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GAXi/l.CTOSXi. See Suoaes. 

GAZi£3NrA. See Lead Sulphide. 

G'AXiXiXC iiCIB. Trioxyhenzoic acid, C^H®0® = C®H‘'^(0HyC0"H, probably 
1 : 2 : 4 : 5 (CO-H in l), see p. 292. — This acid is formed by the action of melting 
potash on di-iodosalicylic, di-iodoparaoxybenzoic, bromoprotocateehuic, and mono- 
bromodioxybenzoic acids (Barth a. Senhofer. Dcid. Chon. Ges. JBcr. viii. 754, 1477). 

Gallic acid, like salicylic, oxybenzoic, paraoxybenzoie, and protocatechiiic acid, is 
completely oxidised by chromic acid mixture, -with i*apid evolution of carbon dioxide 
(Remsen, SUL Am. J. [3], v. 354). Dry gallic acid, triturated in a mortar with dry 
powder of potassium permanganate, takes fire and gives out sparks (Bottger, Poag. 
Ann. Juhelhd. 1874, 156), 

A mixture of gallic and benzoic acids, treated with sulphuric acid, yields a corn- 
pound, which is also formed by the action of sulphuric acid on a mixture of 

pyrogallol and phthalic anhydride. This compound is oxidised by nitric acid, yielding 
phthalic acid. By oxidation with sulphuric acid and manganese dioxide, it is con- 
verted into purpurin, and by reduction with sodium-amalgam into alizarin. Hence it 
appears to be a tri-hydroxyl-anthraquinoiic {anthragallol), 

the throe hydroxyls being probably in the relative positions 1 ; 2 : 3 (Souborlich, 
Pent. Chem. Ges. Ber. x. 38). 

Gallic acid heated with excess of bromine yields tribromopyrogallol, 
0'*Br*(0H)* ; by potassium chlorate and hydrochloric acid it is converted into i s o- 
trichloroglyceric acid, O^H^CPO‘‘; and by the action of potassium perman- 
ganate, or its solution in cold water acidulated with sulphuric acid, into a condensa- 
tion-product, (pp. 292, 293). 

On its reaction with arsenate in contact with the air, see p. 292. 

Giil^XiXTTM, Ga. Atomic Weight, 69'8G5 (Lecoq de Boisbaiidran, Comgt, rend. 
1875, Ixxxi. 493, 1100; 1876, Ixxxii. 1036, 1098; Ixxxiii, 611, 603, 824, 1044; 
Bull. 8oc. Chim. [2], xxv. 521; xxvi. 433; Ann. Chim. Phgs. [5], x. 100-140; 
Lecoq de Boisbaudran a. Jungfleisch, Comjjit. mid. Ixxxvi. 577; A. Dupre, ibid. 720). 
A metal discovered in August 1875 byDe Boisbaudran, in a zinc-blonde from the 
mine of Pierrefitte in the valley of Argeles, Pyrenees ; found also in blendes from 
other localities, especially in the black blende of Bensberg, and the yellow trans- 
parent blende from Asturias. To separate it, the mineral, according to its nature, 
is dissolved in nitrohydrochloric, hydrochloric, or sulphuric acid; plates of zinc are 
placed in the solution, till the disengagement of hydrogen becomes slow, but is still 
perceptible, by which means the greater portions of the copper, lead, cadmium, iridium, 
thallium, silver, mercury, selenium, arsenic, &c., contained in the ore are precipitated ; 
the clear filtered liquid is heated with a large excess of zinc ; the resulting gelatinous 
precipitate, consisting chiofiy of alumina, basic salts of zinc, and finally gallium, is 
redissolved ii^ydrochloricacid ; and the solution is again heated with zinc, whereby 
a second gelatinous precipitate is obtained, in which the gallium is cuncentratod h\ a 
mass of smaller bulk. This precipitate is rodissolvod in hydrochloric acid; the 
solution is treated with hydrogen sulphide; and the filtered liquid, after expulsion of 
the hydrogen sulphide, is fractionally precipitated with ammonium carbonate, till the 
solution of the rcsulling precipitate in hydrochloric acid no longer gives any indication 
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of 4}ie presence of gallium when examined by the spectroscope (m/m). To com- 
plete the separation of the zinc,' the precipitated hydroxides and basic salts are 
dissolved in sulplpiric acid, and the solution is cautiously evaporated till the whole 
or nearly the whole of the free sulphuric acid is expelled ; the residue, after cooling, 
is digested with water till it is dissolved ; -the nearly neutral solution of the sulphate 
thus obtained is heated to boiling ; the basic gallium sulphate thereby precipitated is 
filtered off hot, and dissolved in a small quantity of sulphuric %cid ; the solution is 
treated with a slight excess of potash, which first precipitates and then redissolves 
the gallium oxide ; and this oxide is precipitated from the alkaline solution by a 
stream of carbon dioxide. Finally the gallium oxide is redissolved in the smallest 
possible quantity of sulphtiric acid ; the solution is mixed with excess of slightly acid 
ammonium acetate ; hydrogen sulphide is passed into the liquid ; the filtered acetic 
solution is diluted with water and heated to boiling, whereby the greater jlirt of the 
gallium is precipitated as oxide ; this precipitate is filtered off hot, washed with 
boiling water, and redissolved in sulphuric acid ; and the solntion is mixed with a 
slight excess of potash, and filtered, whereby a pure alkaline solntion of gallium is 
obtained. 

Metallic gallium is prepared by the electrolysis of this alkaline solution, 
platinum electrodes being used, and the positive electrode being large^ than the 
negative, on which the gallium is precipitated. A Eunsen’s battery of nve or six 
ordinary-sized pairs is sufidcient for the electrolysis of 20-30 c.c, of the strong alkaline 
solution. The precipitated gallium is easily detached by dipping the platinum plate 
into warm water, and bending it backwards and forwards, or pressing it between tlie 
fingers ; it may be purified by immersing it for half-an-hour at 60°--70° in dilute 
nitric acid free from chlorine. 

Gallium thus precipitated forms a closely adherent layer, somewhat whiter than pla- 
tinum, hard, and acquiring a good polish by pressure. "V^en the strength of the current 
is properly regulated, the metal exhibits a fine, dull, silver- white surface, full of shinirjg 
points consisting of microscopic crystals. It melts at 80' 16°, and therefore at the heat 
of the hand, and may remain for weeks in a state of surfusion even at temperatures near 
0°. In the liquid state it has a fine silvery whiteness, but on touching its surface 
with a small piece of solid gallium, a spot is formed which rapidly extends, the 
change being due to the crystallisation of the metal, which in solidifying acquires a 
decided bluish tinge, with diminished lustre. Distinct crystals may bo obtained by 
dipping into the fused metal, cooled 10°~15° below its melting point, a piece of 
platinum with a particle of solid gallium attached to it. In from 3 to 10 seconds 
octohedrons form, modified at the summit by traces of the base OP. If tliose crystals 
are not directly removed, the metal becomes heated nearly to its molting point-, 
solidification is retarded, and the basal face is so much developed that large tables 
are formed. The crystals are brilliant, but difficult to measure on account of their 
faces being slightly rounded. Gallium is hard, but nevertheless loaves a bluish-grey 
trace on paper. It has but little malleability, spreads under the hammer, and 
acquires the polish of the anvil, but soon becomes brittle and splits at the edges. In 
small bars it exhibits a remarkable degree of solidity, even at a temperature ap- 
proaching its melting point. In thin sheets, which may bo formed by fusing the 
metal between hot glass plates and detaching it under water after cooling, it can bo 
bent several times at a sharp angle without breaking. Melted gallium readily 
adheres to glass, forming a mirror whiter than that produced by mercury. It 
preserves its lustre in the air, even of a laboratory, and in water froo from air, 
but slowly tarnishes in ordinary water. 

The specific gravity of gaUium is 5*935 at 23° and 5*956 at 24*5° referred to water 
at the same temperatures. 

Gallium heated to bright redness in contact with the air, oxidises merely on the 
surface, and does not volatilise. It dissolves in hydroGhlono add at ordinary tem- 
peratures, and more rapidly when heated, with disengagement of hydrogen. It is 
not sensibly attacked by nitric acid in the cold ; but with the aid of heat it dissolves 
slowly, with evolution of nitrous vapours. Agi(>eous potash dissolves it slowly, with 
evolution of hydrogen. 

Spectrum of Gallium . — ^When induction-sparks to 2 mm. long are passed 
between a positive external conductor and a negative solution of a gallium salt, a 
spectrum is produced containing a brilliant violet line (a) at 417 on the scale of wave- 
lengths, and a/aint band (J3) at 403*1. In a gas-flame gallium show^ only the lino 
a, and even this is very faint and fugitive. 

Beactions of Gallium Salts. — 1. Metallic does not precipitate gallium 
from acid solutions of its chloride or sulphate, but as soon as the solution has become 
basic, and the evolution of hydrogen very slow, the gallium is thrown down as an 
Glide, or more probably a basic salt, in white flocks mixed with basic salts of zinc. 
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It is therefore in reality a basic salt of zinc which precipitates the galliu|n; 
and, to render the latter insoluble, it is sufS.eient to heat the solution of zinc 
chloride containing gallium till it gives off hydrochloric acid and becomes basic ; the 
highly concentrated solution may then still appear limpid, but on diluting it largely 
with water, it deposits zinc oxychloride mixed with gallium. The precipitation of 
gallium by zinc is slow at ordinary temperatures, not being completed for three weeks 
or a month when largcuquantities of solution are operated on, bjit at the boiling heat 
it is completed in a few hours. 2. Cadmium does not precipitate 'a solution of zinc 
chloride rict in gallium, even after long boiling. 

3. Amononia in excess forms a precipitate in gallium solutions, but a considerable 
proportion of the gallium is redissolved ; and if the precipitate be dissolved in hydro- 
chloric acid and ammonia again added in excess, the whole of the gaEium remains in 
the ammo?!iacal solution. Gallium oxide appears to be more soluble in ammonia 
than alumina, for on repeatedly treating a mixed solution of the chlorides of the two 
metals with excess of ammonia, the first solutions obtained are rich in gallium, while 
the last precipitates contain nothing but aluminium. On adding ammonia drop by 
drop to zinc chloride containing a little gallium, the gallium is precipitated before 
the zinc, and quickly becomes concentrated in the first deposits, only an inappreciable 
quantity o$it remaining in the mother-liquors. 

4. Ammonium Carbonate appears to act like free ammonia. 

5. IPixed Camtic Alkalis , — A small quantity of potash precipitates gaUium oxide, 
and then acts like ammonia ; but the precipitate is extremely soluble in excess of the 
alkali. 

6. Alkaline Carbonates , — Carbonic acid precipitates gallium oxide from its solution 
in potash. Sodium carbonate precipitates gallium from the solutions of its salts, 
whether cold or warm. At boiling heat, a very small quantity ‘of sodium carbonate 
forms in gallium salts a thick precipitate, which redissolves on cooling : this effect is 
due to the decomposition of neutral gallium salts by hot water, and the recombina- 
tion of their constituents as the liquid cools. When a solution of zinc chloride con- 
taining gallium is fractionally precipitated with sodium carbonate, the greater part of 
the gallium is found in the earlier precipitates. In a mixed solution of gallium and 
aluminium also, the gallium is found chiefly in the earlier precipitates, but the sepa- 
ration is less complete than in the case of zinc. 

7. Aoetio acid . — Gallium is not precipitated from the slightly acid solutions of 
its chloride or sulphate by acid acetate of ammonium, but on heating the liquid, 
gallium oxide is thrown down in white gelatinous flocks, and docs not redissolve, even 
at the boiling heat, except in presence of a considerable quantity of acetic acid. 
Nevertheless, if a large quantity of acid ammonium acetate or acetic acid be added, 
the liquid, when heated, will remain limpid. Neutral sulphate of gallium becomes 
turbid at ordinary temperatures when treated with a small quantity of acid ammonium 
acetate ; but, on adding a large quantity of that reagent, the liquid becomes clear, and 
is no longer precipitated on boiling unless diluted with water. An ammoniacal 
solution of gallium chloride or sulphate is precipitated, whether cold or warm, by an 
excess of acetic acid, unless the liquid is very dilute, or the quantity of acetic acid 
added is very large. 

8. Hydrogen Sulphide . — Slightly acid solutions of gallium chloride or sulphate are 
not precipitated by hydrogen sulphide, even in presence of acid ammonium acetate ; 
but in slightly acid solutions of zinc chloride containing gallium, a considerable 
proportion of the latter metal is thrown down, together with the zinc sulphide. The 
precipitation of the gallium takes place more easily, but is by no means complete, if 
the solution, rich in zinc, be supersaturated with acid ammonium acetate. If the 
quantity of zinc in the solution is not sufficient to carry down all the gaUium at the 
first precipitation, more zinc-salt must bo added by small portions, till the precipitates, 
when examined by the spectroscope, no longer exhibit the line Ga a. 

In a mixture containing a large quantity, of zinc chloride, together with the 
chlorides of indium and gallium, fractional precipitation with hydrogen sulphide in 
presence of acid ammonium acetate gives successively: (1) A large quantity of 
indium, a moderate quantity of zinc, and traces of gallium. (2) A moderate quantity 
of indium, much zinc, and a notable quantity of gallium. (3) Traces of indium, 
much zinc, and a notable quantity of gallium. 

9. Ammo7}^M Hydrosuljphide precipitates gallium in presence of zinc salts, both 
from neutral and from ammoniacal solutions, and does not redissolve it when added 
in excess, nnloss the quantity of zinc is so small as to be itself rcdissolvod. When a 
neutral or slightly acid solution of zinc and gallium is treated with ammonium 
hydrosulphicle containing free ammonia, the gallium is concentrated in the first 
precipitates of zinc sulphide ; but, if the solution of zinc and gallium is ammoniacal. 
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thft gallium becomes concentrated in the later precipitates. Ammonium hydrosulphide 
does not precipitate the ammoniacal solutions of 'puo'e chloride or sulphate of 
gallium. 

10. Barium darhomte easily precipitates gallium oxide from cold solutions. If zinc is 
also present, the separation of the two metals is less complete than that which is 
effected by fractional precipitation with sodium carbonate, a somewhat considorablo 
quantity of zinc being*precipitated together with the gallium. • 

11. Potassium i'errocyanide gives a yellow precipitate with strongly acid solutions 

of gallium chloride. * 

Alloys of Aluminium and Gallium. The alloy obtained when excess of 
alimiinium is heated with gallium to a dull red heat remains quite brilliant, and 
does not oxidise readily during its preparation. It decomposes water at t?lo ordinary 
temperature, but more readily at 40*=, with formation of a brown powder, which 
subsequently becomes changed into white flakes of alumina, almost the whole of 
the gallium being liberated, apparently free from aluminium. The slow evolution of 
hydrogen from this aUoy, is increased by contact with a globule of liquid gallium, 
an electric couple being formed. 

Aluminium and gallium also form liquid and pasty alloys, which oxi(^e slightly 
in the air, but decompose water readily. The liquid alloy, when touched with a piece 
of solid gallium, crystallises in a manner similar to metallic gallium, but it then no 
longer readily decomposes water (Lecoq de Boisbaudran, Cornet, rend. Ixxxvi. 1204). 

Gallium Chloride, G-aCP. Chlorine strongly attacks gallium at ordinary tem- 
peratures, forming a nearly colourless crystalline chloride, which is very fusible, 
easily volatile, and absorbs moisture from the air (Loeoq do Boisbaudran a. Jungfloisch). 
The Lame compoimd is formed by dissolving gallium in hydrochloric acid. It is ex- 
tremely soluble in water, and deliquescent. The residue loft on slowly evaporating 
itS' solution absorbs moisture from the air, and liquefies, forming a limpid syrup, 
which remains clear on addition of a very small quantity of cold water, but yields 
with a larger quantity a copious white precipitate — doubtless an oxychloride —which 
collects quickly at the bottom of the vessel, redissoives slowly in cold dilute hydro- 
chloric acid, more quickly when the liquid is heated. If a very small quantity of 
hydrochloric acid he added to dried gallium chloride, the compound dissolves in cold 
water, forming a solution which becomes turbid when heated and clear again on 
cooling. A slightly acid solution of tho chloride evaporated at a gentle heat deposits 
needles and crystalline scales which act strongly on polarised light. 

Repeated evaporation of solutions of gallium salts with excess of aqua regia is not 
.attended with any loss of gallium by volatilisation of tho chloride (De Boisbaudran). 

Bromide. Tho action of bromine on gallium is less energetic than that of 
chlorine; novortlieloss it commences in tho cold, with disengagement of heat. Tho 
bromide is white and crystalline ; loss fusible and volatile than tho chloride ; deli- 
quescent (De Boisbaudran a, Jungfloiseb). 

Xodide. The combination of iodine with gallium takes place loss quickly than 
th.at of chlorine or of bromine, and requires the assistance of a gentle heat. The 
iodide is crystalline, and would doubtless be colourless if quite pure ; but it is apt i,o' 
retain traces of free iodine, and moreover decomposes partially when somewhat 
strongly heated. It is fusiblo and volatile, though loss so than tho bromide : its 
boiling point is higher than that of iodine, from which it may bo separated by distil- 
lation in an inert gas. It is deliquescent (De Boisbaudran a. Jungfleisch). 

Oxides. G-allium, when heated to bright redness in contact with the air, 
oxidises, as already observed, merely on the surface. In pure dry oxygen, no percep- 
tible oxidation takes place at 260° ; but at incipient redness, the metal begins to lose 
its lustre, and becomes covered with a very thiu bluish-grey film ; at a bright-red 
heat tho coating of oxide becomes more distinct, but it then protects the metal from 
further action ; the oxidation may however be somewhat facilitated by agitation of 
the liquid metal. A small quantity of the oxide thus formed collects as a sublimate 
on the cooler parts of the tube. 

A more definite product is obtained by ignition of the nitrate (p. 845). This salt, 
heated to 200° in a current of dry air, decomposes with intumescence, giving off 
nitrous fumes and leaving a white fritted, very friable mass of oxide. The loss of 
weight sustained by the nitrate amounts to 63*8 per cent., which is ex^tly that which 
should be sustained by a salt having the composition G'a(NO^)^ or Ga^O^.SN^O®, when 
completely resolved into -nitric anhydride and sesquioxido,- siipposing the atomic 
weight of gallium to he 69*865. 

The sesquioxide heated to cherry-redness in a current of pure dry hydrogen, partly 
sublimes undecomposed, and is partly reduced to a bluish-grey fritted substance exactly 
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like that -vvhich is formed hy the direct oxidation of gallium. This lower oxide <Jis- 
golves in nitric acid without evolution of nitrous fumes, and in dilute sulphuric acid 
without evolution of hydrogen : it is therefore free from metallic gallium, and probably 
consists of the monoxide. It reduces potassium permanganate.* At a bright red 
heat the oxide is partly reduced to the metallic state. 

liTitrate, Ga(NO^)®. The strongest nitric acid (sp. gr, 1*52) free from nitrous 
vapours scarcely attaclfcs gallium at ordinary temperatmes, but at 40^-50° the action 
takes place and goes on regularly^ with formation of a grey deposit which takes a long 
time to dissolve. On evaporating the solution to dryness, and heating the residue to 
110°, it partly decomposes; and on dissolving the unaltered portion in water, and 
evaporating the filtered solution over the water-bath, the nitrate is obtained as a 
white, contact, very deliquescent mass, which exhales the odour of nitric acid. By 
evaporation in a dry vacuum or in a stream of dry air at 40°, the water and excess 
of nitric acid are expelled, and the pure nitrate is obtained. At higher tem- 
peratures it is completely decomposed, leaving a residue of sesquioxide (Dupr6). 

Sulphates. The sesgitisulj^hate or Gallic sul^pliate, Ga2(S0‘^)® [mode of prepara- 
tion not described], is non-deliquescent, but very soluble in water. The concentrated 
solution is syrupy. A perfectly neutral solution is decomposed by boiling, very little 
gallium r€(tiaining dissolved, provided the solution is sufficiently diluted. On cooling, 
the precipitate dissolves completely. By slow evaporation, or by the cooling of a 
strong solution, the sulphate is obtained in soft nacreous scales, sometimes grouped 
in stellate or radiate masses. It dissolves in alcohol of 60 per cent., but is insoluble 
in ether. On evaporating an acid solution of the sulphate, and drying the residue 
till it ceases wholly or nearly to give off white vapours of sulphuric acid, the salt 
does not lose its solubility in water or in weak alcohol, but it takes some time to dis- 
solve (Do Boisbaudran). 

The salt obtained by dissolving the lower oxide of gallium in dilute sulphuric 
acid reduces potassium permanganate (Dupre). 

G allium-ammo niu on Alum is obtained by slow evaporation of an acid solu- 
tion of gallic sulphate neutralised with ammonia, or by mixing the solutions of gallic 
sulphate and ammonium sulphate, and evaporating. It crystallises in cubes with 
octohedral facets, or in octohedrons with cubic facets, having exactly the appearance 
of ordinary alum, and capable, like the latter, of forming supersaturated solutions 
which solidify instantly when touched with a small crystal of the salt. A strong 
solution of the alum becomes slightly turbid when boiled, but clear again on cooling. 
Very dilute solutions when boiled yield a copious precipitate, probably a basic salt, 
and if the liquid bo filtered while hot, only a trace of gallium remains dissolved. 
The precipitation on boiling is prevented by the addition of a drop of sulphuric acid, 
or of a certain quantity of acetic acid (Lecoq de Boisbaudran). 

Atomic Weiglit and Q,uantivalence of Gallium. The existence of the 
alum just described shows that gallium is analogous to aluminium, forming a sesqui- 
oxide Ga-0^, a trichloride GaCl®, &c. &e. This being established, the atomic weight 
of the metal may be determined by the analysis of the alum or of the nitrate. Now (a) 
3*1044 grams of the alum gave on ignition 0*5885 of sesquioxide, whence may be 
deduced for gallium the atomic weight 70*032. (/3) 0*4481 grams of the metal 
yielded, by conversion into nitrate and ignition of that salt, 0*6024 grams of oxide, 
which gives for gallium the number 09*698. The mean of these results, 69*865, may 
be taken as a near approximation to the true value (Lecoq de Boisbaudran, Compt. 
rend. Ixxxvii. 941). 

The specific heat of gallium between 12° and 23°, as determined by Berthelot 
{Compt. reoid. Ixxxvi. 786), is 0*079, which, multiplied by the atomic weight, gives 
the product 5*52, a number not differing greatly from the mean value (6*4) of the 
atomic heats of the metals. The specific heat of liquid gallium, between 106° and 
119°, is 5*59, differing therefore but slightly from that of the solid metal; in this 
respect gallium resembles mercury, bismuth, and some other metals. 

Mendelejeff (Comyjzf. Ixxxi. 969) points out that, according to the periodic 
relation which has been shown to exist between the chemical functions of the elements 
and their atomic weights {2oid Suppl, 462), there should exist an element intermediate 
between aluminium (27) and indium (113). This element, which he designates as 
e/cakminiuon, should have the atomic weight 68, and specific gravity 5*9 ; should be 
easily reducible, precipitated by hydrogen sulphide more readily than zinc, precipi- 
tated also by barium carbonate, and recognisable by the spectroscope. These properties 
are regarded by Mendelojeff as sufficiently near to those of gallium to justify the 
conclusion that the latter is really the suspected ekaluminium. 

De Boisbaudran, on the other hand, while admitting the groat importance - of the 
relations suggested by Mendelejeff, points out that the properties of gallium are not 
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in all respects intermediate between those of aluminium and of indium : thus the 
S^esquioxide of gallium is more soluble in ammonia than either indium oxide or 
alumina, which in fact are nearly insoluble in that reagent. Moreover gallium oxide 
is precipitated by sodium carbonate before alumina and likewise before indium 
oxide. The extreme fusibility of gallium also is difficult to reconcile with the degree 
of fusibility which it should exhibit according to the theory in question {Ann» Chim. 
Phys. [5], X. 138). , c 

G’ARBSXffXN''. A neutral substance obtained by Stenhouse in 1856 {Phil. 
Trans, cxlvi. 155) from dekamaH gum, a resinous exudation from Ga^lenia lucida 
(p. 627), and further examined by Stenhouse a. G-roves {Chem. Soc. J. 1877, i. 551). 
It is extracted from the resin by boiling with alcohol, and separates on cooling in 
long, light-yellow needles, which must be washed with cold spirit to purifv them from 
an amorphous greenish-yellow resin which forms the greater portion of the dekamali 
gum, then repeatedly crystallised from alcohol, agitated several times with light 
petroleum to remove a colourless fatty substance, and finally purified by alternate 
crystallisation from hot benzene and from alcohol. 

Gardenin thus purified forms brilliant deep-yellow crystals, melting at 163°-164°. 
When dried at 100®, it gave by analysis 61*91 per cent, carbon and 5*45 hydrogen 
(mean), agreeing nearly with the empirical formula It is Recomposed 

by boiling with nitric acid, but does not yield picric acid. Its solution in 30 parts of 
boiling glacial acetic acid, treated, after cooling, with nitric acid of specific gravity 
T45, yields gardenic acid, a non-azotised crystalline substance, which melts at 
236°, is insoluble in water and in dilute acids, but dissolves readily in alkalis, and is 
reprecipitated therefrom by acids. It is very slightly soluble in boiling spirit, more 
soluble in glacial acetic acid, from which it separates in the crystalline state. 

GARSTET. A. V. Lasaulx {Pahrh. /. Min. 1875, 149) describes crystals of 
garnet from Geyer in Saxony, exhibiting, together with oo02, the form ooO[r, 
hitherto observed only in garnets from Auerbach on the Bergstrasso. According to 
A. Wiclimann {Pogg, Aim. clvii. 282; Jahrh.f. Min. 1876, 198; Chem. Soc. J. 1876, 
ii. 51, 178), the dark-coloured massive garnet, called allochroitc, is partly amorphous 
and partly possesses double-refracting structure, as formerly observed by Bos 
Cloizeaux in grossularia. 

The following are recent analyses of garnets : (1~S) occurring in the eclogites of 
Upper Traneonia (p, 703). 1. Large distinct garnets from Eppenreuth near Hof. 

2. Large garnets, seldom crystallised, from Silberbaeh, near Conradsrouth. 3. Garnet 
in very numerous grains from Falser Hoho near Markt Schorgast (E. v. Gorichteii, 
Liebig's Annalen, clxxi. 183). (4-6). Eed garnet from the sorpentino of Zoblitz, 
Greifendorf, and^aldheim in Saxony (Lemberg, ZeiUchr. geol. Ges. xxvii. 531). 
7. Spessartin, from S. Marcol, in Piedmont, where it occurs, together with marcelin, 
piedmontite, red mica, and quartz, in light-yellow, seldom orange-yellow crystals, 

00 0.202, the nucleus of which often consists of marcelin; sp. gr. =4*01 (Pisani, 
Cornet, rend. Ixxxiii. 167). 



SiO^ 

A1*0=* 

Fe“0“ 

FcO 

MnO 

CaO 

MgO 

H“0 


1. 

43*37 

23*13 

— 

14*63 

0*98 

13*48 

4*78 

— ~ 

100*37 

2. 

43*16 

23*04 

— 

14*60 

0*91 

13*54 

6*05 

— = 

101*30 

3. 

41*45 

16*15 

11*50 

12*40 

0*91 

10*51 

8*36 

= 

101*28 

4. 

39*62 

22*96 

10*96 

— 

— 

4*40 

21*24 

0*82 = 

100 

5. 

40*60 

22*70 

9*34 

— 

— 

4*23 

21*47 

1*66 = 

100 

6. 

40*44 

23*11 

9*96 

— 

— 

4*32 

20*70 

1*47 = 

100 

7. 

38*50 

18*40 

2*70 

— 

34*25 

6*87 

— 

— = 

99*72 


On the garnet-olivine rock of the Saxon Granulite Bistrict, see Bathe ( fahrh 
f. Min. 1876, 325 ; Chem. Soc. P. 1876, ii. 387). 

GASES. Absorption by Metals . — The solution of gases in iron, steel, and 
manganese has been investigated by Troost a. Hautefenille {Ann. Chim. Phys. [5], 
vii. 155) with the following results : 

1. Cast-iron kept in fusion in contact with silica or silicates, evolves carbon 
oxide resulting from the action of iron carbide on silica, the iron, consequently, be- 
coming poorer in carbon and richer in silicon. 

2. Melted cast-iron dissolves considerable quantities of hydrogen, the solubility of 
the gas being diminished by the presence of silicon, and much increased by the 
presence of manganese. 

3. Carbon oxide is much less soluble than hydrogen in the different varieties of 


* FlUckiger, who also analysed gardenin (Pharm. J. Trans. [3], vii. 589), assigned to it tlio for- 
mula but as his product was purified merely by repeated crystallisation from spirit it was 

probably still contaminated with the fatty substance above mentioned. * 
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cast-iron. Its solubility is diminished or even annulled by the presence of ma^i- 
ganese. ^ ^ • 

4. Pig-iron, after cooling, retains gases which may be extracted by heating the 

metal to a temperature not exceeding 800°. Hydrogen is always more abundant 
than carbon oxide, both in the solid and the fused metal, and is more persistently 
retained by the metal. Manganiferous iron retains more hydrogen than does ordinary 
cast-iron. ^ 

5. Steel dissolves less gas than cast-iron, hydrogen predominating over carbon 
oxide, and bang more forcibly retained by the metal. 

6. Soft iron, on the contrary, dissolves more carbon oxide than hydrogen, and 
retains it more forcibly. 

7. Pinelr-divided pure iron, deprived of gases, decomposes water slowly at the 
ordinary temperature, and rapidly at 100°, the decomposition being more rapid the 
finer the state of division of the iron. 

The solubility of carbon oxide in cast-iron, malleable iron, or steel, may be esti- 
mated by the action of moist mercuric chloride in a vacuum at ordinary temperatures. 
By this mode of proceeding it is possible to determine the limit of temperature above 
which the gases taken up by the iron are partly due to chemical reactions. 

Ahsor^ptmn hy Saline Solutions. — The absorptive powers of solutions of the 
chlorides of ammonium, potassium, sodium, barium, strontium, and calcium for 
carbon dioxide have been determined by J. J. Mackenzie (Ann. Phys. Chem. [2], i. 
438) with the following general results : 

(1). Saline solutions absorb less carbon dioxide than an eq^ual volume of water. 
(2) The volume of gas absorbed decreases as the concentration of the solution in- 
creases. (3). Different solutions possess different absorption-coefficients. The 
absorption-coefficient for potassium chloride, like its molecular weight, lies between 
those for sodium and ammonium chlorides, and that of strontium between those for 
barium and calcium chlorides. (4). The coefficient varies with the temperature 
almost in the same manner as for pure water. 

The absorption of carbon dioxide by sulphuric acid and its mixtures with 
water, at 17°, has been investigated by J. Setschenow (Petersh. Acad. Pull. xxii. 102). 
The absorption-coefficient of undiluted H"SO* (0*932) is so near to that of water 
(0‘9519 at 17°, according to Bunsen), that there can be no doubt of the actual 
identity of the two. By dilution the absorption-coefficients are diminished, very 
rapidly at first, the minimum value 0*666 being attained at H*SO‘^ + H^O, beyond 
which the coefficients increase slowly on further dilution. 

Bllfusion of Gases. J. Clerk Maxwell (PTiil. Mag. [4], xlvi. 453) has 
studied the phenomena of gaseous diffusion in connection with molecular. movement. 
According to the mechanical theory of gases (iii. 131), this movement of the gaseous 
molecules goes on in air apparently at rest, as well as in gases which are diffusing 
one into the other. This movement of the molecules in a stratum of air cannot of 
course be observed directly, but its existence may* be inferred from the following 
considerations. When a horizontal stratum of air moves onward, the molecules 
which diffuse out of it into the strata immediately above and below it, endeavour to 
impart their horizontal velocity to the molecules of those other strata, while the 
molecules which diffuse from the latter into the moving stratum tend to retard its 
motion and bring it to rest. This mutual action of contiguous gas-strata is similar 
to the friction of two rough surfaces, one of which slides over the other, and to the 
internal friction of liquids called viscosity. It is, in fact, only another kind of dif- 
fusion, namely, a lateral diffusion of 77ioonentum, and the relative values of the 
friction of different gases may be deduced from observations on the so-called tran- 
spiration of gases through narrow tubes, while the absolute values are deduced from 
Meyer’s observations on the oscillation of horizontal discs in gases (Pogg. Ann. cxliii. 
14 ; Jahrcsb.f. CTicm. 1871, 44). 

Another method of demonstrating the diffusion of molecules in still air is to warm 
the upper layer and observe the proportion in which the heat thus imparted is com- 
municated to the lower layers. This is, in fact, a third kind of diffusion — the diffusion 
of energy. 

All tlmee kinds of diffusion, viz. diffusion of matter^ diffusion of momentum (fric- 
tion), and diffusion of energy (heat-conduction), are brought about by the movement 
of the molecules. The greater the velocity of the molecules, and the farther they 
travel before ^iieir course is arrested by collision with other molecules, the more 
rapid will bo the diffusion. As the velocity of the molecules is known, it is possible 
to calculate, from Loschmidt’s experiments on diffusion {%%d Swpffl. 542), the average 
distance traversed by a molecule before it strikes against another, or the mean path 
between two collisions, and thence also the number of collisions which each molecule 
experiences in a second of time. 
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Molecular Eclations. 


Mass of molecule 

Mean yelocity at 0° per second in meters . 
Mean path in mm. 


10,000,800 

Number of collisions in millions per second 
Diameter of molecule in mm. 

1 


Mass in 


!5, 000, 000 


mgms. 


Carbon Carbon 


Hydrogen 

Oxygen 

Monoxide 

Dioxide 

1 

16 

14 

22 

. 1859 

465 

497 

396 

. 965 

oCO 

482 

379 

. 17750 

7646 

9489 

9720 

. 5* * * § 8 

7*6 

00 

9*3 

. 46 

736 

644 

r 

1012 


Diffusion Eolations. — Measure 


(Centimeters)” 

Seconds 


Calculated 


Hydrogen and Oxygen . . 0*7086 

Hydrogen and Carbon Monoxide 0*6519 

Hydrogen and Carbon Dioxide . 0*5575 

Oxygen and Carbon Monoxide . 0*1807 

Oxygen and Carbon Dioxide . 0*1427 

Carbon Monoxide and Dioxide . 0*1386 

Hydrogen 1*2900 

Oxygen 0*1884 

Carbon Monoxide . . . 0*1748 

Carbon Dioxide . . . 0*1087 


Air . 

Copper 

Iron 

Cane-sugar in water 
(or in 1 day 
Salt in water 


Observed 


0*7214n 
0*6422 
0*5558 
0*1802 
0*1409 
0*1406^ 
1*49 ] 


Diffusion of matter observed 
by Losebmidt {27id Suppl. 
542). 


0*213 
0*212 I 
0-117J 
0*256) 
0*077 • 
0*183 


Diffusion of momentum.'^* 


Dififusiou of temporaturo.f 


0*00000365 K 
0*3144) 1 + 

0*00000116 § 


Change of Tan^cfrature attending the Diffusion of Cases through Porous Partitions . — 
The following observations have been made by Dufour (M Arch. pli. nat. xlv. 9 ; 
xlix. 101-33). (1). When a dry stream of air, hydrogen, or coal-gas penetrates tho 
■walls of a porous vessel, or passes through a vessel containing fragments of tho 
porous material, a hill of temperature takes place, which gradually becomes smaller 
and smaller, and at length disappears. (2). When moist streams of those giisos 
circulate under the same conditions, a rise of temperature is produced, which likewise 
diminishes and finally ceases. (3). The heating is probably duo to the absorption of 
aqueous vapour by the porous substance ; the cooling to the evolution of that v:i,pour, 
these effects being greater or less according to tho previous state of tho porous vessel. 
(4). When air on the one side and hydrogen or coal-gas on the other are in contact 
with a porous partition, and diffusion takes place without alteration of pressure, a 
rise of temperature is produced on that side of the partition towards which the stream 
of gas is directed, that is to say on the side in contact with the lighter gas, and a 
fall of temperature on the other. (5). These changes of temperature appear to occur, 
not in the entire mass of the gas, but only at the surfiice of the porous partition, ilic 
heating on the one side being duo to the condensation of the gas, and the cooling on 
tba other to its expansion. (6). When the diffusion is accompanied by variation of 
pressure, the effects are complicated by the alterations of temperature directly resulting 
from increase or diminution of pressure (Dufour). 

Thermo-diffusion. — C. Neumann infers, from theoretical considerations, that 
when a finite portion of a gas enclosed in a tube of infinite length (or returning into 
itself) has a density greater or less than that of the rest of the gas, a difference of 
temperature artificially produced at the two extremities of this finite portion must 
give rise to a continuous movement in the whole of the endless cylinder of gas, 
directed from the cold to the warm end through the finite portion above mcntionctl, 
supposing that the gas in this portion is of greater density than tho remainder 
{Jahresb.f. Chem. 1874, 15). 


* Grrabam iPhil. frans. 1849, ii. 349; Phii. Mag. [3], xxxv. 511; [4], xxvi. 109) ; 0. E. Meyer, 
Pogg. Ann, exxv. and cxxvii. ; Jahresb.f. GheM. 1871, 41). 

t Stefan, Wien. Akad. Ber. [2 Abtb.], Ixv. 45-69. 

I Volt, Pogg. Ann. exxx. 227, 393 ; Jahi'esb, 1867, 05. 

§ Pick, Pogg. Ann. cxxxv. $37, 
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Experiments made by W. Feddersen {Fhil. Mag. [4], xlv. 55), in accordance ^dtii 
the requirements of this theory, on a portion of the gas enclosed between diaphragms 
of platinum or palladium sponge, gypsum, or magnesia usta, have shown that it 
appears to be a universal property of porous bodies, when used as diaphragms, to 
draw gas through themselves from the colder to the warmer sides. This thermo- 
diffusion differs fron^ ordinary diffusion, inasmuch as it takes place between two 
portions of the same gas on opposite sides of a diaphragm. 'It as the correlative of 
the phenomenon observed by Dufour, in whose experiments a change of temperature 
results froiH diffusion, whereas in those of Feddersen, diffusion is produced by change 
of temperature, and in such a direction that the artificially excited change of tempera- 
tui’e is diminished by that which, according to Dufour’s law, results from the diffusion 
itself. 

Hygrometric Diffusion, — ( 1 ). When a porous partition (the porous cell of 
a voltaic battery) separates two portions of air of different degrees of moisture, two 
opposite and unequal streams of air pass through it, the stronger current being 
directed ffom the dry to the moist air, and the difference in strength of the two 
depending chiefly on the difference of vapour-tension on the two sides of the partition. 
Temperature has little or no direct influence on the result. ( 2 ). Hygrometric diffu- 
sion takes place also, though less quicldy, through dense and very homogeneous plates 
of marble (5 mm. thick), polished or unpolished ; also through plates of gypsum, 
alabaster, and retort-charcoal. On account of the greater porosity of gypsum, diffusion 
through it can give rise only to slight differences of pressure on the two surfaces, and 
even these differences are quickly equalised. Alabaster is much less penetrable by 
gases than gypsum or marble, and diffusion through it takes place much more slowly. 
(3). When a limited volume of air is confined in a vessel, part only of which is 
porous, a difference of hygrometric state between the inner and outer air leads to a 
difference of pressure, which is independent in amount on the extent of the porous 
part of the side of the vessel, but is longer in establishing itself as the proportion of 
porous to compact surface is smaller. (4). The difference of pressure produced by 
hygrometric diffusion depends, under otherwise similar circumstances, on the thick- 
ness of the partition, and in the case of porous clay is nearly in the inverse ratio of 
the square root of the thickness (limits of observation 3 to 10 mm.) (5). Tlie excess 
of the diffusion-current of dry air attains its greatest value when the pressure on the 
two sides of the partition remains equal. This excess, which varies with the nature 
of the porous partition and the hygrometric conditions of the experiment, is greater 
in proportion as the thickness of the partition is less. With thicknesses of 3T mm., 
5T mm., and 9T mm., it was found to vary as 100 : 72 : 51. ( 6 ). When hygro- 
motric diffusion gives rise to a difference of pressure on the two sides of the partition 
the excess of volume of the stronger current diminishes as the difference of pressure 
increases. This decrease is quicker as the thickness of the partition is greater 
(Dufour, JV. Arch.'pli. nat. xlv. 9 ; liii. 177-210). 

Fassage^of G-ascs through Liquid Films and Colloid Membranes, — F. Exner (Pogg, 
Ann, civ. 321, 443; Chem. Soc. J. 1876, ii. 163) has studied this mode of diffusion 
by introducing into a diffusion-tube a film of soap formed with a solution of 1 part 
by weight of dried Marseilles soap in 60-80 parts of distilled water. Experiments 
were made with air and coal-gas, air and carbon dioxide, air and hydrogen sulphide, 
air and ammonia, air and oxygen, air and nitrogen, coal-gas and oxygen, coal-gas and 
hydrogen, nitrogen and hydrogen. A comparison of the velocities with which the 
gases traversed the film led to the conclusion that the passage of the gases through 
the film is due, partly to their absorption by the liquid and subsequent elimination 
from it, partly to simple diffusion through the film, as through a porous partition of 
extremely small thiclmess. On this supposition the diffusion-velocity, a, of a gas 

must be represented by the expression — 7 = 1 , where C is the absorption-coefficient 

V O 

of the gas for water and 5 its density. The following table shows the agreement of 
the values of a calculated from this formula with those deduced from actual observa- 
tion : — 


3 K 


^rd Sup, 
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• G-as ^ 

CoefBcient of 
absorption 

Density 

C 

a 

observed 

a 

calculated 

Nitrogen . 

0*015 

0-97 

0*0153 

0-86 

0’85 

Air .... 

0*017 

1*00 

0-017 

r — 

1*00 

Oxygen . . * . 

0*030 

1*106 

0*0285 

1*95 

1*60 

Coal-gas . 

0*025 i 

0*480 

0*036 

2*27 

^ 2-12 

Hydrogen 

0*019 

0*070 

0*072 

3*77 

3*89 

Carbon Dioxide 

1*002 

1*52 

0*812 

47-1 

45*1 

Hydrogen Sulphide . 

1 3*165 

1*17 

2*94 

165 

163*3 

Ammonia . 

700 

0*59 

903*0 

46000 

#54450 


According to Bartli^lemy {Compt. rend. Ixxvii. 427), the natural colloidal surfaces 
of plants exert upon mixed gases a dialytic or separating action similar to that oh- 
serYed in caoutchouc by Graham (l^zJ Suppl. 632), transmitting carbon dioxide thirteen 
times as readily as nitrogen, and six or seven times as readily as oxygen. 

Diffusion of Gfases through Absorbing Substances (WroblewsM, A.7in, DiH^s, Ohem. 
clviii. 539-568, and [2], i. 438-451). — "WTien an absorbable gas is suddenly brought 
in contact with the surface of a liquid contained in a cylindrical or prismatic open 
vessel, and not disturbed by currents arising from variations of temperature, the 
uppermost layer of the liquid will of course be first saturated by the gas ; and 
Wroblowski’s experiments show that the diffusion of the gas through the liquid takes 
place according to Biot a. Fourrier’s Law of Biffore'nce, the gas passing successively 
from each layer of liquid to the one next below it, and the rale at which this move- 
ment takes place being proportional to the difference of saturation of the two layers. 
When carbon dioxide is brought in contact with an aqueous solution containing in 
100 c,c. more than 10 grams of dry sodium chloride, or 26‘98 sugar, the gas diffuses 
itself through the liquid exactly according to the Biot-Fourrier law of hoat-conduc- 
tion, the quantities of gas absorbed being proportional to the square roots of the 
times of absorption, and the liquid acting, with regard to the diffusion of the carbon 
dioxide, just like a solid body with regard to the conduction of heat. With weaker 
solutions and with pure water, the regularity of the diffusion is disturbed by the 
increase of density of the liquid charged with carbonic acid, which consequently sinks 
to the bottom, thereby completely altering the conditions of tlic diffiision. The Biot- 
Fourrier law of diffusion likewise holds good in glycerin and its aqueous solutions ; 
also in strong solutions of colloid substances, such as gelatin, oven when they contiiiii 
a quantity of the colloid sufficient to render them viscous or somi-soUd; a perfectly 
dry hard plate of gelatin, on the other hand, is impervious to carbon dioxide. 

Former experiments by Wroblowski {Dogg. A)i7i. Iviii. 539-568) showed that the 
rate at which carbon dioxide or hydrogen diffuses through a caoutchouc membrane 
is proportional to the pressure of tlie gas upon the membrane : this is merely a 
particular case of the law above stated. 

From these results Wroblewski deduces the following law : Wimi a gas is ahsoi'bcd 
by any substance^ liquid, solid, or semi-solid, it diffuses itself in the ahsorhmg body 
according to laws identical with those which regulate the propagation of heat in a solid 
o'od. The only exceptions to this law are those which are due to the action of 
gravity. 

Aspiratmi and Migration of Gases. — Those terms are applied by F. Bellamy 
(Compf. rend. Ixxxiii. 669) to denote the passage of gases enclosed over mercury 
through the capillary tubes of cotton or linen skeins, hemp, hay, rushes, strips of 
caoutchouc and many other bodies. When separate portions of the same gas 
under different pressures are connected by such bodies, the level of the mercury 
comes to rest only when the pressure on the two sides is equalised. When different 
gases, such as hydrogen and carbon dioxide, are connected by a skein of cotton-thread, 
&c., enclosed in a bent glass tube, streams of the two gases pass through the skein in 
opposite directions till the pressure of each gas on the two sides becomes equal, the 
hydrogen travelling the faster of the two. 

Friction of Gases. 0. F. Meyer in 1866 and 1866 (Pogg. Ann. exxv. and 
cxxvii.) showed, by experiments on circular discs vibrating horizoritally round n, 
vertical axis, and by calculation from Graham’s experiments on the transpiration of 
gases through capillary tubes (ii. 820), that the constant of the internal friction of 
air is independent of pressure, and increases with the temperature. This result was 
confirmed in a similar manner by Maxwell (PM. 1866), who had previously 

deduced it from theoretical considerations (Phil. Mag. [4], xix. 31). 
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Meyer found, from his first experiments, as an approximate result, that the* value # 
ofthe friction-coefficient of air lay between 0*00018 and 0*00027. Subsequently {Pogg. 
Ann, cxliii. 14), by experiments made at various temperatures, ^e inferred that the 
temperature-coefficient for the friction is about f the coefficient of expansion, so that, 
representing the coefficient of expansion at the temperature by and the tem- 
perature-coefficient of friction by /3, we have, 

= /^o(l + ^i) 

where iS | x 0*003665 = 0*002749. 

By a series of experiments made at different temperatures, the value of was 
found to be between 0*000168 and 0*000174. 

A. V. Obermayer {Wien. Acad, Ber. [2te Abth.], Ixxi. 281-308), from a comparison 
of his own experiments on vibrating discs with those of Meyer and Maxwell, deduces 
the values /3 = 0 * 002723 ; ju. = 0*00016747, according to which the expression for the 
friction-coefficient of air becomes : 

lit = 0*00016747 (1 + 0*002723 t). 

The same methods of investigation have been applied to the determination of the 
friction-;^oeffieients of a considerable number of gases by Meyer {Bogg. Ann. cxliii. 14 ; 
Jahresh. f. Chem, 1871, 44) ; by Meyer a. Springmiihl {Bogg. Ann. cxlviii. 526-549 ; 
JctJiresb. 1873, 16); and by A. v. Obermayer {Wieoi. Acad. Ber. [2te Abth.], Ixxiii. 
433-474; Jahresh. 1876,42). The results are given in the following table, together 
with those calculated by Meyer from Graham’s transpiration experiments : 


Friction-coefficients of Grases. 



Moyer a. S 

Tran- 

spiratiou- 

coefticient 

pringm'dlil 

Friction- 

coefficient 

atO® 

Obe 

Trans- 

piration- 

coefficient 

rmayer 

Friction- 
coefficient 
at 0° 

Friction-coeffi- 
cient referred to 
that of Oxy- 
gon=0-000187S 
calculated from 
Graham’s 
Transpiration 
exiierimeuts 

Oxygon .... 

1*000 

0-000212 

1*000 

0*0001873 

0*0001873 

Air 

0*899 

190 

0*896 

1678 

1683 

Nitrogen Dioxide 

0*878 

186 

— 



1645 

Nitrogen .... 

0*873 

184 

0*885 

1659 

1636 

Carbon Monoxide 

0*870 

184 

0*868 

1625 

1630 

Carbon Dioxide . 

0-755 

160 

0*738 

1383 

1414 

Nitrogen Monoxide 

0*752 

1 160 

0*723 

1353 

1408 

Hydrogen Chloride 

0*736 

156 

— 



1379 

Chlorine .... 

0*687 

1 147 

— 



1287 

Sulphur Dioxide . 

0-654 

138 

— 



1225 

Hyffi*ogen Sulphide 

0-61C 

130 

— 

— 

1154 ' 

Marsh-gas .... 

0*555 

120 

— 



1040 j 

Methyl Chloride . 

0*547 

116 

— 



i 1025 

Ethylene .... 

0*516 

109 

0*492 

922 

966 1 

Ammonia .... 

0*511 

108 

— 



957 j 

Cyanogen .... 

0-506 

107 

— 

— 

948 

Ethyl Chloride . 

0*499 

105 

0-475 

880 

935 I 

Methyl Oxide 

0-483 

102 

— 

— 

905 1 

Hydrogen .... 

0*439 

, 093 

0*459 

861 

1 822 i 


The following is a comparison of the transpiration -coefficients of air, oxygen, 
hydrogen and carbon dioxide, as determined by different observers : 


Air 


Graham * . . . .1 

Maxwell f • • • .1 

0. E. Meyer { . . . 1 

Laiig^l 1 

Obermayer • . . . 3 

Kundt a. Warburg H . .1 




00“ 

1*113 

0*488 

0*840 

— 

0*516 

0*859 

1*095 

0-601 

0*851 

— 

— 

0*830 

1*116 

0-513 

0*824 

— 

0*488 

0-804 


* Tliia Dictionary, vol. ii. p. 820. t p. 

§ Wien, Acad, Ber [2 Abth.l, Ixiii. 604. 


847 of tins volume. % Pogg. Ann. cxlviii. 1. 

II jDeut. Qhem. Qes. Ber. 1875, 160. 
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respect to the alteration of their friction-coefficients according to tempera- 
ture, gases may be arranged nearly in the same order as with reference to tlioir 
coefficients of expansion : 

Friction-coeflQcient Expansion-coefflciont ac- 

according to Obermayer cording to Eegnault 


Air 

Hydrogen 

Oxygen 

Carbon Monoxide . 

Ethylene 

Nitrogen 

Nitrogen Monoxide 
Carbon Dioxide . 
Ethyl Chloride 


»? = 0-0001678(1 
0861(1 
1878(1 
1625(1 
0922(1 
1559(1 
1353(1 
1383(1 
0889(1 


+ 0 0036650 ^ ^ 

- 1 - 0-Q0Z66ot\''^ 
; 0'80 

-f. 0-0036650 
+ 0-003665i)°'” 
+ 0'003665<)““ 
+ 0-00366oi;)"’''' 
+ 0-003719#)“'“ 
+ 0-003701#)“'“ 
+ 0-003900#)“'“ 


0-003071 

0-003661 

Jf_ 

0003GG9 

r 

0-003719 

0-003710 


From these results it apears tliat the friction-coefficient of the less e^Tfiily con- 
densable gases (till lately regarded as uneonden sable) is nearly proportioned to the 
J power, and that of the more easily condensable gases to the first power, of the 
absolute temperature. For temperatures between 150° and 300°, air gave the same 
values of the exponent as between the lower temperatures — 21-5° and 53-5°. Carbon 
dioxide exhibited a slow decrease of the exponent with the temperature. 

Nearly equal values of the exponents for air, carbon dioxide, and hydrogen have 
been obtained by J. Puliij (Wien. Acad, Ber. [2 Abth.], Ixxiii. 589), viz. for air 0-722 ; 
for carbon dioxide 0-917, and for hydrogen 0-693. 

From the friction-coefficionts may bo deduced the following lengths of the medium 
pafJis (p. 847) of a molecule : 


Air .... 



ObeiTnayer 

. 0-0000074 cm. 

Stefan, 

Loschmidi 

71 

Maxwell, 

Graham 

83 

Hydrogen . 



144 

139 

153 

Oxygen . 



79 

74 

87 

Carbon Monoxide 



73 

65 

81 

Carbon Dioxide 



49 

50 

56 

Nitrogen Monoxide . 



48 

42 

56 


On the Friction of Rarefied Gases, see Kundt a. Warburg (Pow. civ. 
337-365 and 525-550; Phil. Mag. [4], 1. 53; Jahresb, f. Chc7u. 1875, 33); A. 
Kundt {Pogg. Ann. clviii. 568-572 and 660 ; Jahresh. 1866, 41). 

On the Friction of Air on Glass, see Warburg {Pogg. Ann. clix. 399-415; 
Jahresh. 1876, 41). ^ 

E. Wiedemann {N. Arch.ph. not. Ivi. 277) has also doterininod the friction-coeffi- 
cient of gases at different temperatures, by the velocity of their flow through capillary 
tubes. The following table gives the results referred to air at 8° = 100. 


Air 

Carbon Monoxide . 
Carbon Dioxide . 
Nitrogen Monoxide 
Ethylene 


8 ® 

. 100 
. 96-87 

. 80-48 

. 80-41 

. 56-24 


100° 

184 - 5 ° 

123-1 

141-1 

— 

136-1 

104-8 

123-4 

105-C 

124-1 

73-89 

87-38 


For air and carbon monoxide on the one hand, and for carbon dioxide and nitroo-en 
monoxide on the other, which latter have equal molecular weights, the friction In- 
creases with rise of temperature in the same ratio. The friction-coefficient at the 
temperature t, being equal to (1 -i- -003665^)", the exponent n is found to have the 
following values, which are not the same for all gases, and do not all vary with tlie 
temperature according to the law laid down by Obermayer : 


Air .... 

0°to lOQo 
. 0-7333 

0° to 184-5° 

100° to 184 

r <^-6701 

Carbon Monoxide . 

. . 

0-6949 


Carbon Dioxide 

. 0-9296 


0-8024 

Nitrogen Monoxide 

. 0-9602 



0-7874 

Ethylene , . , 

- 0-9645 


0-8224 
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Compressibility of Cases — Beviations from the Bo^le- 
S^ariotte Baw (Budde, J". pr. Qlmin. [2], ix. 30-47). If this law were true 
in all cases, the relation between the pressure and volume o£ a gas at constant 
temperature would he expressed by the equation = constant. But the experiments 
of Begnault and hTatterer have shown that the true relation is 

^ =s const. + 

4) being the symbol of a hitherto undetermined function, which faay be either positive 
or negati-^e. Eegnault,* whose experiments were made at pressures up to 30 at- 
mospheres, and at a temperature near 4® C., found that hydrogen exhibits a positive, 
whereas all other gases exhibit a negative deviation from Boyle’s law. Natterer,t 
on the other hand, whose observations were extended to much higher pressures, 
found thi'^ the negative de\dation of air, nitrogen, and carbon monoxide is converted 
at very high pressures into a positive deviation, which finally becomes greater than 
that of hydrogen, and is enormous even for the latter. To a pressure of 2790 at 
mospheres corrrespond the following condensations : 

Hydrogen Nitrogen Air Carbon Monoxide 

1 1 1 1 
m 1008 705 726 727 

Now, according to the gas-theory of Kronig and Clausius (iii. 131), the conditions 
for the constitution of a perfect gas are: (1). That the attractive forces between the 
molecules must he infinitely small. (2). That the radius of the sphere of action of a 
molecule must he infinitely small as compared with the length of the mean path of 
the molecules. (3). That the time intervening between two successive collisions 
must be infinitely small as compared with that of the free movement of a molecule. 
This last condition implies another, viz. that the portion of its path along which a 
molecule is exposed to the repulsive action of other molecules must be infinitely 
small as compared with the length of the path of free movement. In all actually 
existing gases, however, the attractions between the molecules have a real, though 
extremely small value, and it is just to these residual attractive forces that the 
ordinary negative deviations from Boyle’s law are generally attributed. If, however, 
the imperfections in a gas due to attraction are reduced to the smallest perceptible 
trace, there still remain two causes which may produce a sensible deviation from 
Boyle’s law, viz. : (1). The radius of the sphere within wfiiich each molecule exerts 
an elastic repulsive action must have a certain though very small magnitude e. 
(2). The interval of time between two successive collisions, and the depth to which the 
elasticity of the molecules gives way, may have, as compared with the time and the 
medium length of the path of free motion, a certain magnitude of the order Now 
according to the views of Clausius respecting the manner in which the molecules 
rebound after collision, each molecule may ho regarded as fencing off round itself, by 
repulsive forces, a space of medium radius 5, whose middle point is the centre of 
gra'rity of this molecule. A sphere of radius 25 is called by Clausius the sphere of 
action of the molecule, and the sphere of radius 5 may he called its sphere ofelas- 
ticity. For convenience of consideration, the molecules may he replaced by 
elastic spheres of the magnitude of the spheres of elasticity. Moreover, the repelling 
forces which produce the rebound probably increase very rapidly as the molecules 
approach one another, so that the spheres of elasticity may he regarded as hard- 
clastic. According to this, C should he a small magnitude compared with €, and of 
the two deviations last-mentioned the first should predominate. At all events it 
may he supposed that at constant temperatures the elasticity of the molecules is not 
altered by the number of collisions which take place in the unit of time. So long, 
therefore, as the paths of the molecules are long enough, the spheres of elasticity at 
constant temperature may be regarded as incompressible spaces of invariable mag- 
nitude. 

If, therefore, the pressure on a gas is altered, the change of volume thereby pro- 
duced affects only the spaces between the spheres of elasticity, which of themselves 
fill a constant space For a gas in which no other cause of deviation from Boyle’s 
law exists, we have therefore, if its volume under the unit of pressure be denoted 
by u, 

U = ^ 4- 

p 

or, writing — /j : 

— a + /cp. 

^ ‘ Relation des cxpiSricncos cntrcpriscs . . . pour determiner les principales lois physiques et les 
donnSea narnSriques qui entrent dans le calcul des machines b. vapeur.’ Paris, 1847, p. 271. 
t Wien. Acati. Her. v. 351 ; vi. 557 ; xii. 109; Jahresb.f. Chem. 1851, 59 ; 1854, 87. 
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Stfpposilig now that in h 3 ’’drogeu the attractions between the molecules disappear 
SO completely that, in the discussion of Eegnault's observations, they may be left 
quite *oiit of account)* it will then follow that the deviations from Boyle’s law ex- 
hibited by this gas are due to the circumstance that the spheres of elasticity of its 
molecules have a not quite imperceptible magnitude as compared with tlie entire 
space which it occupies. Accordingly, h is the space occupied by the spheres of 
elasticity in a given qua*ntity of hydrogen ; a, the empty spae# contained between 

them at 4° and 1 meter pressure. The ratio ~ is found, from Eegnault’| experi- 
ments, to have the mean value 0-0007 : consequently, 

At 4° and 1 meter presmire^ the spheres of elasticity of Hydrogen occupy 0*0007 of 
the space contained between them^ ^ 

or, since is sensibly equal to 0‘0007, 

1*0007 

at 4° and 1 'imter pressure^ the spheres of elasticity of Hydrogen occupy 0'0007 of its 
apparent volume. 

As already observed, the radius of Clausius’ spheres of action is double tl|gh of the 
spheres of elasticity : consequently the volume of the spheres of action is 8 times that 
of the spheres of elasticity. Now Clausius has shown that the radius of the spheres 
of action is to the mean length of path of the molecules as the space occupied by the 
spheres of action to the total volume of the gas. If then the mean length of the path 
bo denoted by I, we have 

25 _ Sh 5 4^ 

I v' I ^ ’ 


and the bohaviour of hydrogen under pressure may bo expressed thus : 

In hydrogen at 4° and 1 micter pressure^ the mean length of path of the molecules is 
epual ^0 358 times the radius of the spheres of elasticity. 

The approximate value of Ic, determined as above, may perhaps appear to involve a 
certain amount of improbability, leading as it docs by a very simple calculation to 
the conclusion that, at 4° and 1 atm. pressure, the mean distance between the 
molecules of hydrogen is about twenty times as groat as the radius of tho spheres of 
elasticity. 

It is usual, however, for reasons which need not here bo discussed, to regard tho 
distances between the molecules as very great in comparison with tho dlmonsions of 
tho molecules themselves. What is meant by ‘ dimensions of the molecules ’ it is not 
very easy to say, unless we understand by it Uie dimensions of the spheres of elas- 
ticity, or something similar; in that caso the number twenty may appear rather 
small. It is, however, large enough to satisfy the necessaiy conditions of tho gaseous 
state, as shown by the entire calculation above given, and especially by tho equation 
vp=ia-\-lcp ; and moreover it is directly supported by the experiments of Natterer, 
which show that when hydrogen under a pressure of 1 atmosphere is compressed to 
of its volume, it scarcely conforms any more to Boyle’s law ; whence it follows 
that, if the mean distances between tho hydrogen molecules at one atmosphere are re- 
duced to they become magnitudes of the same order as the dimensions within 
which the specific forces of the molecules are active. 

The volume at the pressure of 1 atmosphere being taken as 1, each paii* of 


numbers given by Natterer for p and yields by calculation a correspoudiug value 


a 


These a.re given in the following table: 
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p 

T 

k 

a 

P 

1 

V 

• 

a “ 

2790 

1008 

0,00083 

776 

538 

0,00075 

2689 

998 

0,00083 

751 

528 

0,00075 

2694 

^88 

0,00082 

728 

518 

0,00073 

2506 

978 

0,00082 

706 

-508 

0,00073 

2423 

968 

0,00082 

685 

498 

0,00072 

2347 

958 

0,00081 

665 

488 

0,00072 

2277 

948 

0,00081 

646 

478 

0,00072 

2213 

938 

0,00081 

627 

468 

0,00071 

2F%f 

928 

0,00081 

608 

458 

0,00071 

2098 

918 

0,00081 

590 

448 

0,00071 

2044 

908 

0,00081 

573 

438 

0,00071 

1995 

898 

0,00081 

556 

428 

0,00071 

1948 

888 

0,00081 

539 

418 

0,00071 

1904 

878 

0,00081 

522 

408 

0,00070 

1862 

868 

0,00081 

505 

398 

0,00070 

18fl 

858 

0,00081 

488 

388 

0,00069 

1781 

848 

0,00081 

471 

378 

0,00069 

1741 

838 

0,00081 

454 

368 

0,00068 

1701 

828 

0,00081 

438 

358 

0,00067 

1662 

818 

0,00082 

423 

348 

0,00067 

1623 

808 

0,00082 

408 

338 

0,00067 

1584 

798 

0,00082 

393 

328 

0,00067 

1546 

788 

0,00081 

379 

318 

0,00067 

1508 

778 

0,00082 

365 

808 

0,00067 

1471 

768 

0,00082 

352 

298 

0,00068 

1434 

758 

0,00081 

339 

288 

0,00068 

1398 

748 

0,00080 

326 

278 

0,00070 

1362 

738 

0,00082 

313 

268 

0,00071 

1326 

728 

0,00082 

300 

258 

0,00072 

1292 

718 

0,00081 

287 

248 

0,00072 

1259 

70S 

0,00081 

274 

238 

0,00073 

1226 

698 

0,00081 

261 

228 

0,00073 

1194 

688 

0,00080 

246 

218 

0.00069 

1164 

678 

0,00081 

235 

208 

0,00073 

1134 

668 S 

0,00081 

222 

198 

0,00072 

1104 

658 

0,00081 

209 

188 

0,00071 

1074 

648 

0,00080 

196 

178 

0,00068 

1044 

638 

0,00080 

183 

168 

0,00065 

1015 

628 

0,00080 

170 

158 

0,00059 

986 

618 

0,00079 

158 

148 

0,00057 

958 

608 

0,00079 

146 

138 

0,00053 

930 

598 

0,00079 

134 

128 

0,00046 

903 

588 

0,00078 

123 

118 

0,00046 

876 

578 

0,00077 

111 

108 

0,00033 

850 

568 

0,00077 

100 

98 

0,00027 

824 

558 

0,00076 

89 

88 

0-,00017 

799 

548 

0,00075 

78 

78 

0,00000 

1 


Batterer’s xmit of pressure is that of the atmosphere : the above values of — may 

be reduced to the unit of 1 meter by dividing them by 0*760. The temperature at 
which his observations were made is not stated, and ho appears to have regarded the 
diiference between the actual height of the barometer and 0*760 m. as a quantity 
which might be neglected ; but his results, as they stand, agree remarkably well with 

those of Eegnault. At pressures below 170 atmospheres, the value of ~ comes out 

less than that deducible from Eegnault’s observations, viz. 0*0007, a result which 
may probaBiy be attributed to a want of delicacy in Batterer’s apparatus. From 

k 

170 atmospheres upwards the valuer, of — become nearly constant, the mean value 

Qj 

up to 700 atmospheres differing but slightly from 0*007. For the highest pressures the 
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valup of ~ slowly increases, a result quite in accordance with theory : for as the 

molecules are brought closer and closer together, the time_ during which they can 
exert a repellent action on each other increases in proportion to the time of unre- 
strained moYement. The molecules are therefore subject to repulsion during a longer 
part of their course, behaving indeed as if they exerted a perceptibly repellent action 
on one another, even beyond their spheres of elasticity; that i.%to say, the function 
(}) (p) xiltimately increases faster than the pressure. Its increase, however, in tlio 
series above given is so small, that it may perhaps bo best to neglect it, at least 
provisionally, and regard tho molecules, even at very high pressures, as harfl-clastic. 

Tor these reasons Budde thinks it justifiable to assume that the observations of 
Natterer and those of Eegnault may be represented by the same equation : 

V = a -h 7cp • . 

with the value — - 0*0007 up to 700 atmospheres ; and that above as well as below 
a 

700 atmospheres, the behaviour of hydrogen may be explained in second approximation 
by the assumption that the spheres of elasticity of its molecules have a magnitude 
which is not quite evanescent. 

It has been assumed that the deviations of the gas from Boyle's law#are due 
exclusively to the repulsive forces of its molecules. This is the simplest assumption 
that can be made, but it is neither necessary nor very probable. A very small residue 
of attractive forces may also be still present in hydrogen. The magnitude (f> (p) will 
in that case resolve itself into two summations, one positive, the other negative, and 
the value kp> will represent the difference between the two. It is probable, however, 
that the negative and positive portions of the deviation increase according to different 
laws, as indeed is distinctly seen in tho case of air and of carbon dioxide. 

Since then remains very noarly constant up to a largo number of atmospheres, 
0 / 

it may bo inferred that the negative deviation is not able to disturb the positive to 
any sensible amount, and that therefore it can bo but small in proportion to tho 
latter. Tho value 0*0007 for tho ratio of the magnitude of tho elasticity-spheres to 
the volume of tho gas may therefore bo somewhat too small, but it is at least approxi- 
mately correct. 

Tho cause which determines tho deviation of hydrogen exists likewise in tho case 
of tho other gases, and in them also it must tend to produce a positive deviation. 
Moreover, it is not improbable that the heavier molocnlos of tho other gases may 
possess spheres of elasticity larger than those of hydrogen, and t.hat consequently 
there enters into their deviations a positive clement which exceeds tho total deviation 
of the latter. At low pressures, however, this property of the last-named bodies is 
disguised by tho attraction of their molecules. 

Under all circumstances the magnitude <p {p) has to be divided into parts, one of 
which, , is negative, and arises from tho residues of attraction in the gas, while 
the other, <#> + , is positive. Under different pressures the following combinations 
occur : — 

(1.) p very small = A; nearly true for all gases. 

(2.) p moderately large <|) + > <p — . Case of hydrogen. 

> 0-1-. Case of other gases. 

(3.) ^:) very large <i>+ > ^ — . Case of the most diffciiltly condensable 

gases. 

In tho remarks made on p. 853, the elasticity-spheres of tho molecules are regarded, 
in accordance with ordinary usage, as globes. These observations, however, remain 
equally valid when the elasticity-spheres are supposed to be of any other shape, and 
S represents their mean radius, that is to say, the radius of a globe having the same 
volume as the spheres of elasticity. 

Kesults in accordance with the preceding have been obtained by Hemilian, 
Mendelejeff, a. Bojusky {Detct. Chem. Ges. Ber. ix. 1312), whose experiments show 
that, under a diminution of pressure' of 2,200 to 20 mm., air, carbon dioxide and 
sulphur dioxide exhibit both positive and negative deviations ffom Boyle’s law; 
hydrogen, on the other hand, only positive deviations. Negative deviation, that is to 
say a compression greater than that which should take place according to Boyle’s 
law, was observed in air, carbon dioxide and sulphur dioxide, under pressi^res exceed- 
ing 1 atmosphere; and positive in air between 20 and 650 mm., in carbon dioxide 
between 20 and 180 mm., in snlphnr dioxide between 20 and 60 mm. Earlier 
experiments by Mendelejeff a. Kirpitsclioff {ihii, vii. 486) also led to tho con- 
clusion that air at low pressures deviates considerably from Boyle’s law, in the 
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positive direction, so that the product if supposed =1 at 250 mm., diminishes 
at 0*5 mm. to 0*6. ^ 

According to Amagat, on the contrary (Ami. Chim. Fhys. [5], viii. 270), air under 
low pressures (6 ‘5 to 10*5 mm.) conforms exactly with Boyle’s law. The mean of 


forty-one series of experiments gave for -y, = 1*0014; in thirty-six series 

the deviation from unity did not exceed 0*002. 


Xiiquefaction and Solididcation of Gases. Down to the year 
1877, six gi^ses, viz. hydrogen, oxygen, nitrogen, nitrogen dioxide, carbon 
monoxide, and marsh -gas, had resisted all attempts to reduce them to the liquid 
or solid state ; but towards the end of that year they were all liquefied by L. Oailletet 
(Comyt, To^d. Ixxxv. 1016, 1213, 1217, 1270; Ann. Chim. Pkys. [5], xv. 132-144); 
oxygen and hydrogen also by E. Pictet (Compt. rend. Ixxxv. 1214, 1276 ; Ixxxvi. 37, 
106 ; Chem. News, xxxvii. 1. 83). The means adopted for the liquefaction of these gases 
were the same as those previously employed by Paraday in effecting the liquefaction 
of other gases, namely, cold and pressure, the gases being condensed in thick-walled 
tubes of fine bore by means of powerful forcing pumps capable of producing a pres- 
sure of 300 to 1,000 atmospheres, and at the same time subjected to the intense cold 
produced means of liquid sulphur dioxide and solid carbon dioxide. 

Oxygen . — Evidence of the liquefaction of this gas was first obtained by Oailletet, 
and his results were communicated to the Academy of Sciences at Paris on December 2, 
1877. Under a pressure of 300 atmospheres, and at a temperature of -29°, pro- 
duced by the evaporation of liquid sulphur dioxide in a current of dry air, the gas 
appeared to undergo no alteration, but on allowing it to expand by suddenly removing 
the pressure, whereby a great fall of temperature is produced, a fog was observed in 
the tube, indicating the liquefaction, and perhaps solidification of the oxygen. 

Nearly at the same time, Pictet, by the use of more pow*erful apparatus, whereby 
the gas was subjected to a pressure of 320 atmosjpheres and cooled to -140° by the 
combined effects of the evaporation of liquid sulphur dioxide and carbon dioxide, suc- 
ceeded in liquefying the gas in a long glass tube ; and on opening a screw-tap at the 
end of this tube, a jet of liquid oxygen was seen to spirt out with extreme violence. 
Pieces of slightly ignited charcoal held in this jet inflamed spontaneously and burned 
with intense vividness. A ray of electric light throwm upon the jet showed that it 
was composed chiefly of two parts ; a central portion some centimeters long, showing 
by its whiteness that it consisted of liquid or even of solid oxygon ; and an exterior 
portion, the blue tint of which indicated the presonco of oxygen compressed in the 
gaseous state. In a subsequent experiment, the presonco of solid particles in the jet 
of liquid oxygon was confirmed by illuminating it with polarised light. 

Hydrogen . — Dry hydrogen, obtained by decomposing ]potassium formate with 
potassium hydroxide, was subjected to a pressure of 650 atmospheres and a cold of 
about — 140°. On opening the tap, liquid hydrogen escaped with violence, making 
a sharp hissing sound. The jet had a steel-blue colour, and was perfectly opaque for 
the length of 12 centimeters. At the same moment a rattling was heard like that 
made by hail when it falls upon the ground, and the hissing became transformexl 
into a peculiar noise, resembling that made by a fragment of sodium thrown upon 
water. Almost immediately the jet became intermittent, and shocks wore felt in the 
cock at each escape. During the first jet the pressure fell from 650 atmospheres 
to 370. After closing the tap, the pressure gradually fell for several minutes down 
to 215 atmospheres, and then slowly rose to 225, where it again became stationary. 
On re-opening the cock the jet issued in so intermittent a manner as to show 
that the congelation of hydrogen had taken place in the tube. This was de- 
monstrated by the progressive escape of all the hydrogen when the pumps were 
stopped, and the production of cold arrested (Pictet). Evidence of the liquefaction 
of hydrogen was also obtained by Oailletet. 

Nitrogen . — This gas, prepared by the action of copper and ammonia on atmo- 
spheric air, then washed and dried over melted potash and strong sulphuric acid, was 
subjected to a pressure of 300 atmospheres at -hl3°. On allowing it suddenly to 
expand, the gas remaining in the tube condensed to a mass of very minute liquid 
drops, which gradually disappeared from the sides of the tube and collected in the 
axis in the form of a vertical column, this series of changes taking place in about 
three seconds. ^ A similar result was obtained with dry air quite free from carbon 
dioxide (Cailleteu). 

Nitroge7i Dioxide passes to the liquid state under a pressure of 104 atmospheres 
at — 11° ; at 4-8° it remains gaseous under a pressure of 270 atmospheres (Oailletet). 
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Carbon Monoxide is liquefied under the same circumstances as oxygen, viz. hy 
a^pressure of about 300 atmospheres at -29°, and sudden expansion (Cailletet). 

" • Methane, similarly treated (pressure and temperature not stated), like-wisc 
exhibited a misty appearance at the moment of expansion. 

Acetylene, C-H-, was liquefied and solidified by P. and A. Tlicnard in 1874-, by 
the action of the silent electric discharge (p. 34 of this Snpplcmont). Caillotet, on sub- 
mitting it to strong pressure, found that it contracted in volufno moro rapidly than it 
should according to Boyle’s law, and was ultimately converted into a transparent 
colourless liquid, the liquefiiction taking place : t 


Under 48 atm. at -h 1° 

„ 50 „ 2*5° 

„ 63 „ 10 ® 


Uiidor 83 atm. at 18° 
„ 94 „ 25® 

„ 103 „ 


On suddenly removing tho pressure, the tube was filled with a white opaque mist. 

GAS-liZ<2’^OB. On the utilisation of G-as-liquor in the Ammonia-soda process, 
see Gerlach {Bingl. fol, J. ccxxiii. 82 ; Ghem. 8oc. Jour. 1877 ii. 236). 

GAS-WSI^IjS. On tho Gas-wells of Pennsylvania, see J. L. Smith (Anjz. Chim. 
Ph?js. [5], viii. 566 ; Ghem. 8oc. Jour. 1877, i. 287). These wells give out enormous 
quantities of gas, which issues at very high pressure. The following *re analyses 
of the gases from three of the wells : 


C02. 






Burns 
Butler Co, 
0*34 

Leohburg 
■Westmoi-eliind Co. 
0-35 

Ilarvcy 
Butler Co. 
0*66 

CO . 






trace 

0*26 

— 

H . 






6*10 

4*79 

13*50 

CH'‘ 


• 



, 

75*44 

89*65 

80*11 

C-H't 





, 

18*12 

4*39 

5*72 

Hydrocarbon, of composition not stated 

— 

0*56 



The gas from tho Delamotor well, about 30 miles from Pittsburgh, consists chiofiy 
of ethane, C-H*''. 

GASTAXiBITB. This nanio is given by .1. Blaniver (Jahrh.f. Min. 1870, 004) 
to a minoral which occurs in cliloritic slate in the Viil d’Aost.a, noiii* Brozzo, and in 
the valley of Lucano, accompanied by copper pyrites, garnet, ;uid iipatitf'. It. crystal- 
lises in the monoclinic system. Type prismatic, throiagli co P Jiml co p co, l1io tc'riuinal 
faces being indistinct. It occurs also pulverulent and 111 irons. Prismatic cleavag(5 
with an angle of 124° 25'. Fracture conclio’/dal. Hardness 0-7. Hp. gr. 3*044. 
Colour blackish-bluo to sky-blue. Streak greyish-blue. Lustre vitreous to pearly. 
The plane of tho optic axes is tho plane of symmetry. Gastaldito exhibits negative 
double refraction, an inclined dispersion, and strong pleochroism. An analysis showed 
it to have the following percentage composition : 

SiO'-* APO=* FoO MgO CaO Na"0 K"0 

58-55 21-40 9-04 3*92 2*03 4*77 trace = 99*71 

from which the formula 3RO.2Al-0^9SiO- is obtained: RO = FeO, Na“0, MgO, GaO. 

GASTXbXC JXrXCX:. Observations on tho composition and pihysiologieal antior. 
of the gastric juice have been made by Ch. Kichet {Compt. rend. Ixxxiv. 450, 1514) 
on a patient upon whom, in conscquoiice of tho complete closure of tho msopliagiis, 
the operation of gaslrotomy had been performed. Through the fistulous opening thus 
established, pure gastric juice, quite -free from saliva, was obtained by washing out 
tho stomach with distilled water, and then placing in the month some sapid snhstjuice 
which, by its reflex action, provoked a relatively abundant secretion. Pure gastric 
juice, thus obtained, is a colourless liquid, viscid, but easy to filter, having little odour 
and not putrefying spontaneously. 

The mean acidity of the gastric juice, -whether pure or mixed with food, is nearly 
equivalent to 1‘7 gram of hydrochloric acid per 1000 grams of liquid. The acidity 
never fell below 0*5, nor rose higher than 3-2 grams. The quantity of liquid found in 
the stomach has no influence on its acidity, which, indeed, is almost invariable, whether 
the stomach bo nearly empty or very full. Wine and alcohol increase tho acidity, 
while cane-sugar diminishes it. If acid or alkaline liquids arc injocLed into tho 
stomach, the gastric juice reassumes its normal acidity in about one hqur. Tho gastric 
juice is more acid during digestion than when digestion is not proceeding, and the 
acidity increases towards the end of the operation of digestion. 

Berthelot has shown {Ghem. Soo. Jour. 1872, 783) that when an aqueous solution 
of organic and inorganic acids is slmkon up with ether, the former dissolve in the 
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etlier wliile the latter remain for the most part nndissolved. By following this method, • 
Richet finds that the acids of the gastric juice are almost entirely inorganic, or, mere 
strictly speaking, they are acids insoluble in ether. , 

Gastric juice, when left to itself, gradually ferments, the amount of organic acid 
slowly increasing at the same time, until it doubles that of the inorganic acid. 

When the gastric juice is separated from the glands of the stomach and mixed 
with food, its acidity greatly increases during the artificial digestion thus set up, hut 
the inorganic acids always predominate. The ferment producing th*is acidity is partially 
soluble. « 

The time required for digestion varies from three to four hours, for such aliments 
as starch, fat, or flesh proper ; the digestion of milk lasts only about an hour and a 
half to two hours, while alcohol and water are still more rapidly absorbed, no trace of 
them beinf left at the end of thirty-five to forty-five minutes. 

CrAtTXiTHBKXii OZXi. Testing for AduUeratimis. — The presence of sassafras 
oil may be detected by adding 3 or 4 drops of nitric acid (sp. gr. 1-3 to T4) to 4 or 5 
drops of the oil. Pure gaultheria oil, thus treated, shows no change at first, but 
solidifies after some hours to a mass of colourless crystals (nitro-methylsalieylic acid) ; 
sassafras oil, on the other hand, assumes a hlood-red colour, and soon changes to a 
brown amlSrphous mass. Chloroform may he detected by its odour when the liquid 
is warmed {Ckeni, Centr. 1876, 30). 

aAITLTHEIfyiiETJrE, This hydrocarbon boils at 160°, and has a 

vapom'-density = 4*74 (referred to air). By oxidation with chromic acid mixture it 
is converted into a resinous mass. Hydrochloric acid gas is abundantly absorbed by it, 
and the product, after repeated rectification, boils at 185°. The distillate is colourless 
and has a camphorous odour (Biedermaun, JDeut. Gheiji. Ges. Ber. 1875, 1677). 

GEHEEXTITE. This mineral occurs at Orawicza in the Bannat, in round green 
lumps, enclosing granules of vesuvianite, and covered with a soft amorphous crust 
having the composition of samoite in which the alumina is partly replaced by ferric 
oxide. Analyses 1 and 2 : Oxiter layers of the gehlenite, sp. gr. 2-997 (Janovsky, 
Beut^ Chcm. Ges. Ber. vi. 1454). 3. Innermost layer of the rounded lumps, consisting 

of pure gehlenite, sp. gr. 3*01 (Janovsky and v. Zepharovich, ibid. vii. 109 ; Wien. 
AJcad. Ber. [1 Abth.] Ixix. 26). 4. Vesuvianite. 5 and 6. Outer crust. 



SiO» 


Fc-0» 

PcO 

* d 

MgO 

K“0 

H“0 

(n- 

32-39 

18*53 

1-25 

8-61 

'*65 

6-69 

— 

0-51 = 100-63 

(2). 

32*55 

undetermined 

3*70* 

Aiidct. 

6-52 

— 

undet. 

(3). 

30-73 

22-24 

0-41 

3-01 

37*93 

6-10 

— 

0-37 = 100-79 

(•1). 

36*31 

23-36 

2*99 

0-55 

25-32 

5*19 

3*35 

2-12 = 99-15 

(5). 

27-98 

30-23 

8-51 


3-76t 

0-55t 

— 

29-36 = 100-39 

(6). 

28*17 

undet. 

8-33 


undetermined 


29-51 


^ Check 

determinations gave 3*42 and 3-5G. 


t CaCO=. 


$ MgCO*. 


GEZiSElVSlIUM. Prom an examination of the constituents of Gclsemkim semper- 
vimis by Oh. Bobbin , reported by Sonuenschein (Bcitt. Ckem. Ges. Ber. ix. 1182), it 
appears that the substance called gelsemio acid by Wormley {2}id 552) is 

identical with msculin. 

The alkaloid gel sera in c is an amorphons, colourless, or slightly pinkish mass 
molting below 100° to a colourless liquid. It dissolves but sparingly in water, more 
readily in alcohol, and freely in ether and chloroform. Its solution has a very bitter 
taste, and a strongly alkaline reaction. Its hydrochloride is amorphous, neutral, 
readily soluble in water, and the solution is precipitated by tannic acid, solution of 
iodine in potassium iodide, gold chloride, phosphoniolybdic acid, &c. Platinic chloride 
produces an amorphous, lemon-yellow precipitate, which dissolves on warming, and 
crystallises on spontaneous evaporation in transparent quadratic octohedrons, wPich, 
on the addition of water, are changed into the amorphous compound, while platinic 
chloride goes into solntion. 

The composition of gelseniine is ; that of the hydrochloride 

(C‘^H^”NO“)"ClH, and of the amorphous platinum-salt 2[(C"H^®NO“)-HCl] + Pt01h 
The pure alkaloid dissolves in concentrated nitric acid, with a greenish-yellow, and in 
sulphuric acid with the same colour, which, however, soon changes into a reddish- 
brown and duty red. When potassium dichromate is added to the sulphuric acid 
solution, the liquid changes first into cherry-red, and then into bluish-green ; with 
eorosocoric oxide a bright cherry-red colour is produced. A large pigeon, to which 
0-012 gram of the hydrochloride was administered, died with convulsions in thirty-six 
minutes, and frogs exhibited the same symptoms. 



86& GENTIAN— GILBERTITE. 

^EmrTXAK'. According to Hager {Chem, Centr. 1876, 823), some kinds of 
gentian-root contain tannin, whereas others do not. Ville (JPharni. J- Trans. [3], viii. 
182) finds that co^d infusions of Gentiana Burseri^ contain tannin. The colouring 
principle, g on ti a nin or gent is in, gives the tannin reactions distinctly, for which 
reason Ville proposes to call it gcntianotannic acid. The bitter principle,^c?^z^io- 
‘jgicvin^ does not give the reactions of tannin. 

CS-BBTTXSXl^, This substance, the colouring matter of gentian -root— 

also called gentianin, gentianic acid, and gentkic acid (ii. 830) — has been further 
examined by Hlasiwctz a. Habermann (JDciB. Chem. Gcs. vii._ 652)/ According 
to these chemists, the potassium and sodium-derivatives contain and 

O^'H^KaO^ respectively, and acetgl-gentisin, formed by the action of acetyl chloride on 
genfcisin, has the composition C^‘‘H®(C''^H®0)-0^. . . # 

By the action of melting potash, gentisin is resolved into acetic acid, piiloroglucin, 
and an acid called gentisicacidby Hlasiwetz a. Habermann, who state tlmti 

it does not agree in its properties with protocatechuic, oxysalicylic, dioxybenzoic, or 
hypogallic acid.'-'' The decomposition is represented by the equation : 

2C14H10O5 + 02 + 4H20 = C2H‘‘02 + 2C^H«0^ + 2C«H‘'02 
Q-eutisin. Acetic G-entisic Phloro- 

acid. acid. giuoin.^t 

G-entisic acid melts at 197° [oxysalicylic acid at 196-197°], and when heated 
above its melting point is resolved into CO^ and pyrogen tisic acid, C^HW, a 
compound said to differ from all the known dioxybonzones, viz. pyrocatoehin, resorcin 
and hydroquinone. 

CrEBAN'XXIHX:, This hydrocarbon, obtained from geranium oil by the 

action of phosphorus pontachloride, is converted, by treatment with half the caleu- 
laiod quantity of iodine, into cymone, (Oppenlieim a. Pfuff, Bent. Chem. Ges. 

Ber. vii. 625). 

GXXiBBRTXTXi. The gilbertito of the Saxon and Bohemian tin mines occurs 
in two varieties, differing considerably from one anotlior. 

(1) . One of them is of greenish-white to yc'llowish-white colour; translucoiil; 
occurs in crudo lumps of compact to crystallo-granulo-laminar structure, idtri'ous to 
fatty lustre, hardness =1, sp. gr. -2 •65-2*72. It is found on all tlie veins of tin 
ore at Altenberg, Ehrenfriedersdorf, Gcyer, Poborshau, Ziimwahl, and Sclihiggenwald, 
alternating with tin-stone, wolframite, molybdenite, fiuor-spar, die., and penetrating 
into all the interstices of the tin-stono and wolframite. It is easily rinuoved from 
these cavities -when the lumps arc In^okcn up, and then always (,'xhibits shining 
contact-faces, sometimes also impressions of the parallel streaks of tlic wolframite, 
and is even found imbedded in wolframite. It forms psoudomorphs after topaz, the 
substance of which has hitherto been designated as ‘ lithomargo,’ liaving indeed con- 
siderable resemblance to many kaolins of the tin-stono veins, especially those of 
Altenberg, which formations have likewise been designated as lithomargo, or oven as 
steatite. Kaolin may, however, be rubbed to dust, whereas gilbertito can only be 
broken into small laminae. 

(2) . The second variety, which is found in the same localities, accompanying 
apatite, iron spar, and nacrite, also tin-stone, wolframite, fluor-spax’, &c., occurs in 
spherical and stellate, concentrically laminated modifications, also in six-sided tabular 
crystals commonly united in spherical groups. Colour light yellowisli-grccn to soa- 
green and leek-greon. Lustre, viti'eous. Hardness = 3. Sp. gr, — ‘2*82. This 
variety is known as pseudomorphs after scheolite and apatite ; it has also Loeii found 
in roundish clusters, enclosed in lumps of sidorite (from Schlaggenwald), which seems 
to suggest its production by transformation of that mineral. 

The following are analyses of gilbertito from the localities above mentioned : — 
u, of the first variety from Ehrenfriedersdorf ; b, of the same fromPobershau ; c, of the 
second variety from Ehrenfriedersdorf: — 



SiO“ 

APO“ 

PeO 

CaO 

MgO 

K=0 

Na=0 

F 

H^O 


a. 

48*96 

30*96 

2*24 

0*2G 

1*97 

8*47 

1*65 

1*04 

3-83 = 

99*38 

b. 

48*10 

32*30 

3*30 

0*40 

1*12 

10*02 

— 

0*S1 

4*09 = 

100*14 

c. 

48T0 

31*55 

3*10 

1*30 

1*33 

8*62 

2*14 

0*88 

3*52 = 

100*54 


Lehunt found, in gilbertite from St. Austell in Cornwall, 45*15 SiO^, 40*11 APO'*, 
2*43 PeO, 4*17 CaO, 1*90 MgO, and 4*25 water, whence Dana regards this Cornish 


* The four known modifications of the acid C’H°0^ or C®II''(OH)=.GO‘"n', arc [CO“n in 1), proto- 
catcchuio acid 1:3:4, oxysalicylic acid 1:2:5, and two other dioxybenzoic acids, 1:2:4 suid 
1 : 3 : 6 (or 1 : 2 : 3) formed from the two corresponding disulphobcnzoic acids (p. 289). The so-called 
hypogallic acid (iii. 239) has lately been shown by Beckett a. Wright to be a mixture, most probably 
of opianic, hemipinic, and protocatechuic acids (see Narcotine). 
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variety as an impure kaolin. It is more probable, however, that in Lehunt’s analysis 
the alumina -was estimated too high and the potash overlooked. 

Gilbert! te is a distinet mineral species belonging to the mica group. The species 
‘ lithomarge ’ may be abolished. Aluminic silicates of this class, which have not the 
composition of gilbertite, are included in the formula, Al“0®.2Si02 + and consist 

either of nacrite or of kaolin. Such at least is the ease with those which occur in 
Saxony: thus, the lithomarge of the tinstone veins, of the'gapgues of Preiberg, 
Johanngeorgenstadt, &c., of the pelosiderites (argillaceous sphssrosiderites) of 
Zwickau, 'Wiirschnitz, &c., of the topaz-rock of Auerbach, &c., all consist either of 
nacrite or of kaolin. The amorphous varieties of lithomarge, called myelin and carnat, 
have also, as previously shown by Frenzel (J. pr. Chem. [2], v. 401), the composition 
of kaolin. ^Gilhertite and nacrite occur together on the tin veins, the formation of 
these two minerals appearing indeed to he related to that of the tin-ore gangues 
(Frenzel, Jahrbuchf. Mineralogie, 1873, 794). 

The extract obtained by boiling ground ginger {Zingiber officinale) 
with alcohol, and evaporating the filtrate, has a strong odour of ginger, and when 
heated in a current of steam yields a small quantity of essential oil lighter than water. 
When fused with soda, it yields protocatechuie acid (Stenhouse a. Groves, Chem. 
Boo. J. 187f , i. 553). 

G'XXfXXiSXTB. A greyish-yellow mineral from the Ginil Alp, in Graubiindten, 
Sp. gr. = 3*404. Composition : — 

SiO“ A1=0=* Fe=0= CaO MgO H“0 

37-83 7-77 15-63 26*67 9*73 3*30 = 100*93 


(Rammelsberg, Jalirb.f. Min. 1877, 97). 

CrXSlMEON-BX^. The gismondin of Salesl in Bohemia is rhombic, the crystals 
exhibiting a combination of the prisms with a hrachydome and a macrodome. The 
type is quadratic and the crystals resemble those of bournouite. Axial ratio, 
a ; b : <? = 0*99246 : 1 : 0*94897. Of the zeolites occurring in the druses of Salesl, 
analcime is the oldest formation, natrolite the next, and gismondin the last. Gis- 
mondin often occurs in the place of apophyllite, which is also a younger formation 
than natrolite. The succession of the zeolites depends upon the degrees of solubility 
of their constituents, the more recent formations being the more soluble. The younger 
zeolite formations exhibit, with hut slight variation in the amount of alumina, a 
decrease of alkalis and silica, and an increase of lime and water. With a constant^ 
proportion of silica, they are richer in water, and conversely, with equal proportions 
of water, they are poorer in silica (Schrauf, Jalirb. f. Min. 1877, 944). Gismondin 
occurs also in the druses of the basalt of the SchilFenberg near Giessen, as a younger 
formation than phillipsite (A. Strong, ibid. 1874, 678). 

CrXiASS. Constihttion. — From experiments by 0. Schott {Dingl. pol, J. eexvi. 346) 
it appears that ordinary glass is a mixture of amorphous alkali-silicate (or borate) 
with crystallisable calcium silicate. At the high temperature of the glass furnace, the 
sodium or potassium silicate dissolves the calcium silicate, and by its viscidity pre- 
vents the latter from crystallising out during cooling. The composition of glass 

may be represented by the general formula j The proportions of the 

constituents for each kind of glass must he determined by considerations of utility. 
If the bases are in the ratio Na-0 ; CaO = l : 1, the proportion of silica in the*glass 
must not he less than 67 per cent. ; otherwise devitrification is apt to take place 

during cooling. Glass thus composed may be represented by the formula 1 5SiO-. 

Witli a larger proportion of sodium silicate the glass does not easily devitrify, even 
when the quantity of silica is less than 67 per cent. ; for example, a glass having the 
2Na^O ) 

KSiO“, and containing 57*1 per cent, silica, remains amorphous on 


composition j 

cooling. For plate-glass, which is exposed to the weather, the proportion of silica 
should he as high as possible. Crown glass should contain less silica, but more lime. 
Its composition is usually 71*5 per cent, silica, 13*5 soda, and 15*0 lime. 

Chemical Changes which take place during the Fusion of the GlasS’-mLviure. — When 
the mixture consists simply of' sodium carbonate, calcium carbonate and silica, the 
carbonates first fuse together, and are afterwards decomposed, at a higher tempera- 
ture, hy the silica, with evolution of carbon dioxide. But when, instead of sodium 
carbonate, a mixture of sodium sulphate and carbon is used, a more complex reaction 
takes place. Wlien the pot is heated, the conduction of heat is at first so slow that 
even after exposure to a white heat for three or four hours, only the outer portions 
of the mass are fused, while the unfused portion in the centre is still sandy and 
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sc^’cely red-hot, and the fused glass near the edges of the pot remains turbid from 
admixture of unfused sand and small gas-bubbles. The zone between the solid centre 
and the fused outer portion is coloured brown by sodium sulphide, and still contains 
lumps of unaltered calcium carbonate. It is only in tho second stage of the process, 
the ‘refining,’ that a rapid evolution of gas takos place. 

Carbon and silica may act on sodium sulphate according to either of the three 
following equations^: 

(1) . Na-SO“ + 20 + Si02 == Ka'^S + 2CO-’ + Sip“ 

(2) . Na-'SO'* + : 0 -I- SiO'-' = Na-SiO^ + CO + SO^ 

(3) . 2Na2S0‘* + ' 0 + 2SiO- = 2Na"SiO=* 4- CO- + 2SO'-' 

In practice, for every molecule of sodium sulxfiiatc O'G of a moleciilo^of carbon is 

used ; this is too little for equation 2 ; but carbon from tho furnace acts on the 
glass, and alkali (from 10 to 15 per cent.) volatilises : — O’G mol. carbon is too much 
by OT for equation 3; but the coke used contains 10 per cent, of ash, and some of it 

is burnt on the surface of the pot. The proportions in which the several ingredients 

enter into the mixture can therefore throw hut little light on the reactions which 
take place. 

The only gases actually given off are CO- and SO^; nevertheless the source of these 
gases is not to be sought exclusively in the reaction represented by equation 3 : for 
direct experiment shows that carbon monoxide, which should ho evolved according to 
equation 2, acts upon sodium sulphate, either alone or in presence of silica,, as follows : 

+ 4CO = 4CO- + Na-S 

Na-SO'» + SiO- 4 - CO = CO^ -i- SO^ 4- Na-SiO'» 

The sodium sulphide formed according to the first of those equations, acts further on 
tho sulphate as follows : 

3Na=SO‘» -h Na-S 4 - ^SiO'-' = 4Na-SiO=’ f 4SO-. 

A similar reducing action is perhaps exerted by tho calcium sulphide in the soda- 
residues sometimes used in tho manufacture of glass. 

Lastly, the calcium carbonate in the glass mixture acts on tho sodium silicate, form- 
ing c a Icio-so die silicate, which constitutes the glass: 

Ha^SiO* 4 - CaCO^ 4 - SiO- = Na“Ca(Si0^y*^ 4 - CO- 

(0. Schott, Dingl. pol. J. eexv. 529; Clicm. Soc. J. 1876, i. 121). 

See also Fr^my {Cowpt. rend. Ixxxi. 1154 ; Chem. Soc. J. J87G, i. 787). 

On the use of Soda-residues in glass-making, see R. Wagner {Dingl, pol. J. cexv. 
358 ; Jalircsh.f. Chem. 18G5, 1085). On tho utilisation of manganese-reHiducs in the 
same manufacture, mQ Jahresh, f. Chem. 1873, 1042. 

On the wear of the Melting-pots, and the best moans of rt'tarding it, see Platonka 
{Dingl. pol. J. ccxxii. 322; Jahresb.f. Chem. 1876, 1117). 

Formatmi of Gold-platinum Mirrors on Glass. — A plate of glass, having been 
well cleaned and polished, is covered with the following mixture, which is fused upon 
it at a red heat. A solution of 500 grams of ifiatinum in aqua regia is diluted with 
5 litres of water, and mixed with 2 kilograms of ammonia ; tho washed and dried pre- 
cipitate is dissolved in 50 grams of hydrochloric and 50 grams of nitric acid ; the 
solution is mixed with 50 grams of water ; the whole is evaporated to dryness ; and 
the residue is mixed with 2,000 grams of essence of lavendoi', 100 grams of turpentine 
oil, and 2’5 grams of sulphuretted turpentine-balsam. Secondly, 30 grams of gold are 
dissolved in aqua regia; the solution is evaporated to dryness ; the residue shaken up with 
500 c.c. water and 500 c.c. ether; the ethereal layer pipetted off and added to tho 
platinum solution; and the ether evaporated. Lastly, to the mixed solution thus 
prepared is added an intimate mixtxire of 50 grams litharge, 50 load borate, and 100 
lavender oil ; and the whole, after having been rendered homogeneous by shaking, is 
laid upon the glass (Dode, Deut. Chem. Ges. Der. vi. 1273). 

On the Etching of Glass with Hydrofiuoric acid, see Heck {Dingl. pol. J. eexv. 
129); Siegwart {iUd. eexx. 479); 2 iXm Jalircsh.f. Chem. 1875, 1094; 1876, 1117. 

Coloration of Glass by Metals. Copper-ruby Class. (Ebell, Dingl. 
pol. J. ccxiii. 53, 131, 212, 321, 401, 497 ; Chem. Boo. J. 1875, 485). Many metals, 
namely noble metals, such as gold and silver, and easily reducilde metals like copper 
and lead, are capable of dissolving as such in melted glass. Gold, sflver, and copper 
can enter as metals into glass in two molecular states, in one of wliich they do not 
colour the glass, while in the other they produce a strong coloration. Tho non- 
colouring molecular condition of the metals corresponds with the highest temperatures 
and the nascent state ; the colouring molecular condition, with the lower temperatures 
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and the solid state of the metal. The passage from the former of these molecular 
states to the latter is called ‘ tempering ’ (Anlaufen). 

Copper-ruby glass is prepared by two methods : 1. By coloration of the ready- 
made glass {Lasiir). Copper and iron scales and ochre are rubbed with oil of turpen- 
tine to a thin paste, which is applied to the glass by a brush ; and after drying, the 
glass is heated in the furnace, whereupon it absorbs a portion of the copper mixture ; j 
and acquires a dark-green colour. The deyelopment of the ruby colour is effected by ^ ■ 
heating the copper in a mufBle with wood-charcoal for a reducing agent. The colora- j j 
tion succeed! only with potash-glass free from lead, never with crystal or flint- jj 
glass. A 

2. Fusion Process. — The glass mixture and copper mixture are fused together and j| 
the fused mass is rapidly cooled, whereupon it appears colourless, or with a faint green j| 
colour due to iron or other accidental constituents ; but on heating it further to the [j 
point at which it softens, the deep red colour is suddenly developed throughout the 
mass {Anlauffarhe). This change exactly resembles that which is observed in the 
development of the coloxir in gold-ruby glass {2nd 655). 

Solutions of the above-mentioned metals in glass obtained by fusion, solidify 
imaltered "^en quickly cooled ; but on leaving them to cool slowly, the metal separates 
out, always in the metallic state, either as a finely divided precipitate, or in crystals, 
microscopic or macroscopic according to circumstances. 

Gold, silver, and copper, either in the solid state or in solution, exhibit in their 
optical relations a very close resemblance to colouring matters of mineral or of 
organic origin, such as Prussian blue, indigo, the aniline-dyes, murexid, &c. Many 
colouring matters, indeed, have in the solid state a decided metallic lustre, and when 
finely divided or dissolved, a peculiar rich and bright colour, the two colours thus 
exhibited being nearly complementary to each other. A similar relation exists be- 
tween the colours exhibited by gold, silver, and copper in the metallic state, and when 
dissolved in glass. These metals, indeed, in the state of igneous fusion, are true 
colouring matters, far exceeding the ordinary dye-stuffs in the solid state in their 
density, and consequently in their power of reflecting light (Ebell). 

Crystallisation of Metallic Oxides froon Glass, — Glass at a full white heat dissolves 
large quantities of metallic oxides, and deposits them on slow cooling in the micro- 
crystalline state. The oxides in which this effect has been observed are stannic 
oxide, chromic oxide, manganese dioxide (dissolved as manganoso-manganic oxide), 
and alnmina (Ebell, Bingl.yol. J. eexx. 64, 156, 288). 

Bottle-glass. The following table gives the mean results of’ a number of 
analyses of bottle-glass by H. Macagno {Cliem, News, xxxviii. 5). The solubibty in 
water was obtained by weighing the quantity of material dissolved by 5 litres of 
water in one hour from 100 grams of finely-pulverised glass; the corrosion-degree 
was ascertained by boiling 100 grams of the same powder for one hour with 5 litres 
of potassium bitar trato solution of 0'33 per cent., and estimating the quantity of 
tartaric acid neutralised : — 




Cliem. comp, per cent. 









Solu- 
bility in 

Corro- 

sion 


Spec. 






giav. 

K=0-l- 

Na“0 

CaO 

AW-i- 

SiO= 

water 

degi-ee 

White glass (five samples) . 

2-453 

14-51 

8-22 

1*92 

75*34 

2-617 

2*020 

Light green glass (three] 
samples) . 

Common green glass (eleven 
samples) .... 


2-474 

15-52 

7-73 

5-47 

71-27 

3*177 

3*975 


2-570 

10-92 

15-10 

10-34 

63*56 

2*600 

3*202 

Dark green glass (two sam- 
ples .... 

Eed-hrown glass (six sam- 
ples .... 

Yellow-brown glass (seven 
samples) .... 


2-674 

3*38 

26-58 

10*53 

1 

58*59 

1*270 

1*275 


2-516 

15-77 

9*28 

6-88 

66*15 

3*470 

4*888 

► 

2-553 

14*62 

14*35 

8-02 

62*84 

2*504 

3*387 


One specimen of red-brown glass contained a trace of manganese. All the samples 
contained magnesia ; in the analyses, when in sufficient quantity to be estimated, it is 
included with the lime. It would seem from the table that the chemical composition 
of glass is no criterion for judging of its quality. The amount of base does not indi- 
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c^te the resisting power to water or acids. The deep*green glass seems the best for 
wine-bottles ; the light-green, red-brown, and yellow-brown glasses are the worst, 
being easily attacSed by solution of potassium bitartrate. 

Composition of Ancient Glass. By E. Peligot {Com^yt. rend. Ixxxiii. 1129 ; 
Am. Chim. Phys. [5], xiii. 271). The 
specimens of ancient glass : — 

Si02 C6-7 

CaO 5-8 

AP03, Pe^O* and MuO- . . 2*8 

K^OandNa^O . . . 247 

100-0 

Soda and potash generally occurred together, showing that the alkali was obtained 
from’ the ash of marine plants. The proportion of lime was only the half or the third 
of that now in use, in consequence of which the glass generally altered considerably 
on exposure to the air. Some very old specimens of glass were found to contain lead ; 
one specimen of very heavy glass, weighing 1,000 grains to the cubic incl^ contained 
nearly half its weight of lead oxide. 

Becompositiou of Glass. Ordinary soda-glass is decomposed by hot water 
much more easily than the potash-glass used for combustion-tubes. When distilled 
water is boiled in a flask fitted wutli two tubes bent downwards a little above the 
cork, one made of ordinary glass, the other of combustion-tubing, and the condensed 
water which drops from them is allowed to fall on a piece of delicate rod litmus- 
paper, the water dropping from the soda-glass tube will colour tlio litmus distinctly 
blue, whereas that which drops from the tube of potash-glass will produce no olfect 
(Tollens, Pent. Chem. G-cs. Per. ix. 1540). 

‘Various pieces of old glass oxaminod by Bo Luynos {Coirqyt, rend. Ixxxiv. 803), 
were found to be covered with scales containing nearly 80 per cent, silica, whereas 
the glass itself' did not contain more than 08 per cent. The transparency of tlio glass 
was not diminished by this change. 

Glass submitted to influences which decompose il very slowly, such as continued 
exposure, to moisture, to exhalations from clamp earth, or to amnioriiaeal or acid 
vapours, often becomes covered with a thin film or scale, wliich exhibits very rtsmark- 
able phenomena of irisation. This effect may bo imkated, and an adlierout coating 
resembling mother-of-pearl produced, by submitting the glass, under the influence of 
heat and pressure, to the action of water containing 15 per cent, of hyilrneliloric acitl 
(Fr4my a. CUmandot, Com^ot. rend, Ixxxiv. 209). 

PevitrifiGation , — From numerous analyses of silicates separated from do- 
vitrified glass, Bonrath {Pingl. fol. J. cciii. 19) infers that ordinary de vitrified glass 
is not formed of tri- or totra-aeid silicates, but that glass in its ordinary state is 
a solution of silica or other cry stalli sable bodies in a ground-mass (perhaps B0.2SiO"), 
and that in this, as in all other solutions, different tomperaturcs correspond witli 
different maximum-contents of dissolved substance. Glass, apparently homogenoous, 
is like a supersaturated solution suddenly solidified, and when it is softened, or wlien 
movements take place in the interior of the mass, the crystallisablo constitaonts, viz. 
silica and felspathic silicates, separate out. According to this view, the devitrification 
of glass is a change analogous to the separation of crystallised chromic oxide (chrom- 
aventnrin), or to the turbidity which shows itself in milk- or alabaster-glass con- 
taining calcium phosphate or stannic oxide. 

From analyses of three specimens of devitrified glass, and of the amorphous glass 
from the same samples, H. .Schwartz {Pingl. g>ol. J. ccv. 422) infers that amorphous 
glass may be regarded as the true mother-liquor of the crystals. The sp. gr. of the 
crystals examined was 2*656 to 2*660, that of the amorphous glass 2*641 to 2*648. 
These samples, which were from the glass-works of Fr. Siemens at Dresden, contained 
from 6*22 to 6*87 per cent, of manganous oxide. The property of the manganous 
'oxide to act as a flux, suggests the employment of manganiferous blast-furnace slags 
in glass-works. The manganese in these slags is usually in the form of sulphide, and 
the sulphxir might easily be removed by the addition of sodium sulphate, according to 
the reaction : 

MnS + SFTa^SO^ = MnO + SNa^O 4 - 4SO-. " 

Soda and manganous oxide would thus be disposible for the formation of silicates, 
while the sulphur would be got rid of (Schwartz). 

The following analyses of devitrified glass, and of the corresponding amorphous 
glass, are given by H. Wieser {Pingl. pol. J. eciv. 390) : 


ing results wore obtained from various 


66-0 

67‘4 

70*9 

G9*4 

69*4 

7*2 

2*7 

7-9 


7*1 

3*0 

5*4 

4*5 

2*9 

2*8 

23*8 

24*5 

16*7 

21*3 

20*7 

100*0 

100*0 

100*0 

100*0 

100*0 
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SiO“ Al»03 FeO OaO MgO MnO K“0 Na=0 S * 

Amorphous . 77*08 2*08 0*22 5*77 trace 0*14 M8 13*88 0*25 == 100 60 

Crystallised . 76*73 1*01 0*57 5*37 0*41 0*33 7*15 77-7 0*02 = 99'36 

According to these analyses, the crystallised glass contains somewhat less silica than 
the amorphous, and about the same quantity of lime ; the crystallised glass also con- 
tains about six times $s much potash as the amorphous, whereas the latter contains 
twice as much soda as the former. Henrivaux Soc. Chim: [2], xix. 6) points 

out that these results are contradictory to those obtained by Pelouze, CUmandot, 

Bontemps, tnd others, who have shown that the amorphous glass always contains 

more alkali than the crystals, whereas the latter are richer in silica and in lime 
(27id Sicppl. 556). Bontemps, on the other hand (Bull. Soo, CJmn. [2], xxi. 166), is 
more disposed to admit the correctness of Wieser’s results, and thinks that the subject 
requires further investigation. 

The crystallisation-products in ordinary glass have also been examined by Schott 
{Bogg. Ann. civ. 422). Previous to the formation of ciystals in the glass, a film is 
produced on the surface by volatilisation of the alkali, exhibiting at ^st the colours 
of thin plates, but afterwards becoming white and opaque. Beneath this film bubbles 
are formed by further volatilisation of the alkali, and it is from these that the crystal- 
lisation st^ts, at first in the form of imperfectly developed crystalline growths, which 
afterwards unite into compact crystals. The formation of the crystals consists 
essentially in a separation of the amorphous ftom the crystalline constituents of the 
glass. The crystals consist of calcium silicate. Schott also regards glass as analogous 
in constitution to a saline solution saturated at high temperatures, the alkali- silicate 
forming the solvent of the calcium silicate. As the temperature rises, the calcium 
silicate becomes more soluble, and when cooled to a certain point, it separates out. 
The solution of the calcium silicate in the sodium silicate easily passes, however, into 
the supersaturated state, and such is its condition in ordinary glass, and it is only 
when the glass is kept for a considerable time at a red heat that the molecules of the 
calcium silicate are able to unite together. In many glasses made from impure 
materials, the rhombic crystals of calcium silicate are accompanied by hexagonal 
crystals of alumina. 

Moulded-Crlass. In order that glass may be easily shaped by pressing it into 
a mould, without the necessity of heating the mould too strongly, it must bo easily 
fusible, must not pass too quickly from the plasfic to the solid state, and must be 
capable of softening quickly when heated before the month of the furnace. Pormerly 
lead-crystal glass (ii. 841) was the only kind that fulfilled these conditions ; thus a 
moulded glass analysed by Benrath {Bmgl. fol. J. ccxviii. 275) contained 50*80 per 
cent. SiO-, 0*14 Al-O^ (with Pe and Mn), 28*11 PbO, and 1T62 K^O. Such glass was, 
however, too dear for the purpose ; and, moreover, the pressed vessels made from it, 
which are always thick-walled, are too heavy. The first step taken to remedy these 
defects was the substitution of soda for potash. An English monlded-glass of recent 
manufacture, and having a density of 2*874, was found by Benrath to contain 6T27 
per cent. SiO^ 0*68 APO® (with Eo and Mn), 33*36 PbO, 1*05 CaO, 7*55 Na-O, and 
7*07 K~0. This composition was obtained by melting together 300 pts. sand, 110 
minium, 10 chalk, 70 soda and potash ; other manufacturers have attained the same 
end by using baryta or lime instead of lead oxide. Thus Eenault, in Maestricht, by 
working with a mixture of 300 pts. sand, 80 minium, 40 limestone, 40 witherite, 
80 potassium carbonate, and 10 nitre, obtained a glass having the composition : 

SiO» PbO CaO BaO K»0 

61*9 16*0 4*5 6*3 11*3 = 100 

and a light moulded-glass of recent English manufacture, sp. gr. 2*524, gave by 
analysis : 

. SiO“ SO" PbO Fe^O’ BaO CaO Fa=0 

74*19 0*28 0*86 0*58 5*16 2*88 17*02 = 100*97 

American moulded beer-glasses were found by Caplan {Bingl. ^ol. J. ccxxvii. 509) 
to have the following composition : 

SiO“ Fe"0" APO" MnO CaO MgO Na=0 and residue 
75*00 0*19 0*11 0*38 5*18 0*52 18*62 = 100 

According to A. Frank, the American glass is very fusible and has a density of 2*486. 

Alabaster-, Milk-, Bone-, Cryolite-, ana Opal-Glass. By M. Hodk {Lingl. 
pol. J. ccxxiv. 623-628). The chief constituents of alabaster-glass are non-ferruginous 
sand and potash. The presence of sodium-salts should be avoided, as they tend to 
produce transparent easily fusible glass. Most recipes include ‘ burnt bones,’ but 
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good alabaster glass can be produced without them. ‘Borax increases the lustre and 
fusibility of the glass, but is not absolutely necessary. Powdered talc is also 
advantageous. G(5od results are obtained by taking 100 parts sand, 40 parts potash 
containing at least 95 per cent, of carbonate, 5 borax, and 5 talc. The potash may bo 
reduced to 30 parts if a hot regenerative gas furnace bo ilsed. 

Coloured glasses are obtained by adding, for turquoise, cop;gGr oxide and sulphate, 
or copper oxide with alittle nitre ; and for chrysoprase, uranium oxido witli a little 
copper oxide. A grey violet colour is obtained by adding manganoso oxido and 
Ceylonese g-raphite, o 

Milh- or Bone-glass is obtained by adding sufficient bone-ash or tin oxido. Of 
late bone-ash has often been replaced by burnt guano : 


{a) 100 parts sand. 

30 „ bone-ash. 

30 „ potash. 

5 „ borax. 

5 „ minium. 


{h) 100 parts sand. ^ 

35 „ potash, 

30 „ burnt guano. 

3 „ nitre. 

3 „ tin oxide. 


Cryolite is now applied in Bohemian works to imitate imperfectly french and 
Belgian opal-glasses. The effect of cryolite depends mainly on its alumina. The 
fluorine, however, acts prejudicially, on account of the volatile compound which it 
forms with silica. Too much cryolite renders the glass too opaquo, and the fluorine 
injures the pots and furnace. The following mixture yields a good glass : — 100 parts 
sand, 20 parts cryo,lite, 12 parts soda, 4 parts sodium nitrate, 2 parts zinc or lead- 
oxido. 

An analysis of Belgian opal-glass gave : 

SiO'" PbO FeO APO" K“0 

03*7 IG'5 0-3 168 2-3 = 99*C. 


Hero the alumina gives opacity, whilst the largo quantity of lead oxido tends to 
the durability of the finished objects. Experiment shows that 100 parts of finely 
powdered felspar free from iron, and 22 of minium free from iron and copper, form a 
completely homogeneous, fusible mass, easily worked without decomposition. This 
glass in its properties closely approximates to the Eronch and Belgian glass. Metallic 
oxides yield very rich colours with it. See further Eboll (DingL ml. J. ecxxv. 70 
and 168 j Chem. Soc. Joitr, 1878, xxxiv. 97). 

Hard or Toughened Glass. This kind of glass, discovered by I)o la Bastio in 
1875, is prepared by heating ordinary glass to its softening point, then immersing it 
in a heated bath of oil, fiit, wax, paraffin, resinous or bituminous substances, and 
cooling it quickly. A. Bauer (DingLpoL J. eexv. 381) dips the glass into a bath of 
paraffin heated to 200^, then cools it quickly to a certain point, and afterwards 
gradually. The best kind of bath is, however, a steam-bath, as it is free from tho 
danger of firo arising from tho use of fat or oil baths, and may bo regulnfod to any 
desired temperature by tho use of saturated, unsaturatod, or siiporheatod steam. 

G-lass treated in this manner is so hard that it cannot bo cut with a diamond, and 
has a density of 2*460-2-468, that of ordinary glass being 2*429~2-438. It does not 
ditFer in appearance from ordinary glass. Plates of it may bo repeatedly thrown on 
tho ground without fracture, and give out a peculiar ring ; but if tiioy do break, they 
crumble into a multitude of small angular fragments ; and the same sudden disintegra- 
tion sometimes takes place without any cippront cause. Tho tenacity of glass toughened 
in an oil-bath is said to bo equal to GOl kilos., and of glass toughened in a steam-bath 
700 to 1000 kilos, per square centimeter, whereas that of ordinary glass is only 220 
kilos. Bottles of toughened glass have been found to stand a pressure of 52 atmo- 
spheres, whereas ordinary glass bottles of the same thickness stand only 39 atmospheres. 
Be la Bastie {BingL^ol, J. eexx. 186) found that a plate of hard glass 6 mm. thick 
was broken into fragments by a weight of 100 grams let fall upon it from a height of 
0*8 meter. A plate 3 mm. thick withstood tho fall of the same weight from a height 
of 5 mm., but was broken into very small fragments when the weight fell upon it from 
a height of 5*75 mm. A strip of hard glass withstood the heat of a flame without 
cracking, and remained unaltered when dipped into cold water, and heated in the 
flame while still wet. Pilati {ibid. 187) found that blue hard glass had a sp. gr. 
= 2*522, hardness = 5, and contained 68 per cent, silica, 10 lime, 2 alumina, 17 alkalis 
and 3 magnesium, iron, chlorine, and cobalt-compounds. 

According to Luynes a. Eoil {Compt. rend. Ixxxi. 341), hard glass breaks in a 
similar manner to Eupert's drops. A disc of it may, however, be bored through in 
the centre without breaking. A square plate of hardened mirror-glass from St, Gobain 
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showed in polarised light a dark cross, the arms of wliich were parallel to the sides of 
the square. The plate could be sawn or cut, without breaking, in the directioii of 
these arms, but not in any other. 

The peculiar constitution of toughened glass is not very well understood, but there 
can be no doubt that its molecules are in a state of tension like those of Eupert’s drops 
and unannealed glass in general. According to Bauer, the effect of the sudden cooling 
is to preserve the homogeneity of the glass ; slow cooling may give occasion to a dis- 
integration of the homogeneous mixture of silicates, which is less liable to take place 
when the muss is quickly cooled. Pocklington (JPharm, J. Trans. [3], vi. d) infers 
from optical examination that the physical structure of hard glass is exactly the same 
as that of glass under strong pressure, and he attributes its peculiar properties to the 
fact that it^consists of a layer of ordinary glass enclosed between two layers of rapidly 
cooled glass. The slightest disturbance at the surface of contact of the layers in these . 
different states of tension, causes the glass to fall to powder. The glass, if very 
uniformly hardened, may be worked with a file wetted with oil of turpentine, and with 
proper precaution it may be polished on a stone. Hydrofluoric acid attacks the soft 
parts of the glass more strongly than the hard parts, so that wave-lines are produced 
on the surface, corresponding exactly with those which the glass exhibits in polarised 
light. 

On Soluble G-lass, containing Alkaline Bases only, see E. Meyer {Tingl. ;pol. J. 
ccxxvii. 280 ; Chem. Soo. Jour. [1878], xxxiv. 534) : E. Bell {Tingl. ccxviii. 47, 160 ; 
€hem. Soo. Jour, xxxiv. 689, 758). 

GZiAVSXSRXTX:, SO’^Ca.SO-^Ha- (ii. 845). From measurements of the crystals 
of Glauberite from Westeregeln, near Magdeburg, v. Zepharovieh {Jahrh. f. Mm. 
1874, 543) deduces the axial ratio, a : h : c= 1*2199 : 1 : 1*0275; angle, — 67®49'10"\ 
W. Schimper (ibid. 1877, 401) describes glauberite crystals from Pendschab, where 
it occurs attached to cubes of rock-salt, in forms having exactly the habit of the 
crystals from Westeregeln. The forms observed were OP, —P predominant; then 
coP and ooPco, with well-developed faces; and sometimes — P, 2Pco, and fpoo, 
but only very secondary. Laspeyres {ibid. 947) describes glauberite from Aranjuez 
occurring on nodules of grey clay in crystals not more than 20 mm. long, but colour- 
less, not altered by exposure to the air, and with well-developed fliees. Axes, 
a: h : c- 1*220924 ; 1 : 1-0270307 ; angle ac=i 67° 49' 33", agreeing nearly with the 
measurements of v. Zepharovieh. The most frequent combination is 
— P, osP . OP . ooPoo , with 3P3 and P secondarily. 

G-XiAircOBOTB, or cohalt-arsenieal-pyrites, is found at Hakaushd in large twin 
crystals, whose form fully coincides with the acontite of Breithanpt. The forms 
observed were ooP, coP 6b, P* , -^Pco , Pco ,2P6b , P,P2. Twins according to two 
laws, the first being ‘ the twin-plane a face of coP’; the second ‘the twin-plane a 
face of Pco As the angle between two faces of this form is 61° 3', a trilling can 
grow having a hexagonal appearance. 

A trilling of this mineral is to be seen at the British Museum (W. J. Lewis, 
Jahrb.f. Min. 1877, 300). 

GXtAirCOHYBROSXtXiAGIC ACXB, An acid formed by the pro- 

longed action of sodium-amalgam on ellagic acid (p. 731). 

GX>AlTCOX«arXTB. This iron silicate, which occurs in nodules in the greensand 
of various localities, is, according to F. Anger (Mm. MittJieil. 1875, 153), not 
amorphous, hut possessed of double-refracting structure. F. Denalque {Jahrh. f. 
Min. 1875, 422) has analysed glauconite from Belgium, where it occurs widely 
difiused as glauconitic sand ; he finds it to contain 

SiO“ Fe=0=* FeO CaO MgO K^O Na=0 H“0 

50*42 4*79 19*90 6*96 3*21 2-28 7*87 0*21 5*28 « 99*92 

whence the formula in which EO = (Fe, K% Ca, Mg, Na2)0 

and E^O® = (Al, Fe)“0^ {comjpare ii. 846 : Isif Su^l. 636 ; 2nd Suppl. 556). 

GBAirCOPHAlirxs (also called Wichtyn^ v. 1038). This mineral, originally 
found in Finland, occurs also at Zermatt and in the island of Syra. The glaucophane 
of Zermatt has been examined by Bodewig {Jahrb.f. Min. 1876, 771), that from 
Syra by Lnedecke {ibid. 778). 

Glaucophane belongs to the hornblende family, and may bo classed with arfwed- 
sonite, achmite, and segyrine. The crystals from Zermatt exhibit only the prismatic 
zone ooP . cop CO . copco, the forms OP and -hP occurring but seldom. Angle 
ooP : coP = 124° 44'. Cleavage very distinct parallel to coP, tbe angle being 
124° 30', which is that of hornblende. Hardness =6*5, sp. gr, =3*0907 (Bodewig); 
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SaOl— S'U3 (Liidecke). The chief direction of elasticity (the second bisectrix)_lics 
in the aotite angle formed hy the crystallographic “os ?■ and e ; 4-2'l for rod light 
aithinmh 4-16 for yellow (sodium), 4-13 for green (thalluim). The optic axes bo m 
the ulane of symmetry. The optical characters are negative. The mincTiil is strongly 
plcochroic, and absorbs light. Before the blowpipe it melts to a greyi.sh-wliito non- 

The moan of two analyses by Bodewig of the Zermatt mineral gives the following 
values : 

SiOa ■Pe''0=* FeO M^O OaO NirO 

57 81 12-03 2-17 5*78 13-07 2-20 7*33 = 100-39 

whence the formiila | | which I\j5=he, Mg, Ca, Na-, and ^=^1, ho. 


An analysis of the glaucophano from Syra gave 


SiO= 

55-64 


15-11 


Fe“0" 

3-08 


FcO 

6-85 


MnO 

0-56 


MgO 

7-80 


CaO 

2-40 


Na^'O 

9-34 = 100-78 


whence Liidecke deduces the formula 3Na"Si03.6E''Si0‘*.3A12Si-''0».Fe2Si»09, in which 
E = re, Mn, Mg, GO. 

Striiver’s gastaldite (p. 858) is completely isomorphous with glaucophane, but 
contains a larger proportion of aluminium silicate, APSi^O® (Bodewig). 


GlAITCOPHja.IWE-ROCKS. Glaucophane occiu’S, similarly to hornblende, as 
a constituent of rocks. In the glancophane eclogites of Syra, the smaragdite, which 
is an ordinary constituent of eclogites (p. 703), is replaced by glancophane. Glau- 
cophane-slato also occurs in Syra, together with mica-slate containing glaucophano 
as an accessory constituent. 

Glaucopham-colo(/ifo consists principally of glaucophano, omphacite and garnet, 
with muscovite and quartz as secondary constituents, and approaching nearly to tlio 
eclogites of von Drasche. The mica-dafe is found in two moditications, one consisting 
of parallel layers of muscovite and quartz, with numerous glaucophano prisms and 
small garnets as accessories ; the otlior is quartzoso, consisting of many layers of 
quartz one meter thick, separated by thin films of muscovite, the accessories glauco- 
phano and garnet being isolated. The cdor/ lie-mica -date unites tlio constituents of 
glaucophane-eclogito and mica-slato. It consists of thin parallel layers of muscovite 
enclosing ellipsoidal quartz-masses, together witli glaucophano, omphacite and garnet. 
GlaacO'i)hane-date was formerly described as a (list hen e-roek, but is now found to consist 
of parallel layers of glancophane separated by white or greenish muscovite, with 
epidotc and hematite as accessories. Virlot described rocks intermediary betwtum 
ghiucopha.no-cclogito and glaiicophane-slato (poor in mica), to which Liitlccko 
assigned the names omphacite-zoisitc-gabbro a,u(l opidote-glaucopliano. The first 
consists of omphacite and zoisito, has a granular structure, with tale, muKSCovite, 
cpidoto, tourmaline and calcito as accessories ; the second is a granular mixture of 
cpidote and glaucophano, with omphacite, zoisito and garnet as accessories. Glmwo- 
^kane-zoisite-owphacite roch consists of the three minerals included in its name ; there 
is also a slate having the same composition. 8ma.rarfUc-chloritc Toch is a granular 
mixture of smaragdite and chlorite with glaucophano, epidoto and garnet. The 
crystalline limestone which covers the luica-siato contains m-ica and glancophane 
(Liidecke). 


GliXrciC ACXE. From tho experiments of Grgto a. Tollons {Lkhig's Annakn, 
elxxv. 181) it appears that tho acid thus named by Mulder (ii. 848) has no separate 
oxisteneo. His acid calcium glucato is identical with calcium levulinato, CHT'CaO® 
(see Levulinic acid) ; and the other salts which he describes as calcium glucatos 
appear to bo derivatives of a carbohydrate, and to bo formed by the action 

of caustic lime on dextrose. 


GIiU’ClWITM or BERYIiliTOM. Tho atomic weight and specific heat of 
this metal are still under discussion. J. Emerson Eeynolds (PM. Mag, [5], iii. 38) 
has determined, by means of a very delicate alcohol-thermometer, the weight of 
glncinum which at 100° contains the same quantity of heat as 108 parts (1 atom) of 
silver. This weight he finds to be 9-2, which therefore, according to the law of 
Hulong a. Petit — that the atomic weights of all bodies in the solid state contain tho 
same quantities of heat — must bo the atomic weight of gluciiium ; and since tho 
equivalent number of glucinum is 4-6 (ii. 852), it follows that glucinum must bo a 
dyad, its chloride being GCl- and oxide GO. This result is in accordance with tho 
periodic law of the atomic weights of tho elements {2nd Biagigl. 462). 

On the other hand, Nilson and Pottersson {Bcut, Chem. Gcs. Ber. xi. 381) have 
determined, by means of Bunsen’s ico-calorimeter, tho specific heat of glucinum 
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obtained by reducing the chloride "with sodium in an iron cylinder. The metal thus 
prepared contained 87’09 per cent, of pure glucinum, the rest being made up of 
glucinum-oxide, iron, and silica. Corrections having been made for these impurities, 
the specific heat of the pure metal bet'ween 0® and 100'^ was found to be 0*4079, which 
is about two-thirds of that determined by Keynolds. According to this result, the 
atomic w.eight of gluci|^um should be 3 x 4-6= 13*8, and the metal should be trivaleut, 
the chloride being GCP and the oxide G”0^, as originally supposed by Berzelius. 

With this atomic weight, however, it is difficult to assign to glncinum any place in 
the periodic series, and on this account Lothar-Meyer {Deut. Chem, Gts. Bcr. xi. 
576) considers it most probable that, if glucinum be really trivalent, its equivalent 
4 6, determined by Awdejew (ii. 852) is too high, and that its atomic weight, instead 
of 13*8, should be between 11 and 11*15, giving it a place in Meiidelejeff’s table 
between boron and carbon. With this atomic weight it would form the first member 
of the aluminium group, separated by the regular difference of 16 from the next 
rnember, viz. aluminium (27*3). Boron, hitherto placed in the same column with 
aluminium (see table, 2nd SuppL 463), would then form the first member of a special 
grcmp, so that between the alkaline earth-gronp and the nitrogen-group there would 
in future be, not merely two, but at least three groups, headed respectively by boron, 
alumimnn!? and carbon. 

Another point noticed by Lothar-Meyer as of some importance in deciding the 
question as to the atomic weight of glucinum is that the atomic heat of oxygen, if 
calculated from the difference between the atomic heat of trivalent glucinum and the 
molecular heat of its oxide, comes out equal to 2*0 instead of the usual value 
ran^ng from 3*5 to 4*8 (Kopp, LieMg's Amialen ; Zrd Suppl. 290). This anomaly is 
unfavourable^ to the view which regards glucinum as a triad. 

The glucinum prepared by Nilson a. Pettersson, which, as already observed, was 
contaminated with silica, iron, and glucinum oxide, formed prismatic crystals, partly 
microscopic, and having the colour and lustre of steel. Its sp. gr. at 9° was 8*9101, 
whence, by calculation, that of the pure metal was found to be 1*64. Glucinum is not 
altered by contact with the air, neither does it decompose water. It dissolves in dilute 
acids and in caustic alkalis, with evolution of hydrogen. It is not attacked by oxygen 
or sulphur even at a red heat, but burns when heated in chlorine. 

Glucinum iodide, mixed in solution with an equivalent quantity of bismuth or 
antimony iodide, forms double salts which, when left to evaporate for a few days over 
sulphuric acid, are obtained in well-defined crystals having the form of elongated 
prisms ; they are, however, so hygroscopic as to preclude the possibility of exact 
chemical^ or crystographical examination. Aluminium iodide yields similar double 
salts, which, however, form tabular crystals (A. Welkow, JDeut. Chem.. Ges. Bcr. vii. 
803). 

Glucinum Palladio so chloride, GCP.PdCP + 6il‘0, is obtained in deep-brown, 
very hygroscopic tabular crystals, by leaving a mixture of the concentrated solutions of 
its constituent chlorides to evaporate over sulphuric acid. It is also formed, with evo- 
lution of chlorine, by heating a concentrated solution of glucinum palladioehloride, 
GCP.PdCl*. It is soluble in water and in alcohol (Welkow). 

Gliicimim Platinochloride,Q^Cl^.PiQl\cryBt 2 llkQS with 8H‘0, according to 
Marignac (A. Arch. ph. nat 1870, 374), Welkow Chem. Ges. Ber. 1873, 1288), 
and Thomsen {ibid. 1874, 75), not with 9H-0, as formerly stated by Thomsen (2 ^e(^ 
Suppl. 558). Marignac confirms the observation of Thomsen that the crystals belong 
to the quadratic system, and finds that the angle of the terminal edges of the octohedral 
crystals is equal to 115°. The constitution of this salt is regarded hy Nilson (Beut. 
Chem. Ges. Ber. ix. 1056, 1142) as tending to show that glucinum is a dyad metal, 
inasmuch as metals of higher quantivalence do not appear to form normal, but only 
basic platino-chlorides, and the decidedly trivalent metals, such as bismuth, arsenic, 
and antimony are not known to form platinochlorides at all. 

GXiUCOKrXC ACXXft, This acid, which Hlasiwetz a. Hahermann 

obtained by the action of chlorine-water on glucose- or on cane-sugar {^nd JSuppl. 559) 
may also be produced, together with dextronie acid, by the action of bromine-water 
and silver oxide on starch. The product of the oxidation, saturated with calcium 
carbonate, yields calcium dextronate, and with barium carbonate, barium gluconate, 
which, on evaporation, dries up to a gummy mass, subsequently yielding acicular 
crystals. Paramylum treated in like manner, yields, on neutralisation with baryta, 
the barium salt of dextronie acid, and, with lime, a salt which, from its composition, 
solubility, and amount of crystallisation-water, appears to contain an acid isomeric 
with dextronie and gluconic acids. The free acids are obtained as sour colourless 
syrups, but gluconic acid may be subsequently crystallised. The acid from paramylum 
is converted by the action of bases, such as baryta, into dextronie acid, and the latter 
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bjT tlie furtlier action of tho base, appears to bo transformed into gluconic acid 
(Habermann, Liebig's Annalen, cisxii. 11). 

OZiXrCOSB. See Sugars. 

aiilTTAMlC or AMIBOGXiUTARlC ACID, O’H^NO^ = 
See Glutaeic Acid under PyROTARTA'iuc Acids. 

GDVTAIsrXC or OXYGXiDTARIC ACID, = CH(0H)(pn2.C02H;)2. 

See PXROTAETAEIC ACIDS. 

GZiVTAKXC ACID. Syn. with Normal Pteotartaeic Acid 

GDirTlW. See Peotbids. ^ 

GXrYCSRAniXia'D (TRXMBTHYli-), C‘5H^‘’NO- = C3H®(CH3)-'’NO-, is formed 
by heating monochlorhydrin with trimethylamine till the odour of the latter is no 
longer perceptible. On adding to the resulting liquid a concentrated solution of 
platinic chloride, and leaving it at rest, ammonium platinochloride separates out, 
and the liquid filtered from this precipitate and evaporated, yields a crystalline mass, 
whilst the mother'liquor retains an uncrystallisable substance which is frecipitated 
by alcohol, and appears to be the platinochloride of monomethyl-glycoramine. The 
crystalline mass, purified by pressure and recrystallisation, yields the ‘platinoclilorido 
of trimethyl-glyoer amine, (C®H^^NO-.HCl)-PtCr^ in orange-coloured tablets apparently 
belonging to the orthorhombic system. These crystals are soluble in water, either 
hot or cold, and the aqueous solution is not decomposed by boiling. They are insolu- 
ble in alcohol, and give off hydrochloric acid in a vacuum. The hydroGhloridc, obtained 
by decomposing the platinum-salt with hydrogen sulphide, is’ a colourless, syrupy 
liquid, which, when treated with silver oxide, yields the corresponding hydroxide 
(Hanriot, Co7)ijyt, rend. Ixxxvi. 1335). 

GXiYCXSRXC ACID, CH^OH.OHOH.COOH, or, according to Wisli conus, 

CH^OH — COH — OHOH {2,nd Su^pL 719). According to E. Mulder (Dmt. Clmu 

(ores. Bcr, ix. 1902), this acid is best prepared by mixing 50 grams of glycerin (com- 
mercial) with 50 grams of water in a large glass tube, placing this in a cellar, and 
adding, by means of a funnel reaching to the bottom, 50 grams of fuming nitric acid. 
After three or four days the contents of three such tubes are slowly evaq)orated on 
the water-bath down to about 270 grams, and the syrupy mass thus obtaiiual is pre- 
served in a flask allowing the escape of the gas, which is slowly given off. 1020 givims 
of the syrupy mass are next mixed with 11 litres of water in a tinned copper vessel, 
2400 grams of white load are gradually added, and the mixture is loft to stand for a 
day. The vessel is then warmed, with constant stirring, to 61 ”-05°, and k(‘pt at tills 
temperature for two hours. The liquid is decanted and allowed to deposit crystals, 
the mother-liquor added to the solid mass, the water lost by evaporation replaced, 
and the operation repeated two or three times. The lead salt thus obtained is almost 
colourless, and, for ordinary purposes, need not bo rocrystallisocl. 

When glyceric acid is distilled in a retort over an open flame, and the distillate is 
treated with hydrogen sulphide, an acid is obtained which crystallises in large c.olonr- 
less laminae, melts at 83°, and agrees in composition with the formula C^11''()''.2TI"0. 
Its harkm salt has the composition 0®H‘‘Ba0'‘.3H-0 (Bottiiiger, Bent. Chem. Cres. Bcr. 
X. 266). 

Glycerates. — strontium (C®H^O'‘)“Sr, obtained by saturating the acid 
with strontium carbonate, separates after a while, on adding a little alcohol to 
the solution, in groups of crystals, nearly insoluble in cold, easily soluble in hot 
water. Alcohol precipitates it as a crystalline powder. The magnesium salt, 
(G^H^O‘^)“Mg 4- separates from very concentrated solutions in stellate groups 
of small crystals, which quickly effloresce on exposure to the air. It dissolves very 
easily in cold water and with moderate facility in alcohol; becomes anhydrous at 100°. 
The cop'per salt, (C“H®0*)“Cu, prepared by boiling the load salt with cupric sulphate, 
and purified by repeated crystallisation, has a fino sky-blue colour and brilliant lustre. 
It dissolves somewhat sparingly in cold, easily in hot water. By iirolonged heating 
in moderately dilute solution, it is decomposed, with separation of cuprous oxide, am I 
the liquid separated .therefrom and concentrated over sulphuric acid, yields a verdigris 
green salt easily soluble in cold water and alcohol. Cupric glycerato is precipitated 
by alcohol from its concentrated aqueous solution in the form of a pale blue crystalline 
powder. The copper is not completely precipitated from it by potash. The manganous 

(C^H^0'‘)2Mn -I- 3H'0, prepared like the copper salt, forms small, hard, shining 
crystals, sometimes united in spherical groups. It dissolves in water and in dilute 
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alcoliol. It gives off water on exposure to the air at ordinary temperatures, and ' 
more at 100°, the total loss tlien amounting to 1 moL At a higher temperature it 
gives off 1|- mol. more, and assumes a peach-hlossom colour, and at 120° it begins to 
decompose! The solution of the peach-blossom coloured salt, (C^H^O'*)^Mn + 
in a small q^uantity of water, yields, after a while, the blue ci 7 stals of the tri-hydrated 
salt (K. Garzarolli-Tj^urnlak, Liebig's Annalen, clxxxii. 190).^ 

Glyceric Anhydride, separates from an aqueous solution of glyceric 

acid, evaporated at 100° and left at rest, in microscopic crystals, and on recrystallisa- 
tion from %^ater, in slender six-sided needles. It is insoluble in cold alcohol and in 
boiling ether, but dissolves in 647 parts of boiling water, by which, moreover, it is 
very slowly reconverted into the acid (Sokoloff, Lent. Olieriu Ges, jBer. xi. 679). 

GZiySerzc AXiRBHVBB, C“H3(0B:)-.C0H (A. Eenard, Co7np, rend, 

Ixxxii. 562). This compound is formed by the action of electrolytic oxygen on glycerin 
suspended in dilute sulphuric acid. Hydrogen is evolved at the negative pole, and at 
the positive a mixture containing 3 per cent. CO^, 33 percent. CO and 64 per cent. 0; 
and on adding calcium carbonate to the liquid after forty-eight hours, to remove formic, 
acetic, and glyceric acids, then filtering, distilling, and leaving the distillate to evaporate 
over snlj^uric acid, and drying, a white amorphous residue is obtained, consisting of 
hydrated glyceric aldehyde, 4G^H®0® + H-0, slightly soluble in water, nearly insoluble 
in alcohol and in ether, melting at 71^-72° boding and subliming at 130°-135°. 

Griyceric aldehyde reduces ammoniacal silver nitrate , yields with oxidising agents 
(chromic acid, nitric acid, potassium permanganate, silver oxide) formic or acetic acid ; 
by electrolysis, formic acid and a mixture of CO and CO- ; and when treated with 
sodium-amalgam and water is apparently converted into glycerin. 

When a solution of glyceric aldehyde is treated with mnmoiiia, the mixture 
evaporated, and the dry residue repeatedly crystallised, crystals are obtained, very 
soluble in water, but insoluble in alcohol and in ether, and having the composition 
O^H°N-. This compound sublimes at 120°-130° without previous fusion, is reconverted 
into glyceric aldehyde by sulphuric or hydrochloric acid, but is not attacked by a 
boiling solution of sodium carbonate. 

Glyceric Thio aldehyde, C^H®S-O.H-0, is formed by the action of hydrogen 
sulphide on a solution of glyceric aldehyde heated to 60°-80°. It ifas a waxy appear- 
ance, melts at 80°-82°, boils at 180°“185°, dissolves sparingly in cold, very easily in 
hot water, but is insoluble in alcohol and ether (Eenard). 

GXiVCBRXKT, O^EXCH)**. Synthesis, Eriedel a. Silva {Comj^t. rend, 

Ixxvi. 1594) have prepared glycerin synthetically from propylene chloride, obtained 
without the intervention of any allyl-compound or other derivative of glycerin itself. 
Propylene, C®H®, prepared by converting acetone into pseudopropyl alcohol, and 
heating the latter with zinc chloride, was passed into a concentrated solution of 
iodine chloride ; the propylene chloriodide thereby produced was suspended in water, 
and chlorine gas was passed into the liquid, till the iodine at first precipitated was 
redissolved ,* and the pure propylene chloride thereby obtained was heated in small 
quantities with dry iodine chloride to 140° in sealed tubes for eight hours, the tubes 
being opened after a while to allow the escape of hydrochloric acid, then sealed up, 
and again heated for eight hours to 140°. To remove the excess of iodine, the con- 
tents of the tubes were mixed with water, and chlorine passed into the liquid till the 
whole of the iodine was dissolved in the water as iodine chloride. The product 
(145 '9 grams) separated from the water and dried, yielded on fractional distillation 
18*8 grams of impure tri chi or hydrin (boiling point 150-160°), containing about 
50 per cent, of tetrachloropropane. The formation of the trichlorhydrin may be 
represented by the equation : 

C^H^Cl- + 2C1I = HCl -{- E + esH-OP. 

The impure trichlorhydrin heated with water to 180° yielded a small quantity of 
glycerin, which was recognised by conversion into acrolein and allyl iodide. 

Properties. — The crystallisation of glycerin at low temperatures has already 
been mentioned (Isi Suppl. 638). According to E. Nitzsche {Pingl, pol. J. ceix. 145), 
a method of obtaining glycerin in crystals was discovered by llraut in 1870.^ This 
method (which is not described) is applied in the works of Sarg and Co. at Liesing, 
near Vienna, to the purification of glycerin, the crystals being freed from adhering 
mother-liquor in a centrifugal machine, then dried and melted. These crystals are 
described as monoclinic, absolutely colourless, having a pure sweet taste, very highly 
refractive, and molting at 20° to glycerin having a density of 304 Bm. According 
to V. von Lang, on the other hand {Pogg, Ann. clii. 637), these crystals are ortho- 
rhombic, with the axial ratio alb , c*: 0*70 ; 1 : 0-66. They are very deliquescent. 
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JP. van Hamel Roos {QUin. Soc, J, 1876, i. 651) describes crystallised glycerin 
(56 lbs.) v^hich appeared to have been solidified by the agitation of railway transport 
during the low temperature of January 1876. The crystals were monoclinic, colour- 
less and had a pure sweet taste. On putting some of them into ordinary _ good 
glycerin, splendid crystals began to form, most of the impurities remaining in the 
mother-hquor. The crystals melted at 60° F., and the densit^jf of the liquid at this 
temperature was 1’261' According to A. Winkelmann (Poyy. Ann. cliii. 481), the 
density of glycerin is 1*220, and its specific heat 0-612. According to Opponhoim a,. 
Salymann Clicm. Ges.BeT.VA. 1622), the corrected boiling point ^of glycerin 

under 755-55 mm. pressure is 200*08°. 

Moderately concentrated glycerin heated to 150° burns with a blue flame, and 
may be burnt from a wick, without odour or residue (R. GodefFroy, ihid. (A5G6). K. 
Sobering {Dingl. pol. J. eexv. 287) observes that glycerin does not rise high in a wick. 
Its flame is colourless, and therefore well adapted for experiments on flame-coloration. 

Beactions. — 1, Glycerin heated with zinc-dust yields, together with an oil, a 
mixtm'e of hydrogen and propylene, the bromide of which boils at 142° (Kerstein, 
Beut, Chem» Ges. JBer. ix. 695). 

2. When glycerin is somewhat strongly heated for several hours with sodium 
sulphide, a liquid passes over, which, on fractional distillation, yields, togt/thor with 
products of higher boiling point, an ethereal liquid having an alliaceous odour, a 
density of 0-825 at 15°, and boiling at 58°. The alcoholic solution of this liquid is 
precipitated white by auric chloride and mercuric chloride, light yellow by silver 
nitrate, orange-yellow by lead acetate. It is violently attacked by nitric acid. Mer- 
curic oxide dissolves in it, and on adding the oxide to saturation, the liquid separates 
into two layers, the lower of which solidifies to a crystalline mass. The crystals thus 
obtained dissolve easily in ether and in carbon bisulphide, and the compound crystal- 
lises from it in silky needles molting at 35° (Schlagdenhaufen, Compt. mid, Ixxvi. 1021). 

3. When glycerin is heated in a retort with aluminium-foil u,nd iodine, the latter 
being gradually added, an oily liquid containing iodine passes over at 200°, and on 
washing this liquid -with water, dissolving it in alcohol, iind shaking the solution willi 
mercury, a yellow morcury-allyl iodide, O'dPHg.T, is formed, which dissolves in wn,rm 
alcohol, and separates therefrom, on cooling, in shining nearly white scales w'hich 
quickly turn yellow. The alcohol from which the mercury-compound li.id stspuratih 
gave' no precipitate with wmter, thereby showing the absence of pscn{lopi' 0 ]\yl iodide. 
The end-reaction of aluminium iodide with glycerin may Ihoi’crore be i-rpresciited by 
the equation : 

2cm%oiiy + App =: 2cm^i + Ar-o« -t- + 21 ^ 

analogous to that which represents tho reaction of glycerin with phosphorus iodide 
(Hodgkinson, Okem. News, xxxv. 237). 

4. Glycerin heated formic acid is reduced to allyl-alcohol : 

+ HCOOH == C=’HbOH -i-'co- -i- 2IPO 
(Henninger, Bull. Soc. dim. [2], xxi. 242). 

5. When glycerin (2 pts.) is heated fur some time to 120°~130° with phenol 
(2 pts.) and sulphuric acid (3 pis.), tho mixture assumes first a yellow, then a 
yellowish-red, and finally a dark red colour; and on dissolving the thick mass alt or 
cooling, in water, a brownish-yellow liquid is obtained from which hyilrochlorie acid 
throws' dowm a colouring matter easily soluble in water and in alcohol, spa,ringly 
soluble in ether ; it does not crystallise from these solutions. It is coloured a flue 
red by alkalis aud by salts having an alkaline reaction, and forms lakes with baryta, 
alumina, lead oxide and other oxides. Heated with aniline, it is converted into a rod 
colouring matter which acquires a violet-red tint when treated with ammonia. Similar 
bodies are obtained with pyrogallol and thymol (0, Reichl, Bmt. Chem. Gcs. Ber. 
ix. 1429). 

6. Conversion of Glycerin into Acetone.— 'Nhm dichlorodibromacetone, obtained by 
the action of bromine on dichlorhydrin {2nd Suppl. 14), is digested for several weeks 
at a temperature not exceeding 40° with water and granulated zinc, the action being 
assisted at first by addition of a little sulphuric acid and gentle heating, a liquid is 
obtained which, when distilled and dehydrated with calcium chloride, yields acetone, 
together with a brominated compound. The acetone may be separated from the latter, 
by combination with sodium bisulphite. The reduction of the dichlorodibromiicetone 
to acetone may also be oifected by hydriodic acid (0. Lange, Beut. Chem. Gcs. Ber. 
vi. 98). 

7. Conversion into Gkeose.-— Glycerin is oxidised to glucose by tho action of 
potassium permanganate in sunshine, or by chromic acid mixture : 

2C»H80'‘ + 0“ = + 2H‘0. 
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G-lycerin is also converted into glucose when placed in contact with iron which* is 
undergoing oxidation by the action of air and water, the oxidising action being as dt 
were transferred to the glycerin ; and hog’s lard similarly treated is resolved into 
fatty acid and glycerin, which is then oxidised to glucose (Kasmann, Bull, Soc, Chim, 
[2], xxvii. 246). 

8. Fermentation. — Qn the fermentation of glycerin induced by the action of 
schizomycetes, see p. 776. * . 

Detection and Estimation of Grlycerin. — When certain acid borates, 
common borjlx, for example, are dissolved in glycerin, the glycerin does not merely 
act as a solvent, but decomposes the borate, setting free a portion of the boric acid, 
which is then capable of imparting the well-known green colour to flame. This 
reaction may be used as a test for glycerin in water, wine, beef, milk, &c. The 
liquid is first made neutral or slightly alkaline (the presence of free acids would of 
course vitiate the test), and a borax bead is dipped into it, left at rest for a few 
miniites so as to allow solution to take place on its surface, and then held in the 
Bunsen flame in the usual way. Another and more delicate method is to place a 
little pounded borax on a watch-glass, pour on it some of the faintly alkaline solution, 
stir with a glass rod, and introduce some of the mixture into the flame by means of 
a looped pl^inum wire. In either case the green colour will appear more or less 
distinctly, if glycerin be present in sufficient quantity. The same reaction is produced 
by erythrite, and apparently also by glycol, but these compounds are not likely to be 
present in any liquid which is to be tested for glycerin. Ammoniacal salts have also 
the power of decomposing borax {2nd Stippl. 208), and must therefore be eliminated 
previous to the application of the test (Senier a. Lowe, Ckem, Soc, J, [1878], xxxhi. 
438). 

Estimation. — The amount of pure glycerin in commercial samples^ contaminated 
with ethers, fatty acids, &c., may be determined by treatment with a mixture of nitric 
and sulphuric acids, whereby the foreign substances are converted into soluble nitro- 
compounds, while the glycerin is converted into insoluble nit.roglycerin, which 
may be washed with water, dried over the wator-bath, and weighed. To facilitate 
the drying, the nitroglycerin is previously mixed with an equal weight of methyl- 
alcohol, the vapour of which easily carries off the water. 100 parts of pure glycerin 
dried in a vacuum at 120°-lo0° yield 190 parts of nitro-glycerin (Champion a. Pellet, 
Bull. Soc. Chim. [2], xix. 493). 

For the estimation of glycerin in loine, Macagno {Dinghy ^ol. J. eexvi. 95) digests 
a litre of the wine with recently precipitated lead hydroxide ; evaporates the liquid 
on the water-bath, then adds a further quantity of lead hydroxide ; exhausts the mass 
with absolute alcohol ; and precipitates the dissolved lead by a stream of"' carbon 
dioxide. The filtered liquid when evaporated leaves nearly pure glycerin. 

nxetallic Glycerides (J. Puls, J. pr. Chem. xv. 83). Various metallic salts are 
dissolved by mixtures of glycerin and caustic alkali. When glycerin is mixed mth 
ferric chloride and potash in certain proportions, a clear solution is formed, which, 
after a time, depending on the proportions of the mixture, siiddeifly begins to deposit 
ferric hydroxide, the precipitation going on till no more iron is left in the liquid. 
Strong solutions of this kind are of a cherry-red colour, and are only partially precipi- 
tated on heating ; in dilute solutions, on the contrary, the precipitation is complete. 
Carbonic acid, in all cases, precipitates the iron comifletely ; potassium siilphide also 
precipitates it, except in presence of a largo excess of glycerin. These reactions are 
exhibited by all ferric salts, including the phosphate. When solutions from which 
the ferric oxide has been precipitated by heating, are evaporated to dryness, the residue 
dissolves completely in w^ater, and the solution still retains the property of ‘ coagulat- 
ing,’ that is, depositing the iron as ferric hydroxide. 

The facility with which this so-called coagulation takes place depends upon the 
proportions of the mixture. With glycerin, ferric oxide, and potash, in the molecular 
proportion : Fe^O® .* KHO = 1:1:1, no action takes place. With 3:1:1a 

solution is formed from which all the iron is precipitated by carbonic acid, or on 
dilution with water. The larger the proportion of glycerin, the more slowly does 
precipitation take place ; with the proportion 6 : 1 : 1 it takes place after two months 
only ; and with 12 : 1 : 1 no alteration is apparent even after five months. The pro- 
portion 3:2: 1 yielded a perfect solution, which, however, soon became gelatinous, 
and solidified so completely that it could be cut in pieces. With 3:2:2 the solution 
remained complete for six hours : hence potash appears to retard the coagulation. 
With 3 : 3 : 1 no iron is dissolved; 3:3:2 gives a clear solution which immediately 
solidifies ; so likewise with 3:3:4 and 3:3:5. With 3:4:3 and 3 : 5 : 3 no 
alteration was perceptible. 

From these results Puls infers that the ferric hydroxide in these solutions is in 
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tife so-called colloidal state. He finds, indeed, that solutions containing glycerin, 
fierric oxide, and potash in the proportion 3 : 1 ! 1, and 79 per cent, water, which 
coagulated spontaneously after some time, behaved towards reagents, as carbonate or 
chloride of potassium, &c., in the same manner as colloid substances, being, in^ fact, 
suddenly brought by those reagonts to the state of coagulation.^ The coagulnhion of 
the solutions employed in the experiments above described mav tlioroforc bo attributed 
to the action of the potassium chloride which wn,s present iii all of them. Tlio coagula- 
tion is also very *qiiickly induced by sulphate, chlorate, nitrate, acetate, a,nd tartrate 
of potassium, either in solution or in crystals; also by cortain insoluble substances, 
as calc-spar, fluor-spar, witherito, and hoavy-spar. ^ 

Uranium solutions and coj^per solutions react with glycerin and potusli in the same 
manner as iron solutions. Experiments with mprie ohloride showed l.h;d the sulvcmt 
power of glycerin varies with the dilution of the liquid, as well as with tmo proportion 
of alkali. This is seen from the following tables : 


Table I. 


Table II, 


1 mol. glycerin and 1 mol. KOH 

1 mol. glycerin and 2 mol. ||OH 

When 100 pts. of 
tUe solution contain 
of glycorin : 

93 pts. (1 mol.) glycei’iu 
dissolve : 

WJieii 100 pts. of 
the solution contain 
of glycerin : 

03 pts. (1 mol.) glycerin 
dissolve : 

0T9 pts. 

7 pts. CuO 

0*20 pts. 

20*4 pts. CuO 

0-19 „ 

61-4 „ 

OTH „ 

OtVl „ 

0*96 „ 

67-9 „ 

0*72 „ 

71-0 „ 

1-85 „ 

73-7 

0-90 „ 

71-i 

5-80 „ 

73-4 

l-8() „ 

73‘G „ 



2*50 „ 

74-7 „ 



4-47 „ 

75*8 „ 


Table III. 


Table IV. 


1 mol. glycerin and 3 mol. KOIT 


Wlien 100 pts. of 
the solution contain 
of glycerin : 

02 pis. (1 mol.) glycorin 
dissolve; 

Wlicu loo pts. of 
ilic siilution 
conliiiu of 
glycerin : 

02 piB, (1 iiiol.) 
glycerin 
di.sBolvc of 
(JuO : 

In prcMciu’f* of 
the following 
moloi'.ulOH of 
KH.0 ; 

0*20 pts* 

17-7 pts. CuO 

()*19 pis. 

7*0 pts. 

1 

0*48 „ 

72-2 „ 

0*20 „ 

29*4 „ 

2 

0-72 „ 

72-7 „ 

0*20 „ 

47-7 „ 

3 

0-94 „ 

73-1 

0*20 „ 

53*0 „ 

4 

1-70 „ 

73-2 

0*20 „ 

59*9 „ 

6 

2-58 „ 

71-5 

0’20 „ 

Gd-G „ 

8 

4*15 „ 

75-0 „ 




4*15 „ 

76-1 





In no case is the proportion of 79*3 pts. CuO (1 mol.) to 92 pts. glycerin (1 mol.) 
attained. It appears, however, from the first sot of oxporimonta (Tabic I.) that in a 
solution containing not less than 6-8 per cent, glycerin, 73 pts. CuO are dissolved for 
every 92 pts. glycerin present, so that the amount of glycerin contained in a liquid 
may be inferred from that of the cupric oxide dissolved by it ; and this relation may 
be made available for the quantitative estimation of glycerin. 

Bismuth solutions, mixed with glycerin and potash, exhibited reactions similar to 
the above, excepting that the quantity of bismuth held in solution was relatively 
much less. 

Baryta, simitia, and lime, dissolved in proportions indicating the formulae of the 
following compounds: Ba0.5CW0** to Ba0.6C'’iI®0^; SrO.10C=*IPO« to Sj.‘ 0.200^H«0'’; 
Ca0.3C=*H803 to 0a0.34C®H80^ 

Sodium-glycmde, C»H5(0Ha)(0H)2, which Betts obtained by the action of sodium 
on glycerin {2nd Supph 664)> crystallises from methyl alcohol in scales and nodules* 
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Its solution, mixed with cupric chloride, also dissolved in methyl alcohol, yiel3s a 
green precipitate of a copper-glyceride containing cupric chloride. 

Witroglycerin, O^H®(NO-yO^. According to S. Kern (Chem. News, xxxi. 253), 
tliis substance explodes with maximum violence at 262°. At 187° it merely gives off 
red fumes, and at 291° a very slight explosion takes place. 

The blasting oils ^ commerce are usually mixtures of tiinitro-glycerin with the 
mono- and the dinitro-derivatives. For the analysis of these products, Ph. Hesse 
{Zeitsohr, anal. Chem. 1874, 257) employs a modification of Dumas’ combustion pro- 
cess, the m&turo of the oil with cupric oxide being placed in a long combustion tube, 
and protected by a screen of tin plate during the expulsion of the air of the tube by 
the stream of carbon dioxide, and the combustion regulated as far as possible, so that 
the succesii*ve portions of the finely-divided blasting oil may be brought to the tem- 
peratm’e required for combustion, only by the action of radiant heat. A simpler, and 
at the same time very exact method is to treat the blasting oil with alcoholic potash, 
whereby it is exactly decomposed into glycerin and potassium nitrate, in which the 
nitrogen may be estimated by the usual methods (Hesse). According to Sauer a. 
Ador, on the other hand {Deut. Chem. Ges. Ber. x. 1982), the amount of nitrogen 
obtained b^^ this latter method is always too low. By Dumas’ method they obtained 
from dynamite cartridges 18*35 to 18*62 per cent, nitrogen, answering to pure dinitro- 
glycerin, whereas by decomposition with alcoholic potash they obtained only 12*3, 
12*5, and 13-14 per cent, nitrogen. 

Chlorliydrins. 1. MonooTilonhydrin, C®H’'C10‘ = G3H^(0H)-C1.— Of this 
compound there are two modifications, viz. : 


XJnsymmetrical 

CH^Cl 

CHOH 

CH^OH 


Symmetrical 

CH^OH 

I 

CHOI 


Both these bodies are formed by heating glycerin with hydrochloric acid. The first, 
discovered by Berthelot in 1854 (i. 813), boils at 227° under ordinary pressure, at 
139° under a pressure of 10 mm. of mercury, and is converted by nascent hydrogen 
into ordinary propyl glycol, CH^ — CHOH — CH^OH. By treatment with potassium 
cyanide (exchange of Cl for ON) and subsequent saponification (O.OH for N), it is 
converted into an acid, C‘H®0‘, having the constitution OH-OH — CHOH — CH" — CO OH. 
This acid is a yellowish liquid which, when evaporated, appears to yield an anhydride 
analogous to lactide. Its salts crystallise with difficulty. 

The second chlorhydrin occurs in small quantity amongst the higher-boiling por- 
tions of the product, and passes over on distillation in a vacuum between 145° and 
160°. After rectification it boils at 146° under a pressure of 10 mm. It is probably 
identical with the compound which Henry obtained {Beut. Chem. Ges. Ber. vii. 409) 
by the action of hypochlorous acid on allyl alcohol, OH^:::::=OH — CH-OH + HOC! — 
CH-OH— CHCl — efrOH, and should be converted by nascent hydrogen into normal 
propyl glycol ; but in all the reactions to which it has been subjected it yields a large 
quantity of polyglycerins (Hanriot, Comjit. rc'tid. Ixxxvi. 1139 ; Ball. Soc. Chim. [2], 
xxvii. 256). 

Monochlorcthylin, CH^OH — CHCl — CH^ — OC^H^ produced in like manner by the 
action of hypochlorous acid on ethyl allylate, is a tliickish colourless liquid, of fruity 
odour and sharp taste, having a density of 1*117 at 11°, boiling at 183°. 

Monochloracetin, OH^OH— CHCl— CH^OC^H^O, from ethyl acetate and hypochlor- 
ous acid, is a thick colourless liquid having a refreshing odour and bitter taste, a 
density of 1*27 at 9° and boiling at 230°. 

Chlorohromhydrin, CH^OH — CHCl — CH^Br, from allyl bromide and hypochlorous 
acid, is a colourless liquid which turns brown on exposure to light, has a density of 
1*764 at 9°, and boils at 197° ? and the isomeric compound, CH^OH — OHBr~CH"Cl, 
from allyl chloride and hypobromous acid, has a density of 1*759 at 11°, and likewise 
boils at 197°. When treated with nitric acid, it is converted, first into nitrochloro- 
b r 0 m h y d r i n, C^’H^OlBrNO^ := CH ‘0(H 0-) — CHBr— CH-Cl, and then into a c h 1 o r o - 
bromopropionic acid, CH^Cl— C^r — CO-H, which melts at 37° and boils at 215"’. 
A third compound, isomeric with these chloro-bromhydrins, is the secondary alcohol, 
CH-Cl — CHOH — CH^Br, which Eeboul obtained by the action of hydrobromic acid 
on epichlorhydrin (ii. 808), (L. Henry, JDeut. Chem. Ges. Ber. vii. 409, 757). 

hi chlorhydrin, C^H®CP(OH), likewise admits of two modifications, one un- 
symmetrical and having the constitution of dichlorinated normal propyl alcohol, 
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CffCl— CHCl— OH^OH; the other symmetrical, and haying the constitution of di- 
cfilorinated pseudopropyl alcohol, CffCl— CHOH— CH^Cl. The latter is the ordinary 
dichlorhydrin, which jBerthelot obtained by heatiiig glycerin with hydroeld one acid 
(i. 893) ; the former is produced by the action of hypochloroiis acid on allyl chloride : 

OE-=Cll—GmGl + ClOH - OH-Cl— OHOH— OH-01, 

and appears also tabe'formcd in small quantity in the preparation of ordinary dichlor- 
hydrin (2nd Sitppl. 317). The nnsymmotrieal modifiiailioii is converted by oxitlaiioii 
into dichloropropionic acid, the symmetrical into dicliloracotone (Henry, cU?) 

EjpicliloTJiydnii and Ejpicyanhydrin^ sec pp. 734, 735. 

Trinitrin or Trinitropropane, C^H°(NO“)^, is formed by distilling Iribrom- 
hydrin (from allyl iodide) with silver nitrite. Treated with yields a 

brownish product, which has not been obtained pure. Alcoholic potash converts 
trinitrin into a tripotassie salt w'hich separates as a white powder, and may bo purified 
by washing with alcohol or by reciystallisation from water. Trinitrin, treated with 
iron and acetic acid, is converted into glyceryl-triaminc, OTr’(NH-)'* (Bracke- 
hiisch, Ckem, G-es. Ber, vi. 1289). 

GZiVCBRYXi OXXBX: or GXiVCERYXi ETHER, (C3H°)‘0». Thisriompound, 
which Linnemann a. von Zotta obtained by heating glycerin with calcium chloride 
(2nd Suppl. 565), has been further examined by v. Zotta (Liebiy’s Annale?i, clxxiv. 87). 
To prepare it, glycerin (300 pts.) is distilled in a capacious retort with calcium chloride 
(45 pts.), previously dried by heating at 190° till the mixture bocomos viscid and 
begins to froth over. The distillate is then cautiously boated over an open llanio to 
romovc volatile products, the rosidno is exhausted with other, and the ether Icd't In 
evaporate. The extract, snb-jected to fractional distillation, yields a liquid I)oiling 
between 160° and 210°, wdiicii, 'when shaken wdth strong potash-loy to nanovo phenol, 
leaves an oil w'hich floats on the surface, and may bo dried over potassinni enrbonate. 
The caustic potash solution also yields to ether a certain qnanlily of this oil, whieli, 
after evaporation of the ether, maybe iiiutcd to the first portion and reel,ifiod, whereby 
impure glyceryl oxide is obtained boiling between 168° and 175°. A furlher quantity 
may bo obtained by similar treatment from the fractions of the crude product boiling 
botw’cen 150° and 280°. The whole may bo purified by a few ri'ctiflcations. 

Glyceryl oxide is a colom‘los.s liquid, oily a.nd nearly inodorous at ordiiuiry l.cmi- 
peratui’cs, miscible in all proportions with ether, alcohol, and walur, liaving a, donsily 
of 1*16 and boiling-at 171°~173°. Boated with water in a sealed tube to 100°, it is 
converted into glycerin, and at 140° a brown substance is produced. With bromine 
it yields dihromhydriii, C'’II-*Br*(OH). It is not attacked by sodium-amalgam. 
Heated wdth chromic acid mixture^ it yields a distillate containing foi’mic acid and 
acetaldehyde. 

GEYCERVXi-PHOSPHORXG ACXB, C‘*HTO“. This acid, which was ex- 
tracted by Gobley from brain and from yolk of eggs, .and prepared by Pedouzo by the 
action of phosphoric acid or anliydridc on glycerin (ii. 891), has been furlher cxa.mi nei 
by Thudichum a. Kingzott (Chem. 8oc. J, 1870, ii. 20), who prepare it by the a(*.tiou 
of boiling baryta-water on the brain-constituent, C^-hP^NPO^'*, called by Thud id mm 
cephalin or kephaliii. On precipitating the rosxilting solution with alcohol, dissolving 
this precipitate in water, and evaporating on the water-batli, a barium salt was ob- 
tained having the composition O-dPEaPO**. The precipitate formed by alcohol in 
the .aqueous solution appears to contain both water and alcohol in combinal ion ; .al'ler 
washing with alcohol, it has the composition C‘‘lIHlaPO‘’+ H-0. The aqueous solu- 
tion of the barium salt gives with loa,d acetate a precipitate of lead ylyeerojjhosphalr, 
which, after drying, forms a hard, friable, faintly-coloured mass. TIxo acid separated 
from it hy hydrogen sulphide yields, on neutralisation with calcium carbonate and 
evaporation, a white calcium salty C^H’GaPO'^; and on precipitating the mother- 
liquor of this salt with alcohol, an acid salt is obtained having the composition 
0«H>6CaP20’'*^. 

GI.YC1DE, C’H»0» = C’ff . This compound, the alcohol 

OTOH 

of the glycidic series (ii. 895), is prepared hy heating epichlorhydrin, C*H‘’OCl, with 
potassium acetate, whereby glycidic acetate, G'^&0(OC“H^O), is obtained, as a 
mobile liquid having an ethereal odour and boiling at 168°-169°, and treating this 
compound in ethereal solution with sodium hydroxide, whereby it is resolved into 
sodium acetate and glycide. This latter, when purified by fractional distillation, is a 
liquid boiling at 161°-163°, and miscible in all proportions with v/atcr, alcohol, and 
ether. It unites with hydrochloric acid, and when he.atcd with water is converted 
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into glycerin. Acid potassinm snlpliide converts it, by dehydration, into acrollein 
(H. V. Gegerfelt, BidL Soc. Chim. [2], xxiii. 160). 

_ GI^VCOCHOXiIC ACZO. G-. Hnfner (J. GUm, [2], x. 267) prepares this 
acid by covering fresh bile in a tall glass cylinder with a layer of ether, and adding 
2 c.c. strong hydrochloric acid for every 50 c.c. of the bile. The whole then solidifies 
after a while to a crys^Uine pulp, which is drained on a filter, and the impure crystals 
of glycocholie acid which remain are crystallised from hot water. . 

GXiTCfCZlO'E. See G-lycollic Acid, Amido- (p. 879). 

_ az.YCOBirsX.YSXXr, is formed by heating glycoeine with cholic 

acid to 190°-200°, also by heating glycocholie acid to the same temperature. The 
product dissolves in alcohol, and separates therefrom as a white amorphous, chemically 
indifferent powder, easily soluble in alcohol, ether, and chloroform (J. Lang, Bull. 
Soo, Ohm. [2], XXV. 180). 

djYCOCvZSXiTs Occurrence and Formation in the Animal Organism . — 

Experiments have been made by v. Mering (linger' s Archiv. f, BhysiologiCi xiv. 274) to 
decide the question whether (as supposed by Pavy, Lock, and others) glycogen is formed 
by direct transformation of bodies introduced into the system, or whether (as supposed 
by TiffenBach and Weiss), these bodies merely contribute to the accumulation of 
glycogen in the liver by undergoing oxidation, and thus to a certain extent pro- 
tecting and sparing the glycogen. The mode of experimenting consisted in intro- 
ducing various substances into the system of rabbits and dogs, whose livers had been 
rendered as far as possible free from glycogen by previous starvation. The results 
showed that a considerable accumulation of glycogen in the liver is induced by the 
assimilation of grape-sugar, cane-sugar, milk-sugar, fruit-sugar, inulin, lichenin, 
glycerin, arbutin, gelatin, and proteids (egg-albumin, fibrin, casein), whereas after the 
introduction of inosito, mannite, quercite, erythrite, and fats, no appreciable quantities 
of glycogen are found. These results seem to show that the formation of glycogen 
is a direct consequence of the transformation of certain substances introduced into 
the organism. The glycogen obtained after feeding with carbohydrates, meat and 
albuminoids was in all cases the same. J. Porster (J/. Be'g. Bhafrm. xxv. 733) found 
that in dogs which had been starved for several days, the quantity of glycogen in the 
liver was increased by the injection of sugar into the circulation, but by no means in 
proportion to the quantity of sugar thus introduced. He thence infers that the 
glycogen is produced, not directly from the sugar, but by the decomposition of albumin, 
and accumulates in the liver after the introduction of a considerable quantity of sugar 
into the circulation. The increase of glycogen produced by injection of sugar after 
prolonged fasting is a consequence of the accelerated decomposition of albumin thereby 
induced ; and in accordance with this view it is found that the excretion of urea is 
at the same time considerably increased. S. Wolfberg {Zeitschr. f. Biologic, xii. 266 ; 
Chem. Soc. J. 1877, i. 484) also infers from his own experiments and those of Claude 
Bernard, Voit, Pettenkofer, Valentin, and others, that glycogen is an intermediate 
decomposition-product of albumin in the animal organism, the amount formed in any 
case being dependent on the quantity of albuminoids thus altered, and on the presence 
of various other substances, especially carbohydrates, which influence— by their 
greater or lesser po-wer of resisting the decomposing actions of the organism —the 
rate at which the glycogen thus formed becomes further changed. 

Glycogen occurs, together with glycoeine, in the muscular tissue of the American 
scollop {Pecten irradians) (p, 879). 

Transformation into Glucose. — It is commonly stated that glycogen is quicldy and 
completely converted into glucose by the action ©f saliva and of pancreatic ferment. 
Siegen, however ( Centr. 1877, 8), finds that, when the fermentation is completed, 
the glycogen-solution appears, &om its power of reducing cupric oxide, to contain only 
a fraction of the quantity of glucose which it should contain, if the whole of the 
glycogen had been converted into that compound, viz. 34-41 per cent, under the 
influence of saliva, and 45-48 per cent, under that of pancreas extract. This shows 
either that the glycogen is converted, not into glucose, but into a substance which 
reduces cupric oxide in a different proportion, or that in the reaction above mentioned 
another product is formed besides glucose. Further experiments are required to 
decide which of these views is the correct one. 

On the Estimation of Glycogen in the Liver, see Salomon (Zeitschr. anal. Chem. 
1874, 470; Jahrcsh.f. Chem. 1874, 1051). 

GXkYCOGXSIvrXC ACXB, An acid produced by treating an aqueous 

solution of glycogen at 100° with bromine, and then adding silver oxide: 

H^O + Br2 = C«Hi20«Br2 ; and + Ag^O = 2AgBr + it is an intensely 

sour syrupy liquid, the aqueous solution of which dissolves carbonates, forming salts 
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most of which are crystalline. The lead salt has the composition C^H^Pb^O^. In all 
the others the acid appears to be monobasic (Chittenden, Liebig^ s Anncden^ clxxxii. 206). 

Gl^YCOIiXNXC ACII>. This name was giyen by Priedlancler to an acid, 
C^H^OS which he supposed to be formed by the action of sodium-amalgam on an 
alcoholic solution of ethyl oxalate (1st 640). According to Debus, however, 

the only products of this reaction aro glycollic, glyoxylic, a^’.d tartaric acids (2wi 
Suppl. 569). 

GZiYCOXiZGlNrosZi. This substance, which J. Erdmann obtained^s a residue 
from the wood of the spruce fir, after exhaustion Avith dilute acetic acid, alcohol and 
ether, and to which he assigned the formula (ls?J Supx^l. 640), has been 

further examined by E. Bente Qlicm. Crcs. Bci\ viii. 476), who obtains by 

analysis numbers agreeing with Erdmann’s formula, but finds thatTwhon the 
glyeolignose is boiled with hydrochloric acid, whereby, according to Erdmann, it 
is resolved into glucose and lignose, as shown by the equation, + 

2H-0 = 2C‘^H^-0° + the insoluble residue of lignoso which remains after 

washing successively with water, warm dilute ammonia, water and alcohol, amounts, 
not to 66*33 per cent, as required by the equation, or to 60-65 per cent, as actually 
found by Erdmann, but to 70*025 per cent. This residue also contains 0’^ per cent, 
carbon more than the amount required by theory, and the solution, which is turbid 
from separation of flocks, contains, not the required 48*51 per cent, of glucose, but 
only on the average 25*01 per cent. Pure grape-sugar similarly treated does not 
deposit any flocks. The lignose obtained as above gives, when fused with potash, 
oxalic and succinic acids, together with bodies resembling pyrocatochin, and probably 
containing protocatechnic acid, a result confirming Erdmann’s statement that fir-wood 
contains aromatic compounds or rosiduos. Bonto doubts, however, whether glyco- 
liguose is a distinct chemical individual, ina,smuch as it yields lignose in variable 
propoi'tions, but not to the amount required by Erdmann’s formula, oven when 
subjected to the prolonged action of hydrochloric acid. Toplar-woocl purified by 
Erdmann’s method exhibited the same composition as fir-wood, and likewise yielded a 
quantity of lignoso greater than that required by theory. 

GXiTCOXiliXC C2B:'‘0»=:CH“0H.C00H. Borm(iiion.—\, Prom di- 

chlorethoxyl-ethylene by the action of Avater at 100° (p. 755). 2. By boiling mono^ 
chloracetonitril C“HCl(NO“)N, with milk of lime or caustic potash (Bockurts a. Otto, 
Bent. Chem. Ges. Ber. ix. 1591). 3. As ethylic oiliui*, together Avlth glyoxylic and 
tartaric ethers, by the action of sodium-amalgam on an alcoholic solution of ethyl 
oxalate (2nd 569). 

Preparation . — Eittig (Bor. ix. 1198) prepares glycollic .acid by boiling a moderately 
strong aqueous solution of chloraeetic acid for a few hours, whereby it is completoly 
resolved into hydrochloric and glycollic acids. On distilling the product and OAaip- 
orating the residue on the water-bath, there remains a syrujjy liquid containing only 
a trace of chlorine, from which it may bo freed by again evaporating with Avater. 
The calcium salt obtained from the reaiduo is pure glycollato. 

Glycollic acid may also be easily prepared by heating aqueous oxalic aeid with 
granulated zinc at 100° for a week, then filtering and adding (xcess of lime. The 
solution thus prepared contains calcium glycollato, together with a little glyoxylate, 
and the glycollate may ho separated by removing tho excess of lime with oxalic a,ei(J, 
boiling tho liquid until the glyoxylate is destroyed, and concentrating by ovapoi*a(iun 
(Crommydis, Bull. Bog. Chim. [2], xxvii. 3). 

Metallic Glycollate s. Tho crystals of calcium glycollate, obtained in tho 
manner just described, contain 5 mols. B^O, one of which they lose on exposure to tho 
air, and the other four at 100°, or 0 A’’er sulphuric acid in a vacuum (Crommydis). 
The existence of an anhydrous crystalline calcium glycollato observed by Eahlbcrg 
(2nd Suppl. 570) is confirmed by Carins (J. pr. Chem. [2], ix. 303). On evaporating 
the solution at a temperature as near as possible to 100°, this anhydrous salt separates 
on the surface in small* crystalline groups, which sink to the bottom and form a hard 
crust. To obtain it pure, the supernatant liquid must be decanted while hot, and tho 
crystals washed with a little water and dried. It is distinguished from the hydrated 
salt by its sparing solubility. If, on the other hand, the crystalline crust bo loft to 
cool in the liquid, tho anhydrous salt becomes mixed with needles of the hydrated 
salt ; and, lastly, if the solution be completely evaporated to dryness at 100° over the 
crystalline crust, there remains, together with tho latter, a small portion of the salt 
in the form of an amorphous fissured mass, easily soluble in water. In Eahlberg’.s 
paper, above quoted, it is stated that hydrated calcium glycollato contains 2 mols. (jf 
water. Eittig, however, points out (J. pr. Chem. [2], x. 271) that this statement is 
incorrect, the error arising from a confusion between the old and new atomic weights 
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of calcium (20 and 40). The crystals contain 27-28 per cent, water, and this agrees 
■with the formula (0"H®0^)“Ca+ 4H^0. 

The following gly collates have been examined by Gr. Schreiber (J. Chem. [2], 
xiii. 436). The magnesium salt^ C^H®Mg0®+2H20, crystallises in extremely thin 
microscopic needles, and appears almost pulverulent when dry. 1 pt. of it dissolves 
in 12’6 pts. water at 18*^ ; in boiling water it is much more soluble. The strontium 
salt, C‘‘H®SrO® + 5H^O, crystallises in slender microscopic needles; dissolves in 29'9 pts. 
water at 19°; is nearly insoluble in absolute alcohol; gives off the whole of its 
crystallisation-water at 180®. The aluminium salt is very soluble in water, and does 
not crystalliie. The silver salt, contrary to the usual statements, was obtained in 
the anhydrous state, containing only 1*6 per cent, of hygroscopic water. 

ChologlyoolUc acid, is formed by the action of nitrous acid on 

glyeoeholie acid (p. 456). 

Dijphenylene-glycollio acic?, — COOH, is formed by 

the action of alkalis on phenanthrene-quinone (p. 676). 


Amido-deeivatives of Glycollic Acid. 

CH2.NH2 

Amidoglycolllc Acid, Glycocine, or Glycine, C^H®NO^=s | 

CO.OH 

Amidaoetic acid. — This compound occurs to the amount of about 0*5 per cent., together 
with glycogen (2 to 2*4 per cent.) in the muscular tissue of the American scollop 
{^ecten irradians), found on the eastern coasts of the United States. 

Formation. — 1. From Cyanogen, When cyanogen gas is treated with concen- 
trated hydriodic acid (sp. gr. T96) at the boiling heat, one of the cyanogen-atoms is 
converted, by assumption of hydrogen, into the methylamine-residue, whilst 

the second cyanogen-atom, by exchange of nitrogen for the elements of water, is trans- 
formed into carboxyl, the result being the formation of glycocine, as shown by the 
foEowing equation : 

CH2.NH2 

ON— CN + 5HI -i- 2E20 = | + NET + 2P 

CO.OH 

(Emmerling, Deut. Chem. Ges. Ber. vi. 1351). 

2. By reduction of ethyl cyanocarbonate (p. 617). 

3. Together with methylamine, ammonia, and carbon dioxide, when methyl-uric 
acid is heated for some time to 170° with hydrochloric acid saturated at 0° (H. Hill, 
Sill Am. J. [3], xii. 428). 

4. Together with tyrosine, ammonia, leucine, indol, and a viscid yellowish body, 
called gelatin-peptone — all, as well as the glycocine, in small quantity only — by the 
pancreatic digestion of gelatin. The formation of glycocine in the alimentary canal 
may explain, by its reaction with benzoic acid, the production of hippuric acid in 
the organism of vegetable-feeders ; in carnivorous animals the glycocine thus formed 
is converted into urea (Nencki, ibid. vii. 1593). 

Beaotions. — 1. Glycocine gives with ferric chloride a deep red colour, which disap- 
pears on addition of acids, and is regenerated by ammonia. On mixing a solution of 
glycocine with a drop of yhenol and a little hypochlorous acid, a fine blue colour is 
produced. 

2. By oxidation with ammonium permanganate in presence of free ammonia, glycocine 
yields oxalic, carbamic, and oxamic acids, and water ; the formation of urea has not 
been observed (Drechsel, J. pr. Chem. [2], xii. 417). 

3. Glycocine, dissolved in nitric acid, is converted by nitrous acid into chologly- 

collie acid, (p. 436). 

4. By cyanic acid, glycocine is converted into hydantoic acid, thus : 

CH2— NH2 OH2— NH— CO— NH2 

I + HCNO = I 

COOH COOH 


5. Hydantoic acid is also formed by boiling a solution of glycocine and urea with 
excess of baryta-water as long as ammonia continues to be given off: 


CH2— NH2 

ioOH 


+ co<^|! 


Off— NH— CO— NH® 

I 

COOH 


+ Nff. 


Sarcosine or methyl-glycocine, treated in like manner, is converted into m ethyl - 
hydantoic acid. 
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^ Bthyl-fflyeocine, is produced by treating glycocino with ethyl 

Iodide and absolute alcohol. On agitating the product with silver chloride, the hydro- 
chloride of ethyl-giycocine is obtained in needle-shaped crystals melting at 137'’. 
Ethyl-glycocine is likewise found amongst the products of the reaction of 4 pts. alcohol, 
2 nts. methyl iodide, and 1 pt. glycociue (Kraut, Liebig's Amialeu; clxxvii. 207). 

^ r .7 , ^ CU“— N(OI-r'‘)^* 

Trimethyl-fflycocine or Betaine, j , or ^perhaps | | , 

0O-0CH» 00 — 0 

is formed by tlio action of methyl iodide (3 mol.) on glycocino (1 mpl.) ; and the 
analogous compound, triethyl-glycocino, by heating triothylamino with othylic chlor- 
acetate (p. 323). 

lodotrietuyl-grlycocine Ethylate or Bthylic lodotrlethylair.idoglyool- 

0H2— ■N(0^®)31 

late, I (Kraut, Liebig's Anmlcn, clxxxii. 172). This ether is formed 

GO.OC'ff 

by the action of ethyl iodide (4 mol.) on silver glycocino (3 mol.) at ordinary tempera- 
tures : 

CH2-NH2 CH2— N(02H^)3I CH---NH2 

3 1 4C2ffI = I + 3AgI + 2| ^ . 

CO.OAg CO.OC^H^ COOH 

The hard crystalline crust which forms after a few days is to be washed, first 
with cold .alcohol, tnen with cold water. The cthylic iodotriothybimido- 
glycollate is found in the alcoholic extract. The corresponding platinochlorido, 
[Cl(C''^H^)”K.CIT-.COOC~H''’’]“PtGl'*, crystnllisos in thick oraiigo-coionrod anhydrous 
crystals which are soluble in waiter. The mother- liquor of this salt contiiins glycocino 
and diothyl-glycocinc. 'J’hc aqueous extinct couinins two-thirds of Iho glycocino 
employed in the reaction. The residue insoluble in alcohol and in cl her slill contains, 
together witli ethyl iodide, a portion of the cthylic iodotaMciliyhnniiloglycollat.c, whiiih, 
when boiled with an alkaline hydroxide, piassos into solution, with separation of alcohol. 

CUorotriethylglycoeinammonvm giliUinoohloride,^ [Cl(C“H'’)'*K.CH“.COOir]'M.’tOl ' -t- 
2H^O, crystallises in roseate, well-defined inouoelinic crystals, w^hich arc nearly insolu- 
ble in alcohol, and give oft their water at 100''^. 

Diethyl glycocmc Ethylate or EiJiylie Dielhijlamidogly collate^ G^1I*’N0“ 

CH‘-^.K(0'^H'’)'' 

I ,is obtained by distilling silvor-glycocinu with ethyl iodido, not in excess, 

OO.OC'-H^ 

after the two substances have boon loft in contact at the temperature of the air for 
several days. It is a colourless alkalino liquid having a density of 0*919 at 15® and 
boiling at 174®. The coiTe.spoiidmg platinoelilorido is at first oily, but solidifies 
after a while in short monocliiiic anhydrous crystals. 'This ether, heated for some 
hours with ethyl iodide, is converted into iodotriot hylglycociiiammoiiiiini ethylate. 

Silver-glycocine, treated in like manner with methyl ioilide in excess, yields the 
methylic ether of tri methyl -glycocino or oxynouriiio, and oxynouvino or 
hotaine itself, both of which are found in the alcoholic extract of the product (Kraut). 

Phenylamidoglycollic Etliers. 1, Ethyl Fhenytamidog ly collate, 
CH2.NHC«IP 

= I , Fhemjlqlycocolldihyliithcr . — This other is prepared by 

COOC-H^ ‘ ‘ 

heating 1 mol. ethyl monocliloracetato with exactly 2 mol. aniline over an open flamo 
till reaction begins, then removing the source of heat, and allowing the reaction to go 
on quietly to the end. The whole then solidifies to a crystalline mass, which may bo 
freed from aniline hydrochloride by boiling with water. On dissolving the residual 
oil in alcohol, and adding water by drops to the cooled solution, a solid body is pre- 
cipitated ; and after these operations have been several times repeated, ethyl phenyl- 
amidoglycollate is obtained in colourless nacreous laminae, melting at 57®-58®, only 
slightly soluble in water even when hot, but dissolving with moderate facility in cold 
alcohol and ether, very easily in the same liquids when hot, also in hydrochloric acid. 
It is therefore advisable, in preparing this body, to use a slight excess of the chlor- 
acetic ether, in order to avoid the presence of free aniline, and the necessity of re- 
moving it with hydrochloric acid (P. J. Meyei’, Dent. Chem. Ges. Ber. viii. 1159). 

Methyl Bhenylamidnglycollate, | . Prepared like the pre- 

COOCIP 

cechng. The viscid oil obtained by heating 1 mol. methyl chloracetato with 2 mol. 
aniline at once yields crystals of aniline hydrochloride, which may bo removed by 
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agitation with water. By distilling the residual oil in a current of steam, a ttfrLid 
distillate is obtained, which soon deposits the methylie phenylamidoglyeollate* in 
splendidly iridescent needles and prisms which may be purified by redistillation. 
They melt at 48°, are nearly insoluble in water, but dissolve easily in alcohol, ether, 
and hydrochloric acid (Meyer, ihidj, 1157). 

Tolylamidog-lycfollic acid or Tolylgrlycocine, C^H“]N'0“=| 

COOH 

This compo^d is formed by heating monochloracetic acid with solid toluidine. At 
ordinary temperatures, the two bodies simply unite to form a salt, but when 1 mol. 
chloracetic acid and 2 mols. toluidine are heated together on the water bath, a reaction 
tabes place, attended with a rise of temperature to 130°, and formation of a large 
(Quantity of hydrochloric acid : 


CH^Cl 

I + = HCl + I 

COOH COOH 


To separate the tolylglycocine, the liquid is rendered slightly albaline with am- 
monia; thi’ 'toluidine thereby separated is removed by agitation with ether; the 
aqueous solution is evaporated to dryness on the water-bath to remove excess of 
ammonia ; the residue redissolved in water ; and the greater part of the hydrochloric 
acid removed by means of recently precipitated silver oxide. The solution is then 
again made alkaline with ammonia ; the dissolved chloride, together with a small 
quantity of oxide of silver, is decomposed by hydrogen sulphide ; the filtrate repeat- 
edly evaporated to dryness and redissolved in water ; and the solution, after renewed 
addition of silver oxide, again treated in the same manner. The rather dark-coloured 
liquid thus obtained, which no longer contains a trace of chlorine, is then boiled witli 
charcoal and evaporated to dryness ; and the residue, after washing with ether, is 
several times alternately dissolved in alcohol and in water. On evaporating the 
water or alcohol from these solutions, the tolylamidoglycollic acid remains as a viscid 
oil which solidifies in beautiful microscopic needles ; and by slow evaporation of the 
alcoholic solution it may be obtained in larger crystals having a yellowish tinge. It 
is nearly insoluble in ether, melts at about 145°, and decomposes at about 170°. Its 
solutions have an acid reaction ; the silver salt blackens quickly on exposure to the 
air, and almost instantly when heated ; the lead salt appears to be more stable. 

Tolylamidoglycollic acid has not yet been obtained quite pure, but its mode of 
formation and that of its derivatives, and the properties of these bodies, leave no 
doubt as to its composition : it might perhaps be obtained pure by decomposition of 
the lead salt (P. J. Meyer, Dcut. Ohem. Ges, Ber, viii. 1158). 

Ethyl Tolylamidogly collate^ OH^.]SiH(O^H^) — COOO^H^ is prepared like 
the corresponding phenyl-compound (p. 880) by heating 1 mol. ethyl monochloracetate 
with 2 mols. toluidine over an open fire, till the mass, after a somewhat violent 
reaction, suddenly solidifies to a crystalline pulp. The product, which no longer 
smells of cliloracetic ether, is then removed from the fire and dissolved in alcohol, and 
the solution is mixed with W'ater, which throws down an oil solidifying at ordinary 
temperatures. After repeated solution in alcohol, and careful treatment of the cooled 
solution with water, the tolylamidoglycollic ether is obtained in wliite nacreous laminae 
which melt at 48°-49°, dissolve but sparingly even in hot water, with moderate 
facility in cold alcohol, yqvj easily in hot alcohol and in ether, also in hydrochloric 
other. Hence it is advisable in preparing this body — as in the case of the correspond- 
ing phenyl-compound — to use a slight excess of chloracetic ether (Meyer, iUd. 1159). 

Crly coll amides (P. J. Meyer, Beut. Chem. Ges. Ber. viii. 1154-1164). 

OH2.HH(C«H5) 

1. Phenylamidogrlycollamide, C®H^WO = I . Bhenylglycooinamide. 

C0NH2 

Bhenyloxethylene carhamide . — This compound is formed by the action of aniline on 
chloracetamide : 

CH2C1 CH3.NH(C«H0 

I + C«H®.N,H2 = HCl + I 

CONH= C0HH2 


When 1 mol. chloracetamide is cautiously heated with 1 mol. aniline till the whole 
is fused, and the temperature is kept at the same degree till the liquid exhibits a 
strong reaction of hydrochloric acid, a product is obtained which dissolves in hot 
water, and separates on cooling as a white crystalline body purifiable by recrystal- 
lisation. This substance is phenylamidoglycollamide. It crystallises in microscopic 
Zrd Bii^. 3 M 
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needles, melts at 133°, dissolves very easily in ether, alcohol and hot v^ater, and with 
moderate facility in cold water. 

•If the group or radicle CII“-~CO or C^H^O be called oocctliylcne, this compound 
may be regarded as ^henyloxethylene-carhaviide or ^henyloxethylem-urea 

' ' CH=NH(C«H-0 

Phenylamldoglycollanilide, = | . PhmiylglycQcin- 

anilide.— When chloracetanilide is boiled with a slight excess of anilino till tho whole 
IS dissolved, the excess of anilino then removed by hydrochloric acid, and tho residual 
oil boiled with a large quantity of water, phenylamidoglycollanilido is oTilainod as a 
body melting at 110°-111°, slightly soluble in cold, moro freely in hot water, also in 
alcohol and in ether, and forming a well-crystallised hydrochloride (Meyer). "Wilm a. 

, Wischin obtained the same compound by the action of anilino on phenylaraidoglycollic 
acid (phenyl-glycocine) and its ethers; also by that of aniline hydrochloride on 
phenyl-glycollamide, and directly by boiling chloracetyl chloride with excess of 
aniline, 

Phenylamidodiglycollamide, IHglycollodianilide or Diphenyl- 

oxetliylene-biuret, = NHc^Q^aQO— NH(C‘'H^)* chloracetanilide 

is digested for several hours dn a sealed tube witli moderately concentrated alcoholic 
ammonia, the product evaporated till it no longer smells of ammonia, and tho result- 
ing liquid mixed with water, a white crystalline precipitate is obtained, whicli dissolves 
in hot water, and separates from tho solution in dazzling white needles often several 
inches long, having tho composition of phonylamidodiglycollaniiclo. 

This compound melts at 140-5°, dissolves easily in oilier and in alcohol, witli 
moderate facility in hot water, sparingly in cold water. When Ixjilod witli Hoda,-luy 
it gives olf anilino. Its hydrochloride crystallises from hot hyiirochloric acid in 
silvery needles and laminm; tho odtrate in splendid white needles which mult at 172“ 
and decompose at a higher tomporatnro. 

Tolylamido^lycollamide, ~ 1 . 'Jolylahioocinmnide. 

CONJP 

Tolyl-oxethylene-carhamide . — Prepared by boating 1 mol. cl iloracet amide with 1 mol. 
toluiclino at tho tomporaturo of tho water-bath till a clear liquid is obtaiu(Kl, leaving 
this liquid to cool, and repeating tho operation. Tho product is dissolved in hydro- 
chloric acid, from which it separates by rapid cooling in small shining himinas 
by slow cooling in needles and XJi’isms. If coritamiimted with undecomposod chlor- 
aeetamide, it may be purified by recrystallisation from hot water. If more than 1 
mol. of tolnidine has boon used, tho product also contains tolyl-;imidacotoluidc and 
sal-ammoniac, which may also bo removed by solution in a moderately largo qiiantily 
of hot water. 

Tolylamidoglycollamide molts at 1C2°-1G3°, turning brown at tho same time. It 
is sparingly soluble in cold water, moderately in ether, very easily in liot water and 
alcohol. When heated above il-s boiling point it gives oif tolnidine (Meyer. 
ibid. 1160). 

CH'-^.NH(CaF) 

Tolylamidogrlycollanilide, C*"’H^'*N20 == | . Tolylglycocmniilide, 

CONH(0°IP) 

Prepared by heating 1 mol. chloracetanilide with rather more than 2 mols. toliii- 
dine over an open fire till large quantities of hydrochloric acid are given ofP, and 
pouring the product into water, whereby an oil is separated, which quickly solidifies 
after the excess of tolnidine has been removed by hydrochloric acid. After several 
recrystallisations from hot water, the compound is obtained in slender white needles, 
insoluble in cold water, sparingly soluble in hot water, easily in alcohol and other, 
melting at 82°-83°. 

CH2,NH(C^H0 

Tolylamidogrlycollotoluide, = | . Tolylqlycochi- 

CO.NH(C"n0 

toUddide . — This compound may be obtained : 1. By fusing 1 mol. cliloraeetamido with 
2 mols. tolnidine, and recrystallising the product from alcohol. 2. By fusing chlor- 
acetyl chloride or chloracotoluido with excess of tolnidine, and crystallising from 
alcohol after addition of hydrochloric acid. 3. It is host prepared by beating a 
mixture of 1 mol. monochloracotic acid and 3 mols, tolnidine over an open fire till a 
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violent reaction sets in, indicated bj tbe rapid formation of bubbles Tvitliiif the • 
liquid. The vessel is then to be removed from the fire, the action allov'ed to go« on 
quietly to the end, and the solidified mass boiled with water to remove toluidiue 
hydrochloride. By repeatedly crystallising the residue from alcohol, till the mother- 
liquor appears quite colourless, the tolylamidoglyeollotoluide is obtained in white 
silvery laminae very slightly soluble in hot water, rather sparingly in cold alcohol, 
easily in hot alcohol^and in ether. It melts at 136°, and when heated above this 
temperature, turns dark brown and gives off toluidine. It is nOt altered by heating 
with water to 200°, but when boiled with baryta-water it gives off toluidine. The 
hydraoJilor^Bf formed by passing hydrochloric acid over the compound heated to 100°, 
is decomposed by boiling with water. 

Tolylpmiao-diglycollamides, or Tolyl-oxethylene-biurets. 1. The 

monotolyl-aompound, is produced by 

heating tolylamidoglyeollamide for some time in an open vessel. Toluidine is 
then given off, and on cooling, a crystalline residue is obtained which is somewhat 
difficult to dissolve in alcohol, whereas tolylamidoglyeollamide is easily soluble 
therein. On washing this residue with alcohol to remove the unaltered amide, and 
repeatedl^^ crystallising it from hot alcohol, the monotolyl-oxethylene-biuret is ob- 
tained in beautiful iridescent laminae and short thick prisms. 

This compound may, however, be more easily prepared by heating monochlor- 
acetamide with an equivalent quantity of toluidine. It is also one of the bodies 
formed, as above mentioned, as secondary products in the preparation of tolyl- 
amidoglycollamide, in greater or smaller quantity, according as the mixture of 
1 mol. chloraeetamide and 1 mol. toluidine is kept in the state of fusion on the water- 
bath for a shorter or longer time. In this case, therefore, the biuret is formed at a 
temperature much below the melting point of the tolylamidoglyeollamide, perhaps 
in consequence of the presence of free hydrochloric acid which abstracts toluidine. 

On treating the product with a small quantity of cold alcohol, the tolyl-oxethyleue- 
biuret remains as a sparingly soluble body, which, when recrystallised from hot 
alcohol, likewise separates in iridescent laminae and prisms. It melts without de- 
composition at 250°, dissolves very sparingly in water, slightly in cold, more easily 
in hot alcohol and ether. 

By due attention to the course of the reaction, it is possible to prevent the forma- 
tion either of this body or of the tolylamido-glycollamide. If the former is produced, 
it is almost always accompanied by a third body, which may be separated from the 
biuret by treating the mass with a small quantity of alcohol, filtering, and mixing the 
filtrate with water ; this third body then separates in very slender needles, and may 
be purified by redissolution in alcohol and precipitation with water. If all the three 
bodies are formed at once, the amide is first removed by treatment vrith a small 
quantity of boiling water, and the residue is treated as above. 

This third body is the nitril of tolyl-glycocine, or tolylamidacetonitril, 
— ON, and is formed by abstraction of water from tolylamidoglycol- 
lamide, — CONH^ in the same way as acetonitril from acetamide 

(Meyer, Deut. Chem, Gtes. Ber, viii. 1163). 

JDitolylamido - diglyoollamide, or Bito lyl - oxcthylene - biuret^ 
NH<:^Q 22 ”Q 0 ~^^|Q 7 g 7 y {BiglyGolamidsoAireditoluidid). This compound is pre- 
pared, like the corresponding phenyl-compound, by heating chloracetoluide with 
moderately concentrated alcoholic ammonia in sealed tubes to 100° for several hours, 
concentrating the product, and precipitating with water. A crystalline precipitate 
is thereby obtained, which may be purified by repeated solution in alcohol, precipita- 
tion with water, and final recrystallisation from very dilute alcohol. 

Tolylamido-diglycollamide crystallises in rosettes of long soft silky needles, melts 
at 149'5°, dissolves easily in ether and hot alcohol, with moderate facility in cold 
alcohol, sparingly in water even at the boiling heat. With acids and bases it behaves 
like the analogous phenyl-compound (Meyer, ibid^ 1155). 

Tritolylamido - diglycollamide^ or Tritolyl “ oxethylene - biuret, 
NH(C^H^)’ {^'^^yGoltoluidid^dureditol^^ is 

formed by heating tolylamidoglyeollotoluide in an open vessel to about 160°- 
170°. Large quantities of toluidine are then given off, and the product on cooling 
solidifies to well-defined needles. In sealed tubes the reaction does not take 
place below 235°. The product is repeatedly crystallised from alcohol — in the latter 
case with addition of hydrochloric acid — and finally separates in very beautiful long 

3 M 2 
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whit^ needles, which melt at 251°. It is nearly insoluble in water, slightly soluble 
in /Jold alcohol and ether, freely soluble in the same liquids at higher temperatures. 

By further heating of the oxethylene-biurets formed as above, it might bo possible 
— by elimination of a second molecule of an amine — to obtain a homologuo of iso- 
cyanic acid or oarbimide, CONH. One of these homologues, producible from tritolyl- 

oxethylene-biuret, would have the composition f and raonotolyl-ox- 

ethylen e-biuret might yield in like manner the next homologue of carbimido, viz. 

NH<^^ (Meyer, ibid. 1163). 


Thloglyconicacidf C-HWS = HS— CH"— COOH (Claoss?n, Liebig's 
Amalen, clxxxvii. 113). This acid is formed, together with thiodiglycollic acid, 
C‘‘H®SO* = COOH — CH- — S — — COOH (v. 776), by the action of monochloracetic 
acid on potassium hydrosulphide : 

CH^Cl— CO^H + KSH = KOI + OH2(SH)— OOm. 


To prepare it, crystallised ehloracetic acid (1 mol.) is added to a concentrated solution 
of potassium hydrosulphide (2 mols.) ; the product, at the end of the reaction, is 
concentrated on a water-bath, and filtered; the filtrate is treated with excess of 
absolute alcohol; the filtered alcoholic solution is evaporated; the residual salt 
dissolved in w^ater and decomposed by sulphuric acid ; the thioglycollic acid thereby 
separated is extracted by ether ; and the ether evaporated. 

Thioglycollic acid thus obtained is a colourless uncrystalli sable oil, soluble in all 
proportions in water, alcohol, and other. It has a faint odour, whicii becomes suffo- 
cating when the acid is warmed. It appears to bo capable of volatilising without 
decomposition when slowdy heated, but decomposes when quickly hentod, giving olV a 
very, unpleasant odour. 

Thioglycollic acid forms three classes of salts, represented by the following 
formiilse ; 

a. Normal 

OHIS.H 
Lo.O.M' 


/3. Basic y. Aoitl 

OIP.S. CH-.S.M' 

I and I 1 

CO.O.M' CO.O / OO.O.H 


a. Thioglycollic acid is a strong acid, and forms salts of this typo with the alkalis, 
alkaline earths, and some of the metals of the iron group, gonorally with tliOK<i metals 
which have a greater affinity for oxygon than for sulphur. Thc^y are obtaiuocl by 
dissolving the oxides or carbonates in the acid. They are very sohxblo, and for the 
most part do not crystallise well. 

The normal poiasskm salt, HS.CTP.CO.OK, is very soluble in water and crystal- 
lises therefrom in spherical groups of small needles containing 1 mol. H-O. It dis- 
solves very readily in alcohol, but the solution gradually absorbs water, and t.he salt 
is then for the most part deposited in the anhydrous state. It is not dcliquescont. 
The anhydrous salt dissolves in small quantity in boiling alcoliol, juid crystallises on 
cooling in capillary needles. It oxidises in contact with the air. On trea,ting it with 
excess of potassium carbonate, carbon dioxide is given off, and the dipotassic salt, 
KS.CH2.CO.OK is produced. 

Barium salt, (HS.OH“.CO.O)“Ba. — This salt dries up on spontaneous ovaporatit^n 
to a gummy mass. It is insoluble in alcohol, and is precipitated thereby from its 
aqueous solution in the amorphous state. 

The ethylio ether, ^TS.OH^CO.OO“H^ is easily obtained by boiling the acid wath 
absolute alcohol, and adding a few drops of strong hydrochloric acid. It is a colourless, 
very fetid oil, heavier than water and somewhat soluble therein. It begins to boil at 
about 165°, but the boiling point slowly rises to 250°, and the other partly decomposes, 
giving off hydrogen sulphide and forming ethylie thiodiglycollato, which passers over 
with the undecomposed portion- If the boiling be somewhat prolonged, this decom- 
position is nearly complete. The two ethers may be easily distinguished by the fact 
that the thiodiglycollic ether, when treated with alcoholic potash, immediately forms 
a crystallisable potassium salt, which is not the case with the thioglycollic ether. 

i3. The basic thioglycollates containing univalent metals are distinguished 
from the acid salts (p. 885) by the circumstance that the atom of metal which is attached 
to the sulphur may be removed by the weakest acids, whereas in the metalloihio- 
glycoUic acids this removal can bo effected only by hydrogen sulphide. The only 
basic thioglycollates known are those of the alkalis and alkaline earths. The former 
are uncrystallisable and difficult to obtain pure. 
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CH2.Sx 

The harum salt, 1 \Ba + 3H-0, may he prepared hy mixing the normal pofcas- 
CO.O ^ 

simn salt -with ammonia and harinm chloride ; by mixing the potassium salt or the 
free acid -with barium hydrate ; or by mixing the normS barium salt with ammonia. 
It is crystalline, neariy insoluble in cold water, and is but slowly dissolved by warm 
water. Carbonic acid decomposes it readily into carbonate and normal thioglycollate of 
barium. 

1 CH^.S-M' 

7 . Metallo-thioglyeollic acids, I . Thioglycollates having the metal 

CO.OH 

an immedi:^_te connection with the sulphur are formed only by those metals which have 
a great affinity for sulphur. Each of these compounds is a true acid capable of form^ 
ing salts with other metals. On account of their tendency to pass into compounds in 
which the hydroxylic hydrogen is also replaced by a metal, only the three following 
have been obtained in a state somewhat approaching to purity. 

MereuTothioglycollic acid, G'‘JBL®0'‘S"Hg == GO-H.CH2S.Hg.CH^S.CO-H, is 
prepared either by mixing free thioglycollic acid with mercuric oxide, whereupon a 
brisk reaction takes place, — or, better, by mixing a cold solution of the potassium salt 
with mercuric chloride, the mercuro-thioglycoUic acid then immediately separating as 
a felted mass of long slender needles : 

2(KO.GO.GmSH) + HgC12 - 2KC1 + (HO.CO.GH^“S)^Hg. 

Mercurothioglyeollic acid is nearly insoluble in cold water, but dissolves easily in 
boiling water and in alcohol, and crystallises in long slender needles resembling cotton- 
wool when dry, or in short flat prisms. It has an acid reaction, and unites with 
nearly all metals except the alkali- metals, forming sparingly soluble and for the most 
part crystallised salts. It decomposes metallic salts, taking the metal to itself, and 
forming acid salts with barium, aluminium, and manganese, neutral salts with lead, 
auercury, and silver. These salts decompose only at very high temperatures, leaving 
pure or nearly pure metallic oxides. 

The baviim salt, !BaH-(O.GO.GH-.S)^Hg“, formed on mixing hot solutions of the 
acid and barium chloride, separates in ramified gi’oups of microscopic crystals. The 
aluminium salt, AL‘H®(O.CO.CH-.S)^2}jge^fQj,u^Q(j ffiomalum and the free acid, resembles 
the barium salt. The manganese salt, MnH‘(O.OO.GH'bS)‘‘Hg^, resembles the two 
preceding in its mode of formation and its external characters. The lead salt, 
Pb(O.GO.GH'bS)”Hg, is formed as an amorphous precipitate, on mixing a solution of 
the acid with lead acetate. The mercuric salt, Eg(O.CO.CH2.S)“Hg, is produced in 
like manner from mercuric chloride and the free acid; also on adding mercuric chloride 
to potassium thioglycollate. It is amorphous or indistinctly crystalline. The silver 
salt, Ag 2 (O.GO.GH“.S)*Hg, is a white amorphous precipitate formed from the free acid 
and silver nitrate. Its analysis gave 33*49 per cent, silver instead of the calculated 
quantity 36T8, showing that the hydrogen in the acid had not been completely replaced 
by silver. 

Cujorosothio gig collie acid, (EO.CO.CH^S)”Cu^ — Potassium thioglycollate 
gives with cupric salts a bluish-black precipitate, which, on further addition of potas- 
sium salt, becomes nearly white, in consequence of the reduction of tho cupric salt 
formed in the first instance to a cuprous salt. In this respect the behaviour of thio- 
glyeollic acid to cupric salts is similar to that of xanthic acid and analogous compounds, 
and of mercaptan. The white compound has the composition above given, and reacts 
altogether like a cuprous compound, dissolving readily in potassium cyanide and 
sodium thiosulphate, and without colour in ammonia. In the moist state it blackens, 
being resolved into the cuprous salt, Gu“(O.CO,CB^.S)”Cu^ and free thioglycollic acid, 
but this change may be prevented by addition of acetic acid. The compound dissolves 
readily in hydrochloric acid and in alkalis, forming salts. By addition of other metallic 
salts to the alkaline solution, amorphous precipitates are produced, and the metallic 
hydroxide formed at the same time may be extracted by acetic acid. The barium salt, 
Ba(O.GO.GH^.S)*Gu*, is a greyish amorphous precipitate. 

Bismtithothiogly collie acid, (HO.CO.GH“.S)*Bj, is formed, on mixing potas- 
sium thioglycollate with a solution of bismuth nitrate, as a yellow precipitate which 
redissolves on agitation, but becomes constant on further addition of the bismuth salt. 
This precipitate is a white soft mass which soon becomes hard and brittle ; it melts 
at 30°-35°. On continued addition of bismuth nitrate it yields amorphous yeUow 
precipitates which do not melt, and the easily fusible compound itseE, when heated on 
the water-bath, loses weight and becomes infusible. 

Argento-, 'Flumbo*,mA Oadmiio thioglycollic acids. — These acids have 
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not^been obtained in a state even approaching to pnrity, the precipitates v^hich are 
formed by metallic salts in a solution of potassium thioglycoUatej consisting of salts of 
these acids containing the same metal that enters into the acid itself (p. 884). 

Argentothioglycollate of Silver, Ag.O.CO.CH^.S.Ag, is formed on adding silver 
nitrate to free thioglycollic acid or the potassium salt, as a v'hite, perfectly amorphous 
mass, ■which is not altered by light ; is quite insoluble in acetic a*id in cold nitric acid ; 
shrinks up on drying to a hard dark-coloured mass ; and requires a some-what high 
temperature to decompose it. 

GadmiothioglycoUate of Cadmium, Cd(0.C0.GH-.S)2Cd, is obtained as an^amorpbous 
or indistinctly crystalline mass on adding potassium thioglycollate to a solution of 
cadminm sulphate, the latter being kept in excess. It dissolves readily in the potas- 
sium salt and in hydrochloric acid. • 

TlumhotMoglyoollate of Lead, Pb(O.CO.CH2.S)-Pb, obtained like the silver-com- 
pound, is a white or slightly yellowish precipitate, amorphous at first, but crystallising 
after some time in distinct flat prisms. It is quite insoluble in acetic acid, bnt is 
dissolved by a large excess of nitric acid. If the potassium thioglycollate is added in 
excess, the precipitate is yello'w and contains a much smaller proportion of lead. 

Llatimc chloride does not form a precipitate with thioglycollic aeidft probably 
because the resulting platinothioglycoUie acid is soluble in by^'ochlorie acid. 

Tbioglycollio XStliers, BS.OH-.CO.OM (B denoting an alcohol-radicle and M 
a metal or hydrogen) ; also called Suljghacetic Ethers. These compounds, first pre- 
pared by Blomstrand {BeuA. Qhem. Ges. Ber. iv. 717), have been further examined by 
Claesson {ibid. viii. 120). 

Eihyl-thiogly collie acid, C-H^S.CH-.COOH. — The ethylic ether of this acid 
is formed, with great rise of temperature, on mixing the alcoholic solutions of ethylic 
monochloracetate and sodium mercaptide, and, after filtration from the separated 
sodium chloride, may be precipitated by water. By heating the ether with baryta- 
water in sealed tubes, and decomposing the resulting barium salt •with sulphuric acid, 
the ethyl-thioglyeollie acid is obtained as an unerystallisable oil. It is easily soluble 
in alcohol and ether, moderately soluble in water. It does not volatilise without 
decomposition, hut may be distilled -with vapour of water. Its salts dissolve readily 
in water and in alcohol ; they do not bear so high a temperature as the phenyl-thio- 
glycollates (p. 887). They are oxidised by nitric acid, and form a viscid brown 
precipitate with iron salts. The potassium salt, C^H^S.CH-.COOK, forms deliquescent 
crystalline crusts, slightly soluble in alcohol. The siUer salt, C-H^.S.OH-.GOOAg-i- 
H-0, is a crystalline precipitate which does not give off its water over sulphuric acid. 
The harkm salt, (C^H®.S.CH'.GOO)^Ba, and the calcium salt, (C-E^.S.CH®.COO)2Ca, 
crystallise in radiate groups of needles. The lead salt is a viscid mass ; the magnesium 
salt, (02mS.0H2.COO)2Mg-i-3H2O, and the zinc salt, {GmKS.GR\C00yZTi + 2'K'^0, 
are crystalline masses. The cadmium salt, (C^H®.S.CH-.C00)2Cd-f-H20, forms prisms 
■which melt and give off their water at 100® ; it is less soluble than the preceding salts. 
The manganese salt is of similar character. The cohalt salt, (C*H®.S.CH^.GOO)‘'^Co-i- 
2H20, forms small violet-redvery soluble prisms; t\iQnicTcelsalt, (COT.S.GH^.GOO)^^! + 
2H-0, is greenish, but in other respects like the cobalt salt. The copper salt, 
(C-H^S.Ofi®.COO)2Gu+ 2B[^0, forms small shining rhombic plates which melt at 90®, 
and decompose "with great facility. 

The ethylic ether, C^H^.S.GH^.COO.C^H®, prepared as above described, is a strongly 
refractive oil, which has a strong odour, a density of 1*0469 at 4®, and melts at 187®- 
189®.* It is not attacked by iodine, but bromine acts upon it strongly. Ammonia 
converts it into ethyl-tbioglycollamide, G-H®.S.CH^CO.NH^ which crystallises 
in long thin prisms, melts at 44®, dissolves easily in water and in alcohol, and cannot be 
volatilised ■without decomposition. 

C-H\ ryGB? 

Ethylic Biethylsulphiniodacetate, , is formed by heating ethylic 

\/ \gOOC2H® 

ethylthioglycoUate and methyl iodide in equal numbers of mols. to 120° in a sealed 
tube, and separates, on leaving the product to evaporate in a vacuum, in yello'wish 
crystals. When agitated ■with silver oxide it yields a strongly alkaline solution. 

Amylthiogly collie acid is a viscid liquid. Its ethylic ether boils at 230®, and 
has a density of 0*97 97 at 4®. Its salts, except those of the alkali-metals, are but 
slightly soluble. The zinc and cadmium salts are white precipitates ; the copper salt 
crystallises in slender needles ; the lead salt is very easily fusible. 

* Erlenmeyer a. Lisenko (Zeitschr. Qhem. Pharm. 1862, 134) describe this etber as a liquid boiling 
at about 100®. Tlie cause of this discrepancy appears to be that they prepared it with sodium 
mercaptide which had been somewhat altered by heat, as indeed appears from the fact that they were 
obliged to heat it with the chloracetic ether in sealed tubes, whereas with unaltered sodium mercaptide 
a strong reaction takes place at ordinary temperatures. 
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Vhenyl-tliiogly collie acid, C®H®.S.C]S^OOOH. — The ethylic ether of this 
acid, prepared by the action of sodium phenyl-mercaptide on ethylic ehloracetate in 
alcoholic solution, is decomposed by alcoholic potash like the corresponding ethyl- 
componnd, yielding potassium phenyl-thioglycoUate, which separates in crystalline 
spangles ; and by decomposing this salt with hydrochloric aci^ the free acid is ob- 
tained in the form o| an oil which soon becomes crystalline. From a hot dilute 
solution it separates on cooling in thin brittle plates. It melts at- 4S‘5°, and resolidi- 
fies at 28*^. It dissolves in all proportions in alcohol and ether, slightly in cold, more 
readily in warm w'ater, forming strongly acid solutions. It cannot be volatilised 
alone, but distils even with vapour of water. It is not decomposed by boiling with 
dilute acids. Its salts are, for the most part, slightly soluble in water, insoluble in 
alcohol ; they may all, except the copper salt, be heated to 100° without alteration, 
but begin to blacken and decompose at 200°. 

The potassium salt, C^H^.S.CH^.CO.OK, crystallises in thin silky needles, moder- 
ately soluble in hot water ; it is not decomposed either by boiling its solution or by 
fusing it with potash. The sodium salt, C®H®.S.CH^CO.OKa, may be produced 
directly by decomposing sodium monoehloracetate with an alcoholic solution of 
sodium phenyl-mercaptide ; it forms crusts composed of nodules. The ammonium salt 
forms cryjialline crusts which melt with decomposition above 100°. The silver salt, 
C'^H^.S.CIi^.GOO^-hH^O, is a white precipitate. 

The following are represented by the general formula (C^H^.S.CE^.COO)^'. 

Barium salt. — Anhydrous crystalline mass composed of slender needles ; moderately 
soluble in hot water. — Calcium salt. Anhydrous; groups of oblique tablets. — Lead 
salt. Anhydrous ; amorphous precipitate which soon hardens, and melts at 60°. — 
Magnesium salt, + 3H-0. Shining scales containing — Zinc salt, + 2H^O. 

Eadiate groups of long needles having a silky lustre. — Cadmium salt, + H-0. Shining 
scales. — Manganese salt, + 5H-0. Bulky mass composed of oblique plates. — Cupric 
salt. Anhydrous ; amorphous precipitate of fine green colour. Easily alterable ; 
becomes viscid when exposed in the moist state to the air ; heated with water it 
yields tarry masses consisting of a basic salt. The normal salt dissolves easily in 
ammonia, and the solution when evaporated in a vacuum leaves blue prisms. 

The cobalt, nichel, aliminium, ferric, and chromic salts are amorphous precipitates. 

The ethylic ether, C®H^.S.CH-.CO.OC-H®, is a liquid which in the pure state has 
a sweetish, aromatic, and not unpleasant odour, a specific gravity of 1T36 at 4°, and 
1'1269 at 15°, and boils with partial decomposition at 276°-278°. The amide, 
C^H^S.CH^OONH^, prepared from it crystallises from alcohol in small plates melting 
at 104°, easily soluble in alcohol, less soluble in water, very slightly soluble in ether. 

Bromophenyldhiogly collie acid, C®H‘^Br.S.CH-.COOH. — The ethylic ether of this 
acid is formed, with brisk reaction, on adding bromine to a solution of ethylic 
phenyl-thioglycollate in carbon disulphide. Treated with alcoholic potash, it yields 
the corresponding potassium salt, and this, when decomposed by hydrochloric acid, 
yields tht free acid in shining slightly soluble needles melting at 112°. 

Oxidation-products of Ethyl- and Phenyl-thiogly collie acid (Claesson, 
loc. cit.) By subjecting a salt of either of these acids to the action of a solution of 
potassium permanganate (not of nitric acid, or of chromic acid mixture), the sulphur 
contained in it may be oxidised, without further decomposition of the molecule, to 
SO^ or SO®. In this manner the following acids have been obtained : — 

Ethyl-sulphogly collie acid, C®H®.SO®.CH®.COOH. — This acid, separated from 
its zinc salt by hydrogen sulphide, forms a thick uncrystallisable liquid, which dis- 
solves very easily in water, as also do most of its salts. The potassium salt, 
C*H®.S0®.CH®.00®K, crystallises from alcohol in small, colourless, very hygroscopic 
plates. The barium salt, (C‘'^H^.SO®.CH‘“.CO‘“)-Ba, forms small nodules; copper salt, 
(0®H®.SO®.CH®.CO®)®Cu H- 2H®0, rather large bluish plates, becoming anhydrous at 
210°. The zinc salt and the silver salt are moderately soluble; the latter forms 
small needles. The lead salt forms small, very soluble plates. 

Bhenyl-sulphogly collie acid, C^H®.SO®.CH®.COOH, is separated by hydrochloric 
acid from the concentrated solution of its potassium salt, as an oil ; it dissolves in ether 
and is left on evaporation in the form of an oil which soon solidifies. By crystallisa- 
tion from water, it is obtained in small monoclinic crystals which melt at 109°, have 
a very sour taste, and dissolve easily in alcohol and in ether. Its salts are more 
soluble than those of phenyl-thioglycoUic acid, the potassium and zinc salts being 
even deliquescent. The silver salt, C®H®.SO®.CH'‘.COOAg, crystallises from boiling 
water in slender needles. The copper salt, (C®H®.SO®.CH®.COO)®Cu + 2H®0, forms 
small green moderately soluble tablets, 

Bhenyl-sulphigly collie acid, C®H®.SO.CH®.OOOH, is produced when a salt 
of phenyl- thiogl^coliic acid is treated with half the quantity ot permanganate required 
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to Cfjnverfc it into the sulpho-acid. It forms colourless crystals melting at 74®. The 
cop^m salt ‘is a greenish amorphons precipitate. 

GXilTCOIiS. Action of Water. — Garins found that ethylene bromide heated with 
water in a sealed tube to lo0®-180® is resolved into acetaldehyde and hydrogen 
brcfinide 602) : 

. + ffO = 2 HBt + C=H<0. ♦ 

This conversion of a glycoUic ether into an aldehyde might he supposed to take place 
either through the medium of the brominated hydrocarbon or through t^at of the 
corresponding glycol. Thus the conversion of isobutylene bromide into isohutyric 
aldehyde might be represented by either of the two following sets of equations : 

I, (CH3)2=:0Br-^CH2Br = HBr + (CH3)2r=:C~OHBr • 

(CH7i=:Giz:CB:Br + H^O = HBr + {CWy—CK—GKO 
11. (GH')2m:0Br~~CH2Br + 2H20 - 2HBr + (OH3)'=rCOH— CH^OH 
(CH^)'-^=nCOH— CH^OH == H^O + (CH3)2m:CH~CHO. 

Experiment shows, however, that hromisohutylene, (CH^)-m:0“CHBr, is not acted 
upon by water at 150°-200®, whereas isobutylene glycol, COH — CH-OH, 

heated with water in sealed tubes to 180®-200®, is transformed, by eliminattin of H'-’O 
into the corresponding aldehyde. The reaction must therefore he represented by the 
second pair of equations above given (Xevole, Compt. reml. Ixxxiii. 228). 

Action of Oxalic acid on Ethylene-glycol. — The reaction begins at 80° with evolu- 
tion of pure carbon dioxide, while formic acid distils over, the distillate containing 
successively from 6*7 to 56*7 per cent, of that acid. The portions which distil over 
between 172° and 175° consist of pure ethylene diformate, C^H‘(OCHO)“, and those 
obtained between 120° and 172° perhaps contain ethylene monoformate. The same 
bodies are produced, together with glycol and small quantities of free formic acid 
and methyl formate, by the action of potassium formate at 85° on a mixture of ethylene 
bromide and ethyl alcohol (Lorin, Gomyt. rend. Ixxix. 387 ; Bxdl. Soo. Chim. [2], xxi. 
409 ; xxii, 104). 

Glycolic Biformin or Ethylene Biformate is also produced by heating ethylene 
glycol for some time to boiling in a reflxix apparatus with 3 to 4 parts of 75-80 per 
cent, formic acid. On distilling the product, a mixture of the mono- and di-formins 
passes over between 170° and 180° ; and the diformin may be easily isolated by again 
treating the mixture with about 1 part of crystallisable formic acid and rectifying the 
product. Glycolic diformin is a colourless, very mobile liquid having a peculiar odour 
and boiling without decomposition at 174°. When heated in sealed tubes it is de- 
composed in the manner shown by the equation 

C2H“(OCHO)2 = C02 + CO + + H^-0. 

At the same time the water thus produced saponifies a portion of the formin, so that 
the residue contains small quantities of glycol and formic acid (Henninger, JBxdl. Soc. 
Chim. [2], xxi. 242). 

On Glycolic Ethers, see Ethylene Compounds, pp. 752-755. 

Glycolic Qhlorosulfhonic acid or Ethylene-chlorosnlyhonic acidi 
0“H'*C1(S0^H), is formed, together with chloral, by the action of sulphuric acid on 

f\ r<Ti2 PTT2p] ^ 

the compound CGP — CH<^Qjg- , produced by the union of glycolic mono- 

chlorhydrin with chloral (L. Henry). 

el.YCOIiTri.-THIOCARBi«ttH>B,CS<^^-™“. See Oabbamibes (Thio-), 
p. 400. 

GSiTrcOBBOTEIlff. See Puoteids. 

' GSiYCOSAMIUTB, COH(GHOH)‘.CH2.NH2 (G. Ledderhose, Bent. 

Ghcm. Ges. Bar. ix. 1260). The hydrochloride of this base, C^^H^^HO^HCl, is formed 
by boiling chitin for half-an-hour with strong hydrochloric acid. The chitin then 
dissolves, forming a hlaekish-brown solution, which when evaporated leaves the 
Iiy.iroi;hloride in liio form of shining crystals mixed with a black amorphous mass. 
If chitin he similarly treated, with addition of metallic tin, the solution formed has 
only a slight yellowish-brown colour, and the formation of the amorphous substance 
is entirely avoided. The crystals amount to about 40 per cent, of the chitin employed. 
They have a decidedly sweet taste, dissolve freely in water, sparingly in alcohol, 
forming acid solutions. They give with soda ley and copper sulphate a dark-blue 
solution, which deposits cuprous oxide on warming. 

Glycosamine hydrochloride is dextrogyrate, having a specific rotatory power, [aj^ - 
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70*6. It appears to ferment •rotli yeast. The solution of the free base has an alkaline 
reaction, and decomposes with brown coloration when evaporated. . 

The constitution of glycosamine is that of a carbohydrate in which HO is replaced 
by 

GXiYC'S'RBKZZXK' and GXiYCYRRBTZXf. Z. Eoussin {Arch, Pkarm. [3], 
viii. 156) observes that^lycyrrhizin is a tasteless substance, and ascribes the sweet 
taste of liquorice-root to an ammonia-compound of glycyrrhizin, which, like the com- 
pounds formed by that substance with potash and soda, has a very sweet taste. Ac- 
cording to Hibbermanu {Pent. Chem. Qes. Per. x. 870), amorphous commercial gly- 
cyrrhizin yields to glacial acetic acid a body which crystallises from alcohol in 
hemispherical groups of needles. It dissolves readily in water and in aqueous alcohol, 
less freely ir%absolute alcohol, scarcely at all in ether. In its reactions it resembles 
the amorphous compound described by Gorup-Eesauez (ii. 920), but has a different 
composition, and when boiled with dilute sulphuric acid yields a resinous body having 
the sweet and acrid taste of the original substance, 

Griessmeyer finds that glycyrrhizin is resolved into glycyrretin and fermentable 
sugar by boiling, not only with dilute acids, but also with saline solutions, and even 
with water J. ccix. 228). 

According to Weselsky a. Benedikt {Bent, Chem. G-es, Per. x. 1158), glycyrretin 
fused with potassium hydroxide yields nothing but paraoxybenzoic acid. 

GZiYOXAIi, 02H“02 = HOC — COH. Debus obtained this compound, together 
with glyoxalic acid and other products, by the action of nitric acid on alcohol (ii. 920). 
According to Lubawin {Bent. Chem. Ges. Per. viii. 768), it is better to use a 50 per 
cent, aqueous solution of aldehyde. In cylinders holding a quarter of a litre, the 
oxidation is completed in a week ; and the evaporated product consists mainly of 
glyoxal. 100 grams of aldehyde yield from 45 to 100 ©f the recrystallised compound 
of glyoxal and acid sodium sulphite. Lubawin has detected formic acid amongst the 
products of the action of ammonia on glyoxal, and explains the reaction in the same 
manner as Debus. 

GZiYOXAZiZlffZ:, This base, which Debus obtained, together with 

glycosine, by the action of ammonia on glyoxal (ii. 921), has been further 

examined by G. Wyss {Dcut. Chem. Ges. Per. ix. 1543 ; x. 1365). To prepare it, the 
evaporated residue of glyoxal obtained by Lubawin’s process is treated very gradually 
with ammonia in slight excess, the temperature being kept down. Glycosine then 
separates as a brown powder, and the fi.ltered solution contains the glyoxaline together 
with ammonia, chiefly as acetate. This liquid is boiled with milk of lime to expel the 
ammonia, then evaporated to a syrup, treated with absolute alcohol to separate 
mineral salts, and filtered ; the residue is strongly pressed to separate as much as 
possible of the liquid ; and the whole of this liquid is distilled from a wide-necked 
retort. After one rectification the glyoxaline is perfectly pure, and solidifies to a 
radiate, dazzling-white crystalline mass. It dissolves easily in water, alcohol, and 
ether, hut is not deliquescent, and crystallises in thick nacreous prisms. It has an 
alkaline reaction, and emits a slight fishy qdour when warmed. Its vapour-density, 
determined in sulphur-vapour (it suffers scarcely any decomposition at 447°), is 2'35 ; 
hence its molecular formula is (not as supposed by Lubawin). 

Peaotions. — 1. Acetic anhydride and the chlorides of acetyl and benzoyl are 
without action on glyoxaline, even when heated with it, or, at least, form only addition- 
products. From this it might be inferred that glyoxaline is a tertiary base. But if 
it be boiled for some hours with ethyl bromide, the syrup remaining after evaporation 
on the water-bath taken up with water, the bromine removed by freshly precipitated 
silver chloride, and platinic chloride added to the concentrated solution, there gra- 
dually separates a salt having the composition [C^H^N-(C'H^)(C“H®)Cl]'^FtCB -i- ^H^O. 
Hence the reaction between glyoxaline and ethyl bromide takes place as represented 
by the equation : 

C^H^N^ + = C3H3N2(C2H^)(C2H^)Br + HBr. 

By treating the brometliylate with moist silver oxide, the hydroxide may be 
obtained as a strongly alkaline liquid, which, when dried in a vacuum over sulphuric acid, 
changes to_ a deliquescent crystalline solid. Penzyl chloride acts on glyoxaline in a 
perfectly similar way. 

Glyoxaline is quite unaffected by chromic acid, and by reducing agents of all 
kinds, but potasskm permanganate oxidises it completely, yielding formic acid and 
carbon dioxide. 

When concentrated solutions of glyoxaline sulphate and ^potassium nitrite, op of 
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thefhjdrocbloride and silver nitrite, are heated for a long time, the mixture evapo- 
rated, and the residue exliausted with absolute alcohol, a nitroso-derivat ive 
possessed of acid properties is obtained. The alkaline salts of this body are reddish- 
brown, and give with solutions of metallic salts, amorphous variously-coloured 
precipitates. 

TTihromoglyomlinic acid, O^HBr^N", is produced, together ^th glyoxaline hydro- 
bromide, by the action of bromine on an ethereal or (better) aqueous solution of 
glyoxaline. In the latter way a bright brown precipitate is formed, which may be 
crystallised from a large quantity of boiling water. It is readily solubl^ in alcohol, 
almost insoluble in cold water, and sparingly soluble in ether, chloroform, and carbon 
disulphide; soluble in alkalis, and precipitated by acids. With the exception of 
hydrocyanic acid, it is the only known organic acid not containing oxygen. Most of 
its salts are insoluble. The silver-compound, when boiled with ethereal Solutions of 
methyl or ethyl iodide, and ethyl-tribromoglyoxalinates, well- 

crystallised bodies, insoluble in water and alkalis, soluble in alcohol and in ether. 
On treating them for some time in warm alcoholic solution with sodmm-a7ncdgam, the 
bromine contained in them is displaced by hydrogen, yielding methyl- and ethyl- 
glyoxaline, "C^H^(CH^)N2 and which are oily bases forming deli- 

quescent hydrochlorides and crystalline platinochlorides, that of the mei^,ayl-deriva- 
tive crystallising in slender yellow needles, and that of the ethyl-derivative in 
yellowish prisms. 

Si iver-glyoxa line is obtained as a granular insoluble precipitate when silver 
nitrate is added to a solution of glyoxaline — 

2C3H^N2 AgN03 = C^H^AgN^ + 


or better by adding caustic soda to a mixture of glyoxaline and silver nitrate. The 
reaction of acetyl chloride on this body gives unsatisfactory results; the iodides of 
methyl and ethyl, however, act upon it in the cold, giving, besides small quantities of 
the above-mentioned homologues, insoluble doughy compounds, not yet investigated. 
Constitution of Grlyoxaline. — The facility with which one of the atoms of this base 
can be replaced hj metals and alcohol-radicles makes it probable that glyoxaline is 
an imide*hase, and its reaction -with the alcoholic iodides points to the conclusion that 
it is also a nitril-base. Such a constitution may be represented by the formula 

yCR Hv 


<1 
\CH- 


-ch)''* 


The incapability of glyoxaline to yield an acetyl-derivative with 


acetyl chloride is no proof of the absence of an imidogen-group, since the phenylated 
guanidines, as well as some other bases, exhibit the same peculiarity. Assuming this 
constitution, some of the above bodies may be thus formulated 


/BE G^KK 

N<f| >N.C2H5C1 

\CH— CH^ 

Chlorethylate of ethyl-glyoxaline. 




/yOH Ag^ 


Silver-glyoxaline, 


//CBr Hv 

Nf I ■ V 

\CBr— CBr'^ 

Tribromoglyoxalinic acid. 

/.CH CH\ 

Methyl-glyoxaline. 


Grlycosine, the base formed simultaneously with glyoxaline, has been but little 
studied. It forms, however, with silver nitrate, a double salt, C^H^NbAgNO^, and 
exhibits the remarkable property of dissolving easily not only in acids but likewise 
in soda-ley at the boiling heat. 

G3C.VOXirXi-CAXlBiLMZDi: or = 

CH^(C-H02)N20. (L. Medicns, Liebig’s Annalen, clxxv. 230 ; Lent. Chem. Ges. JBer. 
ix. 1162; X. 544.) This appears to be the constitution of an acid, isomeric with 
lantanuric acid, the potassium salt of which was obtained by Strecker, with brisk 
evolution of carbon dioxide, on adding acetic acid to a solution of the potassium- salt 
of the acid called by Strecker oxonic acid (g.v.) 

It is also formed, together with urea and carbon dioxide, by boiling uroxanic 
acid with water : 

= 00= -t- 


The resulting solution concentrated and left to evaporate leaves a syrupy liquid, and 
on neutralising this with barium carbonate, dissolving in water, and adding alcohol, 
a precipitate is obtained consisting of the hariwn salt of glyoxyl^urea, (C^]Sr-H“0^)'-^Ba. 
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Phe mtassum salt is a crystalline powder ; the silver salt an amorphous powder. 
Jljosyl-nrea itself crystallises in thick shining needles, slightly soluble in cold, easily 

n hot water. ^ ^ j 

Giyosyl-nrea breaks up, under the action of potassium hydroxide, in the manner 

ndicated by the following equations 

.NH--^CH(OH) OH(OH)^- 

OOC I + 2H=0 - CO< + i ; 

\NH—CO COOH 

• CH(OH)- COOH cm 

3 1 = 2| +1 + 2H20; 

COOH COOH COOH 

fS 

he ultimate products being ammonia, acetic acid, and oxalic acid, 

GZiVOX'SrXi-PXCiSLHBil.lMCZBS or -BZUREXBX:, 

NH—CH— HH— CO— HH2 
G^H®K^03 ^ 0O< I 
\NH— CO 

Phis is the constitution of allant oin, which may in fact be formed by heating gly- 
)xylic acid with urea (p. 57). 

GXiiroXYXiiXC ACIB, C^HW (Debus) ; C^H^O"* = CH(OH)-—CO.OH (Perkin). 
5ee ii. 922 and 1st Siippl. 650. The constitution of this acid has been further 
jxamined by Perkin {Chem, Soc, Jour. 1877, ii. 88). The glyoxylic acid was prepared 
ly decomposition of dibromacetic acid, which is readily obtained by treating acetic 
inhydride with bromine, and subjecting the resulting monobromacetic acid to the 
urther action of bromine at the boiling heat and in sunshine. The silver salt of this 
icid, when boiled with water, is resolved, with rise of temperature and formation of 
diver bromide, into dibromacetic and glyoxylic acids : 

2C2HBr2Ag02 + 2H20 = 2AgBr + C^H^Br^O^ + C^H^Oh 


The same salt, boiled with alcohol, yields a mixture of (probably) ethylic dibromacetate 
ind ethylic diethylglyoxylate, CH(OC-H^)“ — COOC^H^ Heated to 100° with dry 
3 thyl oxide, silver dibromacetate yields an oily product which, when purified by agita- 
:ion with ether and sodium carbonate, has the composition C'‘H-Br-0^ its formation 
ceing represented by the equation 20“HBr-AgO“ = 2AgBr + C'^H^Br'-’O** ; and this oil, 
vhen treated with water, is decomposed into dibromacetic and glyoxylic acids : 


C^H^Br^O^ + 2WO = C^H^Br^O^ + O^H^O^ 


Ct appears to possess the properties of an anhydride, and may be regarded either as a 

vCO 

iibromacetoglyoxyllide, 0^ I , or as a double anhydride, 

\0H(0G=HBr2O) 

30—0-00 

I I • 

3HBr2 CHO 

The aqueous solution of glyoxylic acid, if quickly evaporated over sulphuric acid 
n a vacuunj, leaves merely a gummy mass ; but by slower evaporation over sulphuric 
icid under the ordinary atmospheric pressure, the acid is obtained in crystals which 
ire apparently oblique rhombic prisms, but it is not easy to make out their form, as 
hey are small and rather confused ; moreover, they are produced in a very thick liquid 
md deliquesce rapidly when taken out; The acid is very soluble in water and in 
ilcohol, tastes very much like tartaric acid, melts to a syrupy liquid when heated, and 
lannot he distilled without decomposition. 

When heated to 120^-130® for five hours with absolute alcohol, it yields a colour- 
ess liquid consisting of the ethylic ether of diethyl-glyoxylic acid, 
3H(OC^H0"— COOC^H^. 

The ammonium salt, obtained by decomposing calcium glyoxylate with ammonium 
)xalate, or by neutralising glyoxylic acid with ammonia, has, after evaporation in 
1 vacuum, the composition or C2H(NH^)0^, and is the compound which most 

’avours the formula C^H^O® proposed for glyoxylic acid by Debus. This salt, however, 
:hough quite neutral to test-paper, when freshly prepared, like the glyoxylates of 
ootassium and sodium, becomes acid when its solution is evaporated in a vacuum, 
iven after having been rendered slightly alkaline with ammonia, which dissolves it 
vifch great facility. From these properties Perkin infers that the compound in question 
.s not a true ammonium salt, but an amido-acid formed from the ammonium glyoxylate 
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(pJodiiced in tli^e first instance) by elimination of H-O, and interchange between the 
group NH- and an OH-group ; thus : 

CH(OH)(OH) CH(NH-)(OH) 

1 = H^O + I 

CO(ONH0 CO(OH) 

Ammoniuin glyosylate. Amidoglyoxyllc 

• acid. 

Amidoglyosylic acid is similar in constitution to aldehyde-ammonia , CH( NII-)OH — CH^ 
the GH^ being replaced by carboxyl. ^ 

This view of the constitution of the compound obtained by neutralising glyoxylic 
acid with ammonia receives some support from the fact that a compound exhibiting 
both acid and basic properties is obtained in like manner by decompc^iug calcium 
glyoxylate with oxalate of aniline. The substance thus produced is non-crystalline, dis- 
solves easily in ammonia, and is likewise soluble in hydrochloric acid ; and the solution, 
when evaporated, leaves a soluble hydrochloride from which a platinochloride may 
he prepared. 

Debus, on the other hand (ii. 922), maintains that the ammonia-derivative of 
glyoxylic acid is a true ammonium salt, inasmuch as it is formed from oftlcium giy- 
oxylate by the ordinary process of double decomposition, and yields silver glyoxaiate 
by decomposition with silver nitrate.’*' The acidity of the evaporated salt he attributes 
to the partial loss of ammonia, which is constantly observed in the evaporation of 
solutions of ammonium salts (p. 75). He therefore still considers that glyoxylic acid 
is correctly represented by the formula C-H-0®, which is likewise most in accordance 
with the fact that glyoxylic acid is formed by direct oxidation from glyoxal, 

Beactions. — 1. When hydrochloric acid is added to a mixture of syrui^y glyoxylic 
acid and hydrocyanic acid, and the mixture is set aside for some weeks, crystals of 
sal-ammoniac separate, and the solution, if then agitated with ether, yields a small 
quantity of oxali c acid ; and on evaporating it to dryness at 100° and extracting the 
residue with absolute alcohol and ether, a solution is formed containing glycoilic 
acid. 2. Wlien a dilute aqueous solution of glyoxylic acid is agitated with silver 
oxide, and hydrogen suljyhide is passed into the liquid, there is obtained, together with 
oxalic acid, a syrupy sulphuretted acid which is hut partially precipitated by lead 
acetate, and may thus be separated from the oxalic acid. The solution of its potassium 
salt forms precipitates with lead acetate, mercuric chloride, and barium chloride. 
The acid is easily etherified. It probably consists of ‘ mercaptan-glycollic acid’ 
[? thioglycollic acid]. 3. Grlyoxylic acid is strongly acted upon by aoeiio anhydride, 
and sodium acetate (Perkin’s reaction), but neither fumaric nor maleic acid could be 
discovered in the dark-coloured product, the only substances present, besides glycoilic 
and oxalic acids, being a dark-coloured syrupy compound having an odour of burnt 
sugar (Bottinger, BeuL Chem, Ores. Ber. x. 1084). 

GMBXiXXriTi:. This mineral occurs in Nova Scotia in two distinct types, the 
first of which, occurring at Two Islands and Cape Blomidon, exhibits +B and — E 
almost in equilibrium, together with coE, OP, and coP2. The prism ccR is horizon- 
tally striated ; ooP2 has somewhat rounded edges, and the colour is light flesh-red to 
milk-white. The second type occurs on the Five Islands, eight miles distant from Two 
Islands. In this type there is an entire absence of OP ; —E is scarcely discernible, 
coE exhibits a strong lustre on its faces without a trace of striation. The charac- 
teristic form of this locality is — 2E, which is distinctly striated parallel to its com- 
bination-edges with E, the crystals being complete rhombohedrons, some faces being 
well developed, whereas other crystals, when small, exhibit driisy faces. Colour 
darker than in the crystals of the first type. Gmelinite from Bergen Hill occurs in a 
type intermediate between the two already described, as E and — E are unequally 
developed, and OE and coP2 are not present. Chemical composition as follows : 



SiO» 

A1=0" 

Fe*0" 

CaO 

m-0 

11=0 

H"0 


Two Islands 

, 61-86 

17-81 

0-15 

5-68 

3-92 

0-23 

20-96 = 

100-11 

Five Islands 

. 50'45 

18-27 

0-17 

1-12 

9-79 

0-20 

20-71 = 

100-71 

Bergen Hill . 

. 48-67 

18-72 

0-10 

2-60 

9-14 

— 

21-35 = 

100-58 


Prom the above analyses it is evident that the chemical composition exerts a con- 
siderable influence upon the crystallographicai type. G-melinite from Five Islands 
contains a large amount of soda, and has a rhombohedral type, E predominating ; that 
from Bergen Hill exhibits no particular characteristics, whilst that Horn Two Islands, 

^ It must te observed, however, that Perkin does not deny the foimation of ammonium glyoxylate 
in the first instance, or its existence in solution, but considers that this salt is converted into an 
amido-compound by loss of H.“0, on evaporation in the manner above described. 
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in wMcii there is a large proportion of lime, is remarkable for its pyramidal characfer 
(Howe, Sill. Am, J. [3], xii. 270). • 

GlsrSXSS- The sp. gr. and amount of silica in a series of varieties of gneiss in 
the Black Forest of Baden have been determined by Vogelgesang {Jahrb.f. Min. 1873, 
4311 ; 

lie. Gneiss fi:om th% neighbourhood of Zindelstein, 9 kilom_. W.N.W. of Donau- 
echingen: 1. Ordinary gneiss. 2, Porphyritic. 3. Pine- veined, resembling mica-slate. 
4. Brown porphyritic. 5. Bed granular-veined. 6. Thin, scaly gneiss, resembling 
hornblende. ^ and 8. Gneiss from Unterkirnach, 6 kilom. W.K.W. of Villengen. 
7. Coarse-veined gneiss. 8. Granular-veined, imbedded in the preceding in layers from 
1*5 to 2 meters thick : 

<^123 456 78 

Sp. gr. . . 2-708 2-724 2*712 2-685 2-617 2-769 2*725 2*650 

SiO“ per cent. 55 56 59 63 65 53 56 75*3 

The first three varieties, after several days’ treatment with cold dilute sulphuric 
acid, yielded, in solution, the following quantities of substance : 

1. = 23-64 2. = 14*84 3. 23*48 per cent. 

The last acid extract contained. 6 per cent. SiO-, 6 per cent. Fe^O®, 5 per cent. AFO’*, 
together with the greater part of the CaO, MgO, and alkalis present in the rock, 
therefore nearly half its amount of bases, but only about ^ of the amount of the silica 
present. The analysis of rock No. 4 gave : 

Loss by 

SiO® A1®0® l’e®0® CaO MgO Alkalis ignition 

63-34 15-44 11-89 2*93 1*76 3-36 1-29 = 100-01. 

A petrographic description of the gneiss of Sweden has been given by A. E. 
Tomebohm {Jahrh. f. Min. 1874, 131). P. Schweitzer {Am. Chem. iv. 443) has 
analysed the quartz, felspar, and mica of the granitic gneiss on which New York is 
built. (See also Jahresb. f. Chem. 1874, 1244, 1250, 1258.) 

On the Heat-conductivity of Gneiss, see Heat. 

071 G7ieiss-granulite, see Geanulite. 

GOBTHZT&. This variety of ferric oxide is found in Adair County, Missouri, 
in cavities of calcite concretions, forming crystals from -I to | inch long, aggregated 
in bundles at the base of the calcite from which they radiate. Sometimes a single 
crystal shoots directly though a calcite crystal. Sometimes also a quartz crystal is 
seen penetrated in various directions by goethite. Minute, velvety balls of goethite, 
not larger than ^ of an inch, are also found resting on the calcite (Broadhead, Sill. 
A'm. J. xiii. 419). 

GOXiB. Occurrence. — Gold in a state of fine crystallisation is found at Vorospatak. 
The predominating forms are 0 and ooOco , often in equilibrium, with occasionally 
303 and coO and oo02 in combination, but the cube generally predominates. A twin- 
formation appears to be general, occurring even with gold in the form of ‘ plate ’ and ‘ foil.’ 
The faces of ooOoo are also often characterised by a fine double striation parallel to 
the cubical edges, also the combination-edges of ooOoo with 0. The octohedral faces 
generally exhibit an eqnilateral striation, and depressions are sometimes observed on 
the cubical faces. The largest crystals found in this locality measured from 12 to 15 
mm. Twins of the ‘ middle crystal ’ are characterised by an abnormal development 
parallel to the combination-edge betw-een 0 and ooOoo , whilst twins of the form oo02 
are curtailed in the direction of a triagonal axis, and have the appearance of a very 
regular obtuse hexagonal pyramid. Gold occurs also at Vorospatak acicular, and as 
‘ wire,’ and crystals which at first sight appeared to be prisms, were found in reality 
to be peculiar ‘ penetration-twin’ cubes, with oo02 in combination. The plate and 
foil formations are produced by twining with an abnormal development parallel to a 
face of the octohedron (G. vom Eath, Jahrb.f. Mioi. 1876, 866). 

In Idaho (U.S.), gold occurs in seheelite, intimately associated with small quantities 
of pyrites, chalopyrite, and leucopyrite. In the Golden Q,ueen Mine, Lake Co. Colorado, 
gold occurs ill seheelite in small crystalline granules, filling what appears to have 
been a geode of seheelite crystals (B. Silliman, Sill. Am. Jf. xiii. 451). 

E. Cohen {Jahi'b.f. Mm. 1873, 511) describes the occurrence of gold at Marabastad 
and Eersteling in South Africa. The gold is diffused through quartz- veins in meta- 
morphic slate, v/hereas the quartz-veins in the granite appear to be free from it. In the 
secondary beds the gold is very widely diffused, but seldom occurs in large quantities 
in any one place. In Mindano, one of the Philippine Islands also, gold is rarely found 
in quartz-veins, but mostly in secondary strata, accompanied by platinum, lead (?), 
magnetic iron ore, specular iron ore and zircon (Minard, Bull. Soo. Chim. [3], ii. 403). 
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« Specimens of native gold have been analysed by A. H. Church {Chem, News, xxix. 
J.99, 209 ; xsxi. 153) : a. From Ladoek in Cornwall; b. Ashantee gold ; c. Gold from 
Wanlockhead in Scotland ; d. From Sutherlandsliire : 


An 

Ag 

Cu 

Fe 

SiO'-’ and loss 

Sp. gr. at 16° 

92-34 

6*06 

— 

trace 

1-60 = 100 

— 

90-055 

9-940 

trace 

trace 

— = . 99*995 

17-55 

86-60 

12*39 

— 

0-35 

— = 99-34 

16-50 

79*22 

20*78 

— 

— 

— = 100 

16-62 


Analyses by E. Smith of gold from Queensland : (a) from Gilbert Biver, (5) from 
Paddy’s County, have been published by E. Daintree {GeoL Soc, Qu, J, xxviii. 297): 

An Ag Cu Pb Bi Pe 

89-920 9*688 0-128 0-026 — 0*070 = 9«-832 

92-800 6-774 0*048 0*048 trace 0*014 = 99-684 

The following samples obtained by melting gold direct from the mines have been 
analysed by S, Kern {Che7n, News, xxxvii. 23). 


1 2 3 4 5 


Gold . 



. 99*46 

99-280 

98*50 

94*20 

96-75 

Silver 



. 0-52 

0-640 

1*48 

5*76 ^ 

3-17 

Lead . 


. 

. traces 

0*005 

traces 

0*01 

0-01 

Copper 



. 0*01 

0-070 

0-01 

0-01 

0*06 

Bismuth . 



. 0*01 

0*005 

0-02 

— 

— 

Iron . 



— 

— 

— 

traces 

none 


No. 2 could be hammered in the cold, but fell to pieces when being forged in a 
heated condition. Specimen plates from these alloys tore easily, and were very 
brittle. Ingots prepared from them after they had been worked with nitric acid 
and refined by cupeilation, showed no brittleness, forged well, and were free from 
lead, bismuth, and iron. These results confirm the experiments of Eoberts as to the 
effect of lead, antimony, and bismuth, in imparting brittleness to gold. Gold con- 
taining notable traces of arsenic showed no brittleness ; but -05 to *08 per cent, of 
arsenic was found to prevent gold being readily worked rmder the hammer. 

Trejpamiion. — On the separation of the gold (about 18 per cent.) contained in the 
silver chloride formed in the purification of argentiferous gold by means of chlorine 
gas {Isi 652), see 2nd Suj^jpl. 575. 

On the separation of gold from silver, and the preparation aifine gold, as practised 
in the Assay Office at Frankfort-on-the-Maine, see H. Eossler {Liebig^ s Annalen, clxxx. 
240 ; Jahresb.f. Chem. 1876,285). 

For recovering the small quantities of gold remaining in baths which have been 
used for electro-gilding, Bottger boils the liquid with a strongly alkaline solution of 
sodium stannite, whereby a velvet-black precipitate is formed containing gold and 
tin. This precipitate is washed and dissolved in the smallest possible quantity of 
aqua regia, and from this solution the gold is precipitated in the metallic state by acid 
sodium tartrate {Beut, Chem. Ges. Ber, 1876, 285), 

W. Skey finds, contrary to the statement of Daintree {^nd Supgl. 574), that when 
a piece of gold is immersed in a solution of auric chloride, and an organic substance, 
such as wood or cork, is likewise introduced into the liquid, only a small quantity ol 
gold is precipitated on the immersed metal {Chem. News. xxx. 162). 

For the preparation of precipitated gold (for gilding on porcelain, &c.), P. Weiss- 
kopf {JDingl. gol. J, ccx. 65) recommends the following process. To 750 c.c. of a 
slighUy acid solution of auric chloride are added 12 grams of commercial caustic soda 
dissolved in 200 c.c. water, 0-5 gram starch or milk sugar dissolved in 6 c.c. water, 
and then 6 c.c. alcohol of 80 per cent, and 6 c.c. aldehyde. The gold is thereby pre- 
cipitated in the form of a black powder, becoming cinnamon- brown when washed, 
and finer and softer than that which is obtained when ferrous sulphate is used as the 
precipitant. 

On the Eleetrodeposition of Gold, see Elbcteolysis (p. 711). 

Detection and Estimation.— A.Q,coi:^mg to S. Kern {Chem. News, xxxii. 171), potas- 
Siam thiocyanate is an extremely delicate test for gold. The gold is first separated 
from foreign metals, and then converted by addition of sodium chloride into NaAuCD. 
On adding this solution to the thiocyanate, an orange-red turbidity is produced, and 
soon afterwards a precipitate of the same colour. On slightly warming the liquid, 
however, this precipitate disappears, and the liquid becomes quite colourless. 

To detect gold in iron pyrites, H. BQh.-wQ.Tz {Dhigl. pol. J. ecxviii. 212) fuses 100 
grams of the powdered mineral with 46*6 grams of iron filings under a layer of com- 
mon salt. When cold the fused mass is broken up, and the resulting ferrous sulphide 
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dissolved in dilnte sulplauric acid. The solution being filtered of, the residue «on- 
taining the sulphide of gold is mshed, dried, and roasted on a tile ; some boras and 
2 grams of piu’c lead are then added, and the mixture fluxed in a muffle furnace ; a 
small button of lead is thus obtained, in which, after dissolving in ai^ua regia, the 
presence of gold can be easily recognised by the usual tests. 

^ For the o-old-assay of pyrites in Australia, a kilogram of the mineral is roasted 
dead and stirred up wilh water to a stiff paste ; a spoonful of mercury is then added, 
and the whole triturated in an iron mortar ; and after a while another equal quantity 
of mercury is added. The mixture is then treated with hot water, sodium carbonate, 
and 5 or 6 sf oonfuls of mercury, again triturated for some time, and the amalgam is 
levigated, collected, and distilled. This process yields from 80 to 90 per cent, of the 
quantity of gold that is obtainable by assaying in the dry way (Gr. Ullrich, Bingl ^ol 
J, ccxvii. 517)* 

Gold-amalgams. The liquid amalgams obtained by squeezing alloys of gold 
and mercury through chamois-leather always contain (at the ordinary temperature) 
0T26 per cent, of gold. At 0° the proportion is TIO percent, gold; at 20®, *126 per 
cent. ; and at 100°, *650 per cent. : these amalgams, therefore, behave like aqueous 
solutions. When glass capillary tubes are used instead of chamois-leather for the 
separation®f the liquid amalgam, no relation can be discovered between the diameter 
of the tube and the percentage of gold. 

The residues left after the action of nitric acid on solid or liquid gold amalgams 
are not homogeneous, which proves that there probably exist definite compounds of 
gold and mercury dissolved in excess of mercury, just as in aqueous solutions definite 
hydrates are mixed with excess of water (Kasantseff, Bull, 8oc. CUm, [2], xxx. 20). 
A mixture of gold and mercury heated to a temperature a little above the boiling 
point of mercury till its weight became constant, left an amalgam containing 10‘02 to 
10*5 per cent, mercury, which is the composition of the compound Au®Hg (Schnauss, 
Arch. Bharm, [3], vi. 411). 

Bromides (J. Thomsen, J. igr, Chem, [2], xiii. 337). The monohromide, or 
Autous Bromide^ AuBr,may be prepared by heating hydro-auric bromide, AuHBr^, 
in a porcelain dish, in such a manner that the heat may affect the bottom and not the 
sides. Water and hydrogen bromide then escape, and a solid mass is left consisting 
chiefly of the tribromide ; and this, when heated for some hours at about 115°, with 
occasional stirring, gives off bromine and a little hydrogen bromide, and finally leaves 
a yellowish-grey greasy mass having the composition AuBr. This bromide is a 
yellowish-grey, friable, greasy substance, permanent in the air, resolved at a tem- 
perature a little above 115° into bromine and gold, and converted by hydrobromic 
acid into gold and hydro-auric bromide : SAuBr-h HBr = Au^-i- AuKBrb 

The trihromide, gs Auric Bromide, AuBr^, is best prepared by acti ng on hydro- 
auric bromide with ether in a flask in which the liquid may be cooled by exhausting 
the air. A drop exposed on a glass plate till the ether has evaporated shows under 
the microscope a dark, very fine layer of regular crystals. In preparing large quanti- 
ties of the bromide, the concentrated solution must be evaporated at a very low 
temperature. Auric bromide forms a dark-brown powder which is anhydrous and 
not deliquescent. It is perfectly soluble in water and ether, and the solutions are 
almost black when concentrated. An aqueous solution of auric bromide is easily 
prepared by shaking auroso-auric bromide for some time with warm water. A 
solution of auric bromide is reduced by sulphurous acid, first to aurous bromide, and 
then to metalhc gold, the strongly coloui’ed solution being first completely decolorised 
without formation of a precipitate, and the colourless solution yielding with potassium 
iodide a precipitate of aurous iodide having a fine yellow colour. The second stage 
of the decomposition takes place after a few minutes only, gold being separated and 
the liquid again becoming coloured dark brown by reproduction of the tribromide. 

Hydro-auric Bromide, AiiHBr^ + 5H-0, is prepared by pouring bromine on 
pulverulent gold, and when the reaction is over, adding a quantity of hydrobromic 
acid (sp. gr. i'38) equal in weight to the gold employed, and then as much bromine 
as is required to dissolve the gold completely. The solution left to itself at ordinary 
temperature soon deposits large, flat, needle-shaped crystals, having a dark cinnabar- 
red colour ; they melt in their water of crystallisation at 27°, but may be preserved 
without alteration at ordinary temperatures, either in the air or over lime or sulphuric 
acid. 

The dihromide^Gs Auroso-auric Bromide, Au^Br*, or AuBr.AuBr’^, formed by 
the action of bromine on finely divided gold, is a nearly black, brittle, non-deliquescent 
mass, which decomposes at 115° into the monobromide and free bromine. It dissolves 
slowly in water, with absorption of heat, and formation of aurous and aiu'ie bromides. 
It is more quickly decomposed by acids, and partially by anhydrous ether, auric 
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breniide being dissolved, while the residue, probably consisting chiefly of aurous 
bromide, decomposes slowly, leaving metallic gold. 

'Cblorides (Thomsen, loo, cii^ The monoohloride^ or Aurous Chloride^ 
AuCI, is formed by heating the trichloride to 18o°, the completion of the change 
being indicated by the yellow colour of the product. 

The trichloride^ 0-2 Aurio Chloride, AuCl^ is rapidly® and easily prepared by 
decomposing auroso-auric chloride with a small quantity of water, the complete de- 
composition of the separated aurous chloride into auric chloride and gold being pro- 
moted by heating. On decanting the solution from the separated gold, evaporating 
it slowly, and finally <^ing the residue at 150°, the trichloride remains in the form 
of a dark hrown ciystalline mass. As dilute solutions of auric chloride are apt to 
decompose during evaporation, care must be taken to have the solution sufficiently 
concentrated ; also to protect the sides of the basin from overheating. Auric chloride 
is also obtained as a bye-product, during the preparation of auroso-auric chloride, in 
the form of large, reddish hrown, laminar crystals. It is very deliquescent in damp 
air, and very soluble in water, forming a dark red solution. 

Hydrated Auric Chloride, AuCP + 2H20, is formed when the solution of auric 
chloride, prepared as above, is concentrated by evaporation till a pelli(ie forms on 
the surface, and separates in large dark orange-coloured brittle crystals otten grouped 
in tufts; they are very hygroscopic and deliquescent, but give off their water of 
crystallisation in dry air, even at ordinary temperatures. 

The dichloride, AuCP, or Au^Cl^ or Auroso-auric Chloride, AuCl.AuCP, is 
easily obtained by the action of dry chlorine gas on spongy gold (best prepared by 
precipitation with sulphurous acid, boiling with nitric acid, washing, and drying at 
170°). It is a dark-red, hard body, easily reduced to a fine powder, very hygro- 
scopic, and decomposed by water into aurous and auric chlorides, which may be sepa- 
rated from each other by rapid filtration ; the aurous chloride, however, is decom- 
posed by washing ^ into chloride and metallic gold. The dichloride is decomposed 
at 250°, into chlorine and auric chloride, part of which volatilises in the rapid current 
of gas. 

By acting on auric chloride with silver jiuoride, F. W. Clarke [Bill. Am, J. [3], 
xiii. 291) has obtained a brown mixture of auric oxide and silver chloride, the gold 
fluoride probably formed in the first instance being decomposed by the water present 
into auric oxide and hydrofluoric acid. 

Auric Hydroxide, AuHO^, or Au^OMI^O, is best obtained, according to Thomsen, 
by heating a very dilute solution of auric chloride (about 1 mol. AuCP to 800 mol. 
water) with 3 mol. sodium hydroxide— whereupon the liquid becomes first bric^ht 
yellow and then dark bpwn— and adding a solution of sodium sulphate, which tlirows 
down the auric hydroxide in the form of a dark brown precipitate. It is insoluble 
in water, but dissolves easily in very dilute bydrobromic acid, less easily in very 
dilute hydrochloric acid (Thomsen). 

Sulphides. According to A. v. Schrotter and E. Frivoznik [JDingl. ^ol. J. 
ecxiii. 360), it is not possible, with the materials and processes commonly used, to 
obtain definite compounds of gold and sulphur by precipitating gold-solutions with 
hydrogen sclphide, whether these solutions are acid or neutral, cold or hot, dilute or 
concentrated, the precipitates formed being almost always mixtures of a sulphide of 
gold with free gold or free sulphur. Neither can a definite sulphide of gold be 
obtained by dissolving the precipitated sulphide in a solution of the sulphide of an 
alkali-metal, because, when the solution thus formed is decomposed by an acid, the 
resulting precipitate is always mixed with free sulphur, which cannot be removed 
without decomposing the gold sulphide. 

According to W. Skey [Chem. News, xxx. 36), gold sulphide is dissolved at 
ordinary temperatures by potassium cyanide, and is slowly attacked by mercury with 
formation of mercury sulphide. 

G‘0XiII<-BH03ffZ£S« Tungsto-potassic Tungstate. See Ttus’CtStates. 

GOMBO. The gombo [Hibiscus synacus), a malvaceous plant cultivated in 
S:^ua and Egypt for the sake of its fruit, is also used for the manufacture of paper. 
The fibre is prepared for the purpose by mechanical treatment in running water 
mthout the aid of any chemical process; and the paper produced from it is said to 
be equal in beauty and tenacity to the best rag paper (E. Landrin, CompL rend, 

hrTTsr. 11x9.1 


CRAHAMITE. This carboniferous mineral, originally found in Eitehie 
County, Virginia (Isi Swpfl. 653), occurs also in Mexico. In the Cristo mins in the 
north-western part of *he State of Vera Cruz, it forms a rein between shales and a 
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roof connected with the vein and separating the shale from the overlying con- 
glomerate; it is semigranular, cleavable, and separated in columns. An analysis 
by W. Wallace gave 62*14 per cent, of volatile matter, viz. 61*32 per cent, illuminatincr 
gas, 0*46 sulphur, and 0*36 water, and 37*36 per cent, coke, containing 31*36 carhop 
0*37 sulphur, and 5*86 ash. Both grahamite and albertite (a black shining mineral 
resembling cannel coal^tfi’om Albert County, New Brunswick), {Chein. Xews, vi. 182), 
appear to have been formed from petroleum by loss of hydrogen and assumption of 
oxygen (J. P. Eimball, Sill. Am. J. [3], xii. 277). 

GXliilKCaiATXTB. See Hoenblende. 

GRA^riTB. The following nomenclature for the several varieties of granite 
rocks is proposed by Bf. Eosenbusch {ZeitscJir. geol. Ges. xxviii. 369 ; Jahrh. f. Min. 
1877, 544) ; 'MiLSCovite granite, composed of quartz, orthoclase, plagioclase, potash- 
mica ; GranitUe: quartz, orthoclase, plagioclase, magnesia-mica ; Aonphihole ot Horn- 
blende granite : quartz, orthoclase, plagioclase, hornblende ; Granite : quartz, ortho- 
clase, plagioclase, potash-mica and magnesia-mica ; Hornblendiferous granite or 
AmpUbole granite containing magnesia-mica : quartz, orthoclase, plagioclase, magnesia- 
mica or hornblende, Forphyritio granites not unfrequently contain pyroxene. 

Eosenbj^ch also describes the transitions of structure from granite, especially 
hornblende-granite, to quartz-porphyry, and gives the composition of two extreme 
varieties, from the Vosges, analysed by Unger : 

(p. Tjrpieal variety of granite from the Andlauthal below Hohwald. (2). Por- 
phyritic variety from the Kirneckthal near Fontaine Laqoiante : ^ ^ 

SiO“ A1=0® Fe-0=* FeO CaO MgO K®0 NFO H“0 

(1) . 71*785 17*518 2*279 1*026 1*892 0*778 2*890 2*045 0*818 = 101*031 

(2) . 68*629 17-184 3*586 0*204 2*414 1*111 3*667 2*110 1*066 = 99*971 


On the relation between Granitic and Porphyritic structure, and on the genesis of 
Granite, see also K. A. Losson (Jahrh. f. Mm. 1875, 542). 

On the Granite -porphyries of Saxony, see Poephyry. 

, ^ 9^ Enclosures of Granite in the Volcanic Tufas of the Swabian Alps, see Dcfher 
(Jahresb.f. Cham. 1873, 1210). 

On the Granite of Barr-Andlau, see Unger (Jahrb. f. Min. 1876, 785 • Chem Soc 
Jour. 1877, ii. 416). ' , . . 

On the Granite-veins of the Granulite mountains of Saxony, see Credner (Jahrb 
f. Min. 1875, 751 ; Chem. Soe. Jour. 1876, i. 198). 

Action of Carbonic Add Water on G7'aoiite. — Pavesi a. Eotondi (Feut. Chem. Ges. 
Ber. vii. 818) have examined the action of water containing carbonic acid on erranite* 
by means of comparative analyses of the nucleus and decomposed crust of old morn in- 
blocks from the neighbourhood of Como. The specimens were taken from a depth of 
8 meters. (1). Unaltered nucleus. (2). Decomposed crust : 


Soluble 
in HCl 


(1) . 25*60 

(2) . 96*54 


CO'* 

2*43 


Fe=0= APO' 

1*99 66*91 

3*45 — 


CaO 

3*21 = 100*14 
= 99*99 


T experiments on the ripening of grapes by 0. St. Pierre and 

i/. iVlagnier (Compf. rend. Ixxxvi. 401), it appears that, as the grapes approach maturity 
they evoh^ caijon dioxide both in the dark and in daylight, this evolution taking 
place mdilferently in air or in any inert gas. When the observation is carried on for 
a sutiicient length of time, the quantity of carbon dioxide evolved is always found to 
be greater than that of the oxygen consumed. Grapes absorb or give off moisture 
accordingly as they are kept in damp or in dry places. As maturity approaches, the 
acids dimmish and the quantity of sugar increases. The mechanism of ripening 
appears to be the following : The acids and glucose are formed in the plant and carried 
by the sap to the grape, where the acids are destroyed while the sugar becomes con- 
centrated.^ When the grapes become over-ripe, the sugar is also consumed. 

Bipening of (grapes removed from the Uiwe.— Experiments have been made by 
Pollacci (Gazs. chim. ital. 1877, 517) to determine whether the process of ripening in 
sour grapes continues after they are separated from the vine. The mode of experi- 
meming consisted in taking bunches of sour grapes, dividing them as equally as possible 
both a.s to state of maturity, size, &c. of the grapes, and the weight ; then estimating 
tue glucose and the acid in one portion of the grapes just after gathering, and the 
same in another portion after the lapse of ten or twelve days, the grapes having been 
^ept in the shade. In every instance the amount of glucose had increased while that 
ot the acid had diminished ; this effect was still more marked when the grapes were 
exposed Jo sunshine. These results show that grapes gathered wlfflst guripe coptinue 



898 


GRAPHITE. 


to^ ripen ; the action, however, ceases after a certain time, so that the grapes never 
become fully ripe. 

GBAPHZTS. According to Gr. vom Eath {Jahrh. f. Min. 1874, 521), graphite 
occurs, partly massive, partly as a coating from 0'2 to 0*5 mm. thick, on calcspar, in 
fissures of a Middle Devonian limestone in the district of Wildewiese, Upper Eohrthal, 
Westphalia. A graphite containing 64*02 per cent, carbon, 2D13 ash, and 4*8 water 
occurs, together with iron pyrites and brown hematite, near Dobschau in Hungary. 
It is easily incinerated in contact with the air, in which respect it resembles anthracite; 
it might therefore be called graj^hite-cmthmcite (H. John, Verh. geol. 'Reichsanstalt. 
1874, 245). 

, Several specimens of graphite from Eottenmann in Styria have been examined by 
C. V. Hauer a. C. John {ibid. 1875, 159). They yielded 86*0, 27*4, and 36*5_ per cent, 
ash relatively to 14*0, 72*6, and 73*5 per cent, carbon. In other samples {ibid. 161), 
the proximate constituents of the ash and the sulphur were determined, with the 


following results : 

Total 

ash 

SiO’ 



CaO 

S 

1, 

32*5 

21*50 

1*75 

7-50 

1*25 

0*31 

2. 

60*9 

27‘50 

5*00 

25*50 

2*50 

0^4 

3. 

73*8 

39*50 

4*00 

6*75 

2*25 

0*38 

4* 

53*2 

33*50 

11*50 

5*75 

2*50 

trace 

5. 

24*9 

17*00 

3-50 

3*25 

trace 

0*22 

6. 

60*0 

39*50 

7*24 

11*75 

1*50 

0-38 

7. 

31*0 

21*50 

3-50 

4*25 

1*25 

trace 


Two specimens of graphite from the Stephanovsky Mine in Siberia have been 
analysed by S, Hern {Chem. JSefWS^ xxxii. 229) : 


C 

SiO" 


A1=0“ 

CaO MgO 

Volatile 

matters 

s 

36*06 

37-72 

4-02 

17-80 

1-20 

8'20 

trace = 100 

33*20 

43*20 

3*05 

15-42 

1*06 

4-03 

0*04 = 100 


At Mugrau in Bohemia, graphite occurs in long layers enclosed in gneiss, and in 
immediate contact with limestone. The formation is included in the district hounded 
on the east by Plahen and Hrumau, and on the west by Winterberg. with a N.W.N. 
‘ strike,’ and an inclination of from 30®-80°. Most of the graphite from this locality 
is of good quality. The gneiss appears to he considerably decomposed in the immediate 
neighbourhood of the graphite vein, being in some cases richer in iron, and occasionally 
passing into graphite-gneiss, the rock being thoroughly impregnated with graphite, and 
of a black colour. At the contact-zone of the graphite and limestone, the graphite is 
accompanied by caleite, ehloropal (i. 921), and a new mineral called ibileite (q.v.) 

Magnetic properties of Graphite . — The particles of iron carbide which are loft 
behind when iron is dissolved in acids are magnetisable and become permanently 
magnetic. Of four pieces of native graphite examined, the most ferruginous, probably 
from Baireuth, exhibited diamagnetism between the poles of a powerful electromagnet ; 
the other three were magnetic (A. L. Holz, Fogg. Ann. cli. 69). 

On the Specific Heat of Graphite, see Heat. 

On the behaviour of Graphite at high temperatures, see Cabbon (p. 404). 

Gr. Eose found that laminar graphite is more difS.cult to burn than diamond — a 
statement confirmed by E. Blindow {Bent. Chem. Ges. Ber. ix. 19) — but that compact 
graphite burns more readily than diamond. When these several forms of carbon 
were heated in the muffle of an assay furnace, it was found that in the course of 
thirteen minutes there were burned : of laminar graphite, 27*45 per cent. ; of diamond, 
97*76 ; of compact graphite, 100 {Berl. Acad. Ber. 1872, 516). 

Analysis . — For the valuation of graphite, Wittstein {Bingl. pol. J. eexvi. 45) re- 
commends the process used by Berthier for determining the value of a substance as 
fuel. 1 gram of the finely pulverised graphite is mixed with 25 grams of pulverised 
litharge ; the mixture is introduced into an unglazed porcelain crucible, and covered 
with 25 grams of litharge ; and the whole is slowly heated between the coals. 34 parts 
of reduced lead are equivalent to 1 part of carbon. 

To determine the other constituents, 1 gram of the finely pulverised graphite is 
heated to low redness, and the loss of weight estimated as water, then fused with a 
mixture of sodium and potassium carbonate and a small quantity of solid potassium 
hydroxide, whereby a complete disintegTation of the insoluble constituents, such as 
clay and quartz, is obtained- The loss of carbon consequent on the partial destruction 
of the graphite in this treatment has no essential influence on the result of the analysis, 
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inasmuch as the other constituents, as silica, alumina, ferric oxide, &c., can be estimated 
by weighing, and the final loss reckoned as carbon and added to the carbon directly 
obtained. 

On the estimation of Gra'phite in Cast Iron, see Ikon. 

GRAPHITIC ACXB. See Carbon (p. 403). 

GRBEirSTOSrE. Analyses by Gr. Dietrich of two greenstones from the Adalbert 
jMine in Pr 2 dbram, at the depth of 1000 meters, haye been published by K. Vrba 
{Jahfb. f. Min, 1876, 437) : (1). Pine-grained mixture of predominant plagioclase 
with aiigite, chlorite, quartz, and fragments of ore. Grains of calcite are regarded l^y 
Vrba as original constituents of the rock. Sp.gr. —2*793. (2). Compact; poor in 
augite, which is almost wholly converted into chlorite. Sp. gr. =2*857 : 



SiO^* 


Fe=0^ 

FeO 

CaO 

MgO 

K’O 

Na=0 

co= 


1. 

58*82 

10*17 

5*05 

7*12 

10*27 

4*00 

0*68 

2*55 

1*47 == 

100*13 

2. 

51*50 

14*14 

3*65 

6*96 

8*08 

7*64 

1*19 

1*97 

4*96 = 

100*09 


The greenstone of the Terrace Mine near St. Stephen’s, Cornwall, contains scorodite, 
pharmacosj^erite and olivenite in its hollows and clefts. The scorodite is mostly 
found in stellar groups of very small crystals, less frequently in rhombic pyramids of 
a bluish“green colour ; the pharmacosiderite in small cubes and octohedrons of a deep 
green colour, and the olivenite in tabular crystals associated with scodorite (J. H. 
Collins, Jahrh.f. Min, 1876, 868). 

On Greenstone Trachyte, see Trachyte. 

GROUXiTB PEA. Arachis Jiy^ogm. The ash of this plant, cultivated in 
Virginia, has been analysed by W. S. Brown {Chem. News, xxiv. 147). In 100 parts 
of the pure ash — excluding ferric oxide, regarded as an accidental impurity — there 
were found : 



Root 

Stem 

Leaves 

Hiisk 

Seed 

... 

. 23*043 

25*902 

15*880 

37*395 

37*134 

Na^O . 

18*816 

3*063 

2*897 

3*763 

3*342 

CaO . . . 

. 28*130 

43*440 

53*712 

20*145 

3*749 

MgO . . . 

8*706 

13*296 

4*844 

13*506 

14*262 

P‘^0* 

3*684 

1*590 

4*679 

5-062 

29*102 

SO^ ... 

13*015 

10*613 

15*235 

17*749 

11*742 

Cl . 

1*162 

1*501 

2*533 

0*486 

0*346 

Si02 

3*705 

0*933 

0*791 

2*003 

0*401 


100*261 

100*338 

100*571 

100-109 

100*078 

Deduct 0 equivalent to Cl 0*261 

0*378 

0*571 

0*109 

0*078 


100*000 

100*000 

100*000 

100*000 

100*000 

The total amounts of ash in the several parts of the dried plants were as follows : 

Root 

Stem 

Leaves 

Husk 

Seed 


11*830 

13*288 

7*747 

2*586 

1*818 



Oil = 47*34 per cent. Nitrogen = 3*415 per cent. 

GUAXACOXi, C^H^O^. This compound is formed by the distillation of calcium 
vanillate (p. 291) with slaked lime : 


C«H^(OH)(OCH3)(CO-H) = CO-’ + C®HXOH)(OCH«). 

Vanillic acid. Guaiaool. 

GITAXACVZliK. The Besina Guajaei peruviana aromatica, used in perfumery, 
has been examined by A. Kopp {Arch. Tharm. [3], ix. 192). By distillation with 
water, it yielded 4 per cent, of a yellow volatile oil, having an odour recalling those 
of peppermint and lemons, and yielding by repeated fractionation a portion which 
boiled between 167° and 168°, and had the composition By fusion with 

potassium hydroxide, the resin yielded protocateehuic acid, together with other pro- 
ducts ; and by treatment with strong nitric acid, a nitro-compound, C-^H^'^N'^0*®. 
The resin, previously freed from the volatile oil, yielded, by dry distillation, a brown 
oil, from which, by fractionation, a deep blue oil was obtained, boiling at 285°-290°, 
and having the composition By distillation over sodium, this blue oil 

yielded a colourless oil having the composition 

The statement of Hadelich (ii. 947) that the blue coloration of ^aiacuni, under the 
influence of oxidising agents, is due to the guaiaeonic acid contained in it, has beeii 
confirmed by E. Schar {Vierteljahrschrift pr. Bharm. xxii. 68). 

3 N % 
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, GtTAZarA7trATXTS. A selenide of bismuth, from Guanajuato in Mexico, first 
noticed by Gastello in 1873 (Jahrh, /. Min. 1874, 225), who regarded it as a sulpho- 
selenide of bismuth. It was afterwards analysed by I'ernandez {Sill. Am. J. [3], 
xiii. 319), who regarded it as essentially a selenide of bismuth, and by Eammelsberg, 
who found it to contain 16*7 per cent, selenium and 65*4 bismuth, and suggested the 
presence of zinc {Dana's Mineralogy, 3rd Appendix, p. 22). T-jhis mineral was more 
fully examined by Frehzel {Jahrh.f. Min. 1874, 679), who assigned to it the composi- 
tion 24*13 per cent, selenium, 6*60 sulphur, and 67*38 bismuth, leading to the formula 
2Bi-Se®.Bi"Sh Finally it has been analysed by J. W. Mallet {Sill. Ani. J. [3], xy. 
294), who foimd, in a specimen not quite free from argillaceous gangue : ' 

Se S Bi A1=0* SiO= H=0 

31*64 0*61 59*92 2*53 trace 3*47 1*46 = 99*63. 

The gangue is said to consist of galapeetite (halloysite) ; and if the amount of this 
mineral present be calculated from that of the alumina, the composition of the specimen 
analysed will be : 

Cruanajiiatite Halloysite Quartz Moisture 

92*17 6*72 0*56 0*18 == 99*63 

and the guanajuatite in the pure state will be found to consist of: 

Se S Bi 

34*33 0*66 65*01 = 100 

leading to the formula of a sesqiiiselemde of hmnuth, Bi^Se®, in which a small portion 
of the selenium is replaced by sulphur. 

The physical characters of the mineral, as described by Frenzel, are as follows : 
Lustre metallic. Colour lead-grey. Streak highly lustrous. Mild, Hardness = 
2|~3. Sp. gr. = 6*25 at 21°. Occurs in compact masses haring a fine-grained, 
laminar to fibrous structure; also in prismatic crystals, probably orthorhombic, 
exhibiting the brachypinacoid oo f oo, but no end-faces ; they are for the most part 
indistinctly developed, in consequence of deep vertical striation. Cleavage distinct 
parallel to CO J CO. 

Before the blow-pipe the mineral fuses, gives off a strong odour of selenium, and 
colours the fiame blue. Fused with potassium iodide, it yields a fine red deposit of 
bismuth sulphiodide. 

OXTA»rAl«:iDE,C^N3H502=H30 — C<^^^qq^NH (Nencki, Dent. Clem. Ges. 

Ber. ix. 232). A compound formed by heating 1 part of metliyl-guanamine to 150® with 
2 parts of strong sulphuric acid : 

+ 2H20 = + 2NH^ 

On, mixing the cooled liquid with absolute alcohol, a bulky precipitate is thrown 
down ; and on dissolving this precipitate in water, separating the sulphuric acid from 
the solution, evaporating the liquid to dryness, and treating the residue with concen- 
trated hydrochloric acid, gnanamide hydrochloride, C'*N®H^0-.HC1, is obtained in 
needles. 

Gnanamide separated from this salt is very soluble in water, acids, and alkalis, 
slightly soluble in alcohol, and crystallises from a hot alcoholic solution in small 
rhombic needles. By mixing the concentrated aqueous solution of the hydrochloride 
with an alcoholic solution of platinic chloride, and leaving the liquid to evaporate 
over sulphuric acid, the platinocliloriclc, (C"‘NH-PO-.HCl)'PtCF, is obtained in yellow 
druses of concentric needles. 

Gnanamide treated with 5 or 6 parts of nitric acid, sp. gr. ] *3, is oxidised, with 
violent reaction, to cyanuricacid: 

+ 0* = + 00^ + H^O. 

BicHloroguauamldine, CWH^CPO®, is formed by the action of chlorine on a 
concentrated aqueous solution of gnanamide : 

C^N^H^O- + 4C1 + H^O - C^N^H^Cr-O* + 2HC1, 

and separates in dazzling white anhydrous crystals. It is insoluble in cold, slightly 
soluble in hot water, soluble also in soda-ley, and is precipitated therefrom in great 
part by hydrochloric acid. By prolonged boiling with water, and more quickly by 
heating with alkalis, or by the action of sodium-amalgam in aqueous solution, it is 
resolved into cyannric acid and a body smelling like chloroform, probably 
methylene chloride. Dichlorognanamidine is completely decomposed at 140°. 

Tribromogruanamldine, is produced by the action of bromine 

on a warm aqueous solution of gnanamide, It forms microscopic crystals, insoluble 
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in \rater, alcohol, and ether. By boiling with water it is quickly resolved into 
cyanuric acid and bromofonn : * 

+ CHBr^. 

aiTAWTAMlM’ES, [n = l, 2, 3, &c.] (M. J^encki, Dent Chem. Ges. 

Ber. vii. 775, 1584 ; ix^22S, 232, 244). A series of bases produced by the action of 
heat on the guanidine-salts of the fatty acids. Their formatioii is represented by the 
general equation, 

(CH^N3.C^H2''02)3 = ^ 2G'*H2n02 + G02 + 4NH^ 

and their constitution may be represented by the formula 

The following have been obtained : 

Guanamine, 

Methyl-guanamine, = GH^.C^H^N^ 

Propyl- and isopropyl-guanamine, C®H”lSr“ = G*H^.G®H^K®. 

Butyl-g^ianamine, 

Pentyl-guanamine, - C^H'bC^H^N®. 

Nencki originally represented the guanamines by the general formula — 

C»H=».C^H=N* = 
n = 0 giving 

n — 1 „ G^H'^N’’* = CH-.C^H®N^ (methylene-guanamine). 

n = 3 „ (propylene-guanamine). 

&e. &c. 

The second term, which was the earliest obtained, was at first called guiX 7 i- 

amvie ; afterwards, when its lower homologue, was discovered, this latter was 

named formogucmamvic, and the second term acetoguanamine, to indicate their pro- 
duction from formate and acetate of guanidine respectively. Subsequently the names 
97ic%^e?ze-guanamine, ‘pro'pyUne-gnanammey &c., were adopted to indicate the form.a- 
tion of the several terms of the series from the first, by addition of GH- 

G‘H8, &c. 

The representation of the guanamines by the general formula 
(n=:0, 1, 2, 3, &:c.), or (ii—l, 2, 3, &c.) above given, was proposed 

by Weith (Ber. ix. 458) and afterwards adopted by Nencki (ibid. 1013); and in ac- 
cordance with this mode of representation, it is better to designate the first term of 
the series as guana^nine, and the higher terms, as inethyl-, propyl-gnanamine, 

&c., accordingly as they are derived from the first by substitution of CH^ 

&c., for an atom of hydrogen. 

Guanamlue, G^H^N® = ~ Fornwgimiamme. 

This base is produced by the action of heat on guanidine formate: 

(CH^N^.CH^O^)^* = G^H^N^ + 4NH« + + 2GO + 2H20. 

The carbon monoxide and water result from the decomposition of formic acid pro- 
duced in the first instance (see the general equation above given). The heat must be 
raised to 200°, and kept at that point as long as crystals continue to separate ; the 
liquid is then left to cool, and mixed wnth an equal volume of cold water ; the undis- 
solved base taken up by hot water, and converted by addition of a concentrated solu- 
tion of oxalic acid into the oxalate ; and this salt is decomposed by potash, which 
throws down the base in white rhombic needles, 

Guanamine is a weak base, easily soluble in hot water, slightly soluble in alcohol, 
separating from water in anhydrous crystals, and melting at 350°. Its salts crystal- 
lise readily. 

Methyl-guanamine, G’H^N^ = GH^— G^H W Acetogimnaniinc, Methylenc- 
gumiamine (originally eaMed gmnamine by Nencki). To prepare this base, dry guanidine 
acetate is submitted to fractional distillation on a sand-bath, whereupon it melts to 
a pale yellow liquid. As the temperature rises, a little water and acetic acid distil 
over, ammonia in abundance is evolved, and the boiling liquid ultimately attains a 
temperature of 228°-230°, at which it pmains constant. After being kept at this 
temperature for a quarter of an hour, it is allowed to cool, and the melted mass is 
exhausted with a little hot water. ^ A small amorphous residue is then left, while the 
greater part of the mass dissolves in the w^ater, forming a solution which on cooling 
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solidifies to a jelly consisting of methyl-gnanamine acetate; and this, when freed from 
adiiering liquid by filtration and pressure, and decomposed by dilute potash or soda, 
yields the free base. The reaction is represented by the equation — 

4- 2(NHtC2H302) + CO- + 2NH^ 

The water, which is likewise given off, results from conversion of the ammonium 
acetate into acetamide.' 

Methyl-gnanamine dissolves easily in alcohol, sparingly in cold, freely in hot water, 
and crystallises therefrom, when quickly cooled, in small nacreous laminse ; but by 
slower cooling it may be obtained in large laminated crystals often several centimeters 
long, or in needles belonging to the orthorhombic system. The crystals contain water, 
which they give off when dried in the air. Methyl-guanamine is destitute of taste 
and smell; it is not poisonous, and passes through the animal organism almost 
without alteration. It melts at 265°, and sublimes partly without decomposition. 

Methyl-guanamine is a weak base, forming crystallisable compotmds with acids 
and with salts. The hydrochloride, -t 2H-0, crystallises in monoclinic prisms 

and plates easily soluble in hot water. The flatinochloride, (C‘^H^N^)-.2HCl.Pt01^ is 
a yellow crystalline precipitate, easily soluble in water, sparingly in alcohol. The 
nitrate, ^ crystallises in thick, anhydrous, monoclinic pri;sms, easily 

soluble in water. The dry salt decomposes when heated, with a slight explosion. 
The argentonitrate, (C'*H^N®)2N0^Ag, is formed by mixing a warm aqueous solution of 
the base with silver nitrate, and separates as an amorphous precipitate, the greater 
part of which redissolves when heated, and separates on cooling in rhombic plates. 
ThQ sulj^hate, -i- 2H20, crystallises from a warm acid solution in rhombic 

lamiuse, very soluble in water. The acetate, prepared by heating 

acetate of guanidine and lecrystallising, gives off acetic acid when dried at 100°. 

Methyl-guanamine is readily oxidised by dilute nitric acid. With strong nitric 
acid it forms a yellow product, which is precipitated from a dilute solution by am- 
monia in amorphous flocks. By boiling with strong aqueous potash, methyl-guanamine 
is decomposed, with evolution of ammonia and formation of guanide, 0‘H®N‘0 = 
Heated with strong sulphuric acid, it is converted into 
guanamide, CHW02=0^H^N5 + 2H20-2HH« (p. 900). 

Propyl-guanamine, (Hencki, Dent. Chem. 

G(S. Ber. ix. 228). This compound is obtained, lilce the preceding, by heating 
guanidine butyrate to 230° for about an hour, exhausting the slightly yellow fused 
mass with hot water, and treating the filtrate with strong soda-ley, which throws 
down the ha.se as a white crystalline precipitate. For purification it is converted into 
the hydrochloride (whereupon a highly nitrogenised body separates in white 
flocks) ; this salt, after recrystallisation from alcohol, is decomposed by soda-ley, and 
the precipitated base is several times crystallised from hot water. 

Propyl-giianamiiie crystallises by slow cooling or evaporation in four-sided rec- 
tangular plates, but when thrown down quickly from a hot solution, it separates in 
spherical crystalline groups or in hemihedral forms (sphenoids) with curved faces. It 
dissolves in 537 parts of water at 14*5°, and in 7 parts at 100°. It is precipitated 
from its aque'ous solution by strong caustic soda, not by ammonia either from acid or 
from neutral solutions. It is easily soluble in alcohol. Heated in capillary tubes, it 
begins to sublime at 210°, and at 230° volatilises for the most part without melting, 
and leaves a slight yellow residue. It dissolves in acids, forming weU-crystallised 
salts, easily soluble in water and alcohol. The hydrochloride, C^H^^N^.HCl, forms 
brilliant rhombic prisms and laminae, and contains 1-| molecules of water of crystal- 
lisation which it loses in air. An argentonitrate, 0‘’H”N®.NO®Ag, which forms fine 
crystals, may he obtained by heating a concentrated aqueous solution with silver 
nitrate. 

Isopropyl-guana m in e, C®H’ ’N® = CH(CH^)-. C®H^N^ prepared, like the preceding, 
from isobutyrate of guanidine, crystallises from aqueous solution in pointed rhombo- 
hedrons resembling calcite, or in prisms with the two rhombohedrons aggregated in 
rows, as in quartz. It dissolves in 48'6 parts of boiling water, and in 1767 parts of 
water at 18° ; in alcohol somewhat less easily than normal propyl-guanamine. It is 
distinguished from the normal base by being tlmown down by ammonia from its 
solutions in strong mineral acids. Nitrate of isopropyl gitanamine, G^H^N^.NO^H, 
crystallises in small tufts of concentric needles. The argentonitrate, C^H^N^.NO^Ag, 
is more soluble in water than that of the normal base, and separates, on evaporation 
over sulphuric acid, in prismatic crystals, 

Butyl-guanamine, = C'^H^.C^H^N^ (Baiidrowski, Deut. Chem. Gcs. Ber. 

ix. 240). Prepared by heating valerate (isopropylacetate) of guanadine.*^ Crystal- 

^ At the same time an amoiphous body is formed, quite insoluble in water, soluble in soda-ley and 
in the stronger mineral acids, and precipitated by organic acids. 
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lises in shining -vrhite rhombic needles, which sublime at 100°, melt at 172'°-17S’^, and 
resolidify at 127°. It dissolves somewhat sparingly in cold water, more easily in^ot 
water, very easily in alcohol and ether. The crystals are anhydrous. 

Butyl-guanamine is a very weak base. The acetate, which crystallises in tufts 
of slender needles, decomposes even on exposure to the air. The hydrochloride, 
C^H^^N^HCl, s6parat;|s from highly concentrated solutions in well-defined shining 
needles, very soluble in water. The sulphate, C^H^^N-hSO'^H-, crystallises in smaU 
sliining laminee. The argentonitrate, C”H‘^N®.]SrO^Ag, obtained by warming and 
filtering an aqueous solution of its components, crystallises in delicate, glistening, 
sparingly sSluble needles, which turn brown when exposed to light. 

The base treated with strong sulphuric acid was converted into a butyl-guana- 

mide, = oxidisable by nitric acid to cyanuric acid 

(probably together with hutyl-isonitriV), 

Pentyl-guanamine, = {Amylene-giianamine), is prepared 

from the guanidine salt of normal caproic acid, and may be obtained pure by precipi- 
tation from the hydrochloride. It forms shining, microscopic, quadratic pyramids, 
melts at L77°-178°, and resolidifies at about 144°. The crystals are anhydrous, very 
slightly soluble in water, easily in alcohol. The hydrochloride crystallises in flat 
well-defined needles. 

GtrAlfflDB (bi-), See Thiodicyandiamines. 

GxrAWIDIWE, CBPW = HN=C<^g 2 - Formatmi and T?fepamtio)i.—\. By 

the action of heat on ammonium thiocyanate. When this salt is heated in an 
oil-bath to about 220°, ammonia and carbon disulphide are given olf, and crystals of 
ammonium trithiocarbonate (Zeise’s salt) sublime in consequence of a secondary 
decomposition. 

The main reaction consists, first in the conversion of the ammonium thiocyanate 
into the isomeric compound, thiocarbamide (sulphurea), and secondly in the resolution 
of this compound into guanidine, ammonia, and carbon disulphide, according to the 
following equation : 

30S(NH2)2 = OS- + 2NH3 + HN=0(NH2)2.CNSH. 

The residue in the flask consists chiefly of guanidine thiocyanate, contaminated 
only with small quantities of ammonium thiocyanate and thiocarbamide ; and from 
this salt the other salts of guanidine may be obtained by double decomposition 
(Delitsch, J. pr. Chem. [2], viii. 240; ix. 1). 

According to Volhard {J. pr. Chem. [2], ix. 10), the conversion of ammonium 
thiocyanate into guanidine does not require a temperature higher than 170°, and at 
this comparatively low temperature the reaction appears to take place without forma- 
tion of secondary p»roducts ; it is necessary, however, to continue the heat for 100- 
120 hours ; at about 180°-190°, the same result is obtained in 20 hours. The residue 
in both cases consists mainly of guanidine thiocyanate, the yield being very satisfac- 
tory, and no gaseous product (such as CS-, &:c.) being given ofi'. Volhard regards the 
reaction as consisting, first, in the transformation of the ammonium thiocyanate into 
thiocarbamide, and secondly in the conversion of this compound, by loss of HoS, into 
cyan amide, which, at the moment of its formation, unites with ammonium thiocyanate 
to form thiocyanate of guanidine: CN'II“4 CNS.NH‘‘ = CN^H^HCNS. The forma- 
tion of Zeise’s salt is due to the combination of separated from the thiocarbamide 
with another portion of the ammonium thiocyanate. 

Gicanidme Thiocyanate purified by crystallisation from water or alcohol forms 
large flexible laminae having a peculiar fatty lustre ; easily soluble in water and in 
alcohol; melting at 118° ; decomposing above 150° with evolution of ammonia, and 
leaving a residue of molam (Delitsch). 

Giianidme Carbonate is obtained by mixing a solution of the thiocyanate with 
potassium carbonate (58 parts K-CO^ to 100 parts of the thiocyanate), evaporating 
down, and dissolving out the potassium thiocyanate with alcohol. Gruanidine car- 
bonate then remains, and may be freed from adhering potassium salt by recrystallisa- 
tion from water (Volhard). It crystallises in trapez-hemihedral forms of the tetra- 
gonal system, and possesses the power of circular polarisation. The sidphate crystal- 
lises in the regular, the lactate in the orthorhombic system (Bodewdg). 

Guanidine carbonate heated to 100° with benzoic anhydride yields dibenzoyl- 
car b a m i d e or c a r b o n y 1-d i b e n z a m i d e, CON2H“(C^H® 0)-, identical with that which 
E. Schmidt obtained from benzamide and liquid phosgene {^nd Suppl. 263). It crys- 
tallises from alcohol in splendid needles, melts at 210°, and is resolved by prolonged 
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boilizig •with hydrochloric acid into benzoic acid and ammonia (D. McCreath, Deut, 
Ch&iii, Ges. £e?\ vii. 1739). 

Ghianidine carbonate fused with urea is converted into dicyano-diamidine, 
C^H^N^O (p. 600). 

When guanidine hydrochloride is heated with sareodne^ or when its alcoholic 
solution is boiled with sarcosine, the two bodies unite directly j^orming a compound 
which dissolves easily in alcohol, and separates therefrom in fine tabular crystals. It 
is, however, somewhat unstable, being easily resolved into its components under the 
influence of platinic chloride, mercuric oxide, &c. (E. Baumann, De%Lt. Cliem. Ges. Ber. 
vii. 1151). 

A period ideofguanidine, crystallising in prisms having the 

colour of iodine, is obtained by the action of iodine dissolved in hydri(^ic acid on 
guanidine carbonate. The corresponding bromine-compound, CH^H^HBr.Br-, 
appears to be produced by the action of bromine (3 mols.) on guanidine carbonate 
(1 mol.) It forms large red prisms which readily lose bromine (Kamensid, ibid. xi. 619). 

Substituted G-uanidines. 

Bromoguanidine, CH^BrN®, is obtained by acting on guanidine carbonate 
(1 mol.) with bromine (1 mol.) and treating the product with water. It crystallises 
in small yellow needles, very slightly soluble in water and in ether, easily soluble in 
alcohol. Heated in a capillary tube it detonates at a few degrees above 100° 
(Hamenski, loc. cit.) 

Chloroguanidine, CH'CIN^, prepared in like manner, crystallises in the same 
form as the bromine-compound, but is lighter in colour and more stable than the 
latter, not detonating till it is heated to 147°. 

liTitrosoguaiiidine, CH'*(lSiO)N^, is obtained by dissolving nitrate of guanidine 
in excess of nitrous and fuming nitric acid. After the solution has stood for twenty- 
four hours, it is poured into an excess of cold water, whereupon the nitrosognanidine 
is precipitated in colourless, flexible, needle-shaped crystals, soluble in hot water 
and in boiling alcohol, insoluble in ether and chloroform. Submitted to a gradually 
increasing temperature, nitrosognanidine loses ammonia at 220°, the crystals becom- 
ing opaque •without change of form. At higher temperatures cyanogen -compounds 
are given off, and a stable yellow substance remains, which is probably hydromellone 
( J ousselyn, Qompt. rend. Ixxxv. 548). 

IVXetbyl-guanidine, CH-^(CH^)N^ is formed by the action of cyanamide on 
methylamine hydrochloride, or of methyl-cyanamide on ammonium chloride {2nd 
Suppl. 582). 

Bthyl-guanidine, CH'*(C-H^)lSf^. The hydriodide of this base, obtained by the 
action of iodine on an alcoholic solution of thiocarbamide, crystallises from water in 
small needles which melt and decompose at 149°. The sidphate contains mol. 
•u^ater, is easily soluble in water, sparingly in alcohol; melts and decomposes at 169° 
(A, Letnii, Beut. CJicm. Ges. Ber. viii. 767). 

Bhenyl-^ Tolyl-j and Xylyl-guanidines. 

Biphenyl-guanidine, — CH®(0®H®)“N®. Melaniline. 

Formation. — 1. By the action of cyanogen chloride or bromide on anhydrous 
aniline. This is the process by which melaniline was first prepared by Hofmann 
(iv. 461). According to Weith a. Ebert {Beut. Ckcm. Ges. Ber. viii. 912), diphenyl- 
guanidine (m. p. 147°) is produced by passing gaseous cyanogen chloride through 
cooled aniline ; but if the aniline be heated to its boiling point, the product consists 
of tetraphenylmelamine, (m. p. 217°). 

2. By the action of lead oxide on a solution of diphenyl- thiocarbamide in alcoholic 
ammonia (Hofmann, Ber. ii. 452) : 

CSN=2H2(C«HO" + NH* -h PbO - CK\0^myW -f PbS + H^O. 

3. By boiling an alcoholic solution of phenyl-thiocarbamide with mercuri-phenyl- 
ammonium chloride (precipitated on mixing the boiling solutions of aniline and 
mercuric chloride) as long as mercuric sulphide continues to be formed, and evaporat- 
ing the alcoholic filtrate (C. Forster, Ber. vii. 294) : 

CSH"-H«(C«H«) + N(GsH0HgHCl = GH’XC«H^)2N» HCl -f HgS. 

4. Together with phenyl- carbamide, by the action of aniline un mercuric fulminate, 
C^N^O^Hg -i- 3NH20«Hs = OB.\O^R^fW + CH=^(C‘^Hs)N=0 -h HgO. 
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Dry mercuric fulminate is Tiolently attacked by aniline, the mass being thrown ©ut 
of the vessel and sometimes taking fire ; but the action may be moderated by work- 
ing with 100 grams of the fulminate, not dried but freed from the greater part of .its 
moisture by pressure, and 100 grams of aniline (1 mol. fulminate to 3 mols. aniline) 
diluted with an equal volume of alcohol. The mixture becomes hot in about half-an- 
hour, and must then be cooled by placing the vessel in cold water, and frequently 
stirred. The product, c'bnsisting of mercury and a mass very ipuch like amorphous 
phosphorus, is repeatedly exhausted with warm water containing hydrochloric acid ; 
and the filtered solution, which contains phenyl-carbamide and a mercury-compound 
of diphenyl-gianidine, is treated with ammonia to decompose the latter and precipitate 
the mercury ; then acidulated with hydrochloric acid, and evaporated to the crystallis- 
ing point. Phenyl-carbamide then separates in needles (m. p. 149°), and the mother- 
liquors contam diphenyl-guanidine (m. p. 146°) (A, Steiner, Ber. vii. 1244; viii. 
518). 

5. By combination of ammonia with carbodiphenylimide (Weith, Ber. vii. 10) : 

C(N.C«H)= + NH3 = HN=:C(NH.C6Hs)2 

Constitution and Beaciions. — Diphenyl-guanidine is susceptible of three modifica- 
tions, reprec^nted by the following formulae : 

( 1 ) ( 2 ) ( 3 ) 

. 

Only one of these is however actually known. The diphenyl-guanidine (melaniline) 
which Hofmann obtained by the action of cyanogen chloride on aniline was found by 
him to melt at about 130°, whereas that which he afterwards obtained by the action 
of lead oxide on a solution of diplienyl-thiocarbamide in alcoholic ammonia melted 
at 147°. These two bases were, therefore, regarded by Hofmann as isomeric, the 
latter being designated as a-, the former as j6-diphenyl-guanidiiie. 

It has, however, been shown by Weith a. Schroeder {Ber. vii. 937), that the 
diphenyl-guanidines obtained by the two processes above mentioned are identical in 
every respect, both melting at 147°, and exhibiting equal degrees of solubility in 
water and in alcohol ; moreover they both react in the same manner with carbon 
disulphide, yielding thiocyanic acid and diphenyl-thiocarbamide (thiocarbanilide) : 

GB.XG<^B.^yW 4- (CS)S = CSNH + GSR%Gm^fKi 

Two bye-products are also formed in this reaction, viz. a small quantity of phenyl- 
thiocarbimide, CSxzN — C°H^, and a sulphuretted compound, not further examined, 
which crystallises in colourless needles melting at 152°-153°. 

These results are corroborated by Hofmann in a more recent communication 
{Ber. vii. 947), iu which he states that the so-called jS-diphenyl-guanidine, or mela- 
niline, obtained by the action of cyanogen chloride on aniline, has the same melting 
point as that prepared from diphenyl-thiocarbamide, viz. 147°. He still, however, 
thinks it not impossible that, under certain conditions, an isomeric diphenyl-guanidine 
may be produced from cyanogen chloride and aniline : since a small quantity of 
melaniline prepared in that way some years ago was found to retain the lower melting 
point (131°) which it originally exhibited, even after recrystallisation from alcohol, 
and after conversion into platinum salt and reconversion into the base. 

Of the three possible formulae for diphenyl-guanidine above given, the third is the 
least probable as a representative of the base actually known, since none of the de- 
composition-products of this body containing more than one atom of nitrogen appear 
to contain two phenyl-groups attached to the same nitrogen-atom. Eurther evidence 
against this formula is afforded by the fact that no diphenylamine is produced by 
heating diphenyl-guanidine prepared in either way, with hydrochloric acid. The 
reaction of diphenyl-guanidine with carbon disulphide affords an argument in favour 
of the first, or symmetrical formula of the base, as it takes place in the manner 
represented by the equation ; 

If diphenyl-guanidine had the constitution represented by the second formula, the 
reaction with carbon disulphide should yield phenyl-thiodarbimide and monophenyl- 
thiocarbamide : thus 

+ OS.S = CS=N.C»ff + 

As, however, a small quantity of phenyl-thiocarbimide was actually found among the 
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pr(;|,ducts, it is possible that the symmetrical diphenyl-guanidine may have been 
accompanied by a small amount of the second modification. 

. Diphenyl -guanidine heated for several hours to 170®-180° gives off ammonia and 
aniline, and leaves a resinous cake consisting of t et raphe ny 1-melamine (Hofmann, 
Ber. vii. 1736) : 


Biphenyl-guanidine heated with acetie anhydride to 100° yields monophenyl- 
aeetyl-carbamide, CH-(G®H^)(0-H^0)N-0, in needles melting at ’183°. If the 
heat be raised to 150°, carbon dioxide is evolved and acetyl-diphenyl-carbamido, 
CB[(C®H^)“(C"H^0)H“0, is obtained, crystallising in needles which melt at 115° 
(D. McCreath, Ber. viii. 1181). 

'Dinitro-dipheny l-guanidine^ C‘^H^^(HO-)-N®, is produced by desulphuration 
of dinitro-thiocarbanilide with lead oxide in presence of ammonia ; it may be ex- 
tracted from the resinous product by hydrochloric acid. It is nearly insoluble in 
water, but dissolves in alcohol and in ether, and crystallises from alcohol in small 
yellow shining laminae melting at 190° (Bruckner, Ber. vii. 1234). 

EtJiyl-dijphenyl-giianidine, is formed (oi^en together 


with a-triphenyl-guanidine), by addition of aniline to carbethyl-phenylimide, 
(obtained by desulphurising a solution of ethyl-phenyl-thiocarbamide in 


boiling benzene with pulverised lead oxide). It forms a hydrochloride crystallising 
in needles, and a yellow platiuochloride. It is decomposed by potassium hydroxide 
into carbon dioxide, aniline, and ethylamine (Weith, Ber. viii. 1530). 

Biheoizoyl-dipheoiyl-guanidine, OH(C®H^)-(C^H®0)-N^ obtained by heating 
benzoic anhydride (1 mol.) and diphenyl-guanidine (1 mol.) to 100°, forms monoclinic 
crystals melting at 102° (IVIcOreath, ibid. 383). 


Triphenyl-guanidine, CH'(C®H^)®H^. This compound admits ol 

the three following modifications : 

but only the first two are at present known. 

The a-modification is produced by the following reactions : 

1. By the action of mercuri-phenyl-ammonium chloride on diphenyl -thiocarbamide 
(C. Forster, Ber. vii. 294): 

CS(NH.C«HS)2 + (C«H^)NHg.H01 - (C®H=)H=:C(NH.CsH")2 + HCl 4- HgS. 


2. From phenyl-isocyanochloride and aniline (Sell a. Zierold, Ber. vii. 1228) : 
(CsH^)NCCP -f 2(C«H^NH2) = (C«H5)N=:C(NH.C0H5)2 + 2HC1. 


3. From aniline and carbodiphenjlimide, by direct combination : 

C(N.C«Hs)2 + C«H5.NH2 = C«H^H=C(NH.C«H^)2. 

The hydrochloride of carbodiphenylimide may be used in the reaction; also the 
polymeric modification (m. p. 168°-170°), (Weith, Ber. vii. 10). 

4. By the action of aniline on carbethyl-phenylimide : 

(C2H5)N=:C==rN(CeH®) + 2(C«H5)HH- = (CSH^)H=C(HH.C«H^)= + 

The chief product of this reaction, however, is ethyl-diphenyl-guanidine, as already 
explained {supra). 

5. Together with phenyl-thiocarbimide, by heating carbodiphenylimide with 
diphenyl-thiocarbamide : 

(CeHs)N=:C=:N(CsH5) + CS(NH.C«H5)2 = (C«H3)Fz=CS -f C«H^Nz=C(NH.C«Hs)‘b 

The action takes place at 100°, but becomes more energetic at 150°, and is still more 
quickly completed when a solution of carbodiphenylimide (1 mol.) in benzene is 
mixed with diphenyl-thiocarbamide (1 mol.) and hydrochloric acid (1 mol.) or 
hydriodic acid dissolved in alcohol, and the mixture is heated for a few minutes on 
the water-bath (p. 402), (Weith, Ber. ix. 810). 

6. Small quantities of a-tri phenyl-guanidine and benzonitril are produced, together 
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mh phenyl isocyanate, by heating diphenyl-carbamide for four or five hours with 
phosphorus trichloride. The action appears to consist in the abstraction _ of water 
from the diphenyl- carbamide, and production of carbodiphenylimide, which latter 
acts upon another portion of the diphenyl-carbamide, producing phenyl isocyanate and 
a-triphenyl-guanidine (Weith, loc. 

= H^O + C(NC«H5)=;. 

and C(XG‘>H5)- + CO(NH.C«H-^2 ^ OONC«H^ -t- C(NH.C«H0^ 

a-TripheT|}d-guanidine crystallises from hot water, on cooling, in white needles 
melting at 143° (Is^ 8iq)jpl. 656), It begins to boil below 200°, and is decomposed 
by distillation, aniline passing over at first, mixed afterwards with a-triphenyl- 
guauidine, Y;hilst the last portions of the distillate consist of almost pure carbo- 
diphenylimide (m. p. 330°-331° corr.) The decomposition of a-triphenyl-guanidine 
is therefore represented hy the equation 

+ C(]SrC«H5)3. 

The carbodiphenylimide and aniline, however, recombine as the temperature of the 
distillate becomes lower, reproducing the triphenyl-guanidine, so that the process is 
one of dissociation, like that which takes place in sal-ammoniac when heated (Weith, 
Ber. vii. 1303), 

The hydrochloride of a-triphenyl-guanidine melts at 241°-242°, and sublimes at a 
lower temperature in white slender needles (Weith, Ber, vii. 810). The hydrochloride 
of the triphenyl-guanidine which Sell a. Zierold obtained (p. 906) hy the action of 
phenyl-isocyanochloride on aniline, is described as crystallising from aqueous alcohol 
in small white laminae melting at 207°. This would seem to show that the base of 
this salt is another modification of triphenyl-guanidine, and so in fact it is regarded 
by Sell a. Zierold ; but its constitution, as indicated by its mode of formation, is 
clearly that of a-triphenyl-guanidine : hence there must either be an error in the 
determination of the melting point of the hydrochloride, or else the base, at the 
moment of its formation, must have undergone an atomic transposition. 

^-Tri^henyl-guanidin e, i s formed by heating cyanilide 

(iv. 441) with diphenylamine hydrochloride, the heat being gradually raised during 
two hours to 125° : 

C«HMIH.CN + 

It crystallises in large, colourless, strongly refracting, isometric tablets, nearly insoluble 
in water, easily soluble in alcohol and ether, less easily in benzene and ligroin ; melting 
at 131°. The crystallises with 1 mol. water in colourless thick tables 

or prisms ; 3 00 parts of water at 23° dissolve 28*4 parts of this salt. The platino- 
chloride is at first a light yellow flocculent precipitate, which afterwards becomes 
darker and crystalline. 

The colourless solution of the base in strong sulphuric acid acquires a splendid 
violet colour when heated. In a solution containing per cent, of the base, chlorine- 
water produces a distinct deposition of white flocks. The base heated to 260° with 
concentrated hydrochloric acid or yotassiiim hydroxide^ is resolved, after assumption of 
the elements of water, into carbon dioxide, ammonia, aniline, and diphenylamine : 

+ 2mO = CO= + Nff + NH2(0«H5) + Nfl:(C"ff)’. 

When the base is heated to lo0°-160° for several hours with carbon disulphide, 
hydrogen sulphide is given off, and j8-triphenyl-guanidine thiocyanate is produced, 
together with phenyl-thiocarhimido and diphenylamine : 

+ OS= = eSNH + CS^NCCff) + 

(Weith a. Schroder, Ber. viii. 912). 

Trichlorophenyl-guanidine. OH“(C®H‘Cl)W, is produced, together with chloro- 
phenyl-thiocarbimide, (C‘*H-*C1)NCS, chloraniline, chlorophenyl-carhamide, and a 
sulphur-compound crystallising in needles melting at 102°-103°, by the action of 
iodine on an alcoholic solution of chlorophenyl-thiocarbamide, CS(NH.C®H‘*C1)“. It 
crystallises from solution in carbon disulphide, in large crystals easily soluble in 
alcohol and ether, melting at 115°-120° (Beilstein a. Kurbatow, Ber. vii. 730). 

Biacetyl-triphenyl-guanidine, C(C‘H^O)“(C®H5)3N^ is prepared by heating tri- 
phenyl-guanidine [? a] and acetic anhydride in molecular proportions to 100° for 
several hours ; and dihenzoyl-triphenyl-guanidine, C(C^H®0)^(G®H®)W, in like manner 
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with, benzoic anhydride. Both, crystallise in laminse ; the acetyl-derivative melting 
at 131°, the benzoyl-derivative at 185° (McCreath, Ber. viii. 383). 

'Tetraplienyl-suanidine, CH(C®H5)4]Sr3 ('Weith, Bsr. vii. 843). Of this coni- 
pounci there are tv 70 possible modifications, viz. : 


Symmeti’ical 


Unsymmetrical 


but only the first is actually knomi. 

Tetraphenyl-guanidine is produced, together vrith a polymeric diphenyl-cyanamide, 
? 2 [C!Sr.N(G‘’H^)-], by the action of gaseous cyanogen chloride on fused diphenylamine. If 
a very strong heat be applied, the product consists mainly of the polym^ic diphenyl- 
cyanamide. To prepare tetraphenyl-guanidine, diphenylamine is heated in an oil-bath 
to 150°--170°, and a stream of pure cyanogen chloride is passed into it for a few hours. 
The product is dissolved in alcohol, and the solution, acidulated with hydrochloric 
acid, is poured into a large quantity of water, whereby unaltered diphenylamine is 
removed and the hydrochloride of tetraphenyl-guanidine produced; the filtrate is 
evaporated to a small bulk, and the oily layer of hydrochloride which separates and 
crystallises on cooling is decomposed by soda and recrystallised from ligrcn. 

Tetraphenyl-guanidine is insoluble in water, easily soluble in alcohol, other, and 
benzene, and forms pyramidal crystals, sometimes modified, according to Kenngott, 
by longitudinal and transverse faces. It melts at 130°-131°. 

The salts of tetraphenyl-guanidine are for the most part sparingly soluble in 
water, and all crystallise well. The hydrochloride is easily soluble and crystallises 
in tablets (probably rhombic) containing 5H-0, and efflorescing on exposure to the 
air. Its solution is neutral, and gives with ferric chloride a rusty-brown precipitate 
which, after some time, changes into large yellow hexagonal plates of an iron double 
salt. The plnfmochloride is obtained as a light yellow precipitate which dissolves in 
boiling alcohol, and crystallises therefrom in shining laminae. The nitrate crystallises 
from broiling water in tufts of long needles having a satiny lustre. The sulphate forms 
slender needles very slightly soluble in water. The hydriodide crystallises from hot 
water in long colourless needles. The chlorate is a precipitate composed of slender 
needles, and so sparingly soluble that it is thrown down by potassium chlorate from 
1 per cent, solutions of guanidine salts. Strong sulphuric acid, even in the cold, 
colours it a fine brick-red, changing first to violet and then to to blue. 

Potassium chromate produces in solutions of tetraphenyl-guanidine salts, a light 
yellow amorphous precipitate. ChlorinC'Watcr and chloride of lime produce in the 
solution of the hydrochloride, thick white precipitates. Strong sulplmric acid dissolves 
the pure base without colour at ordinary temperatures, but the solution, when heated, 
becomes violet red. Carbon disulphide does not act upon the base even at 180°. 

Action of Potash. — When the hydrochloride of tetraphenyl-guanidine is heated to 
200° with solid potash, it is decomposed, giving off ammonia and diphenylamine ; and 
when the salt is heated with hydrochloric acid in sealed tubes to 3S0°-340°, the same 
products are obtained, together with carbon dioxide, which in the former case unites 
with the potash. The reaction in both cases may be represented by the equation : 

HNir:C[N(0«JES)2]2 + 2H20 = 2HN(C6H5)2 + + 00^. 

No aniline is produced in either case : hence the tetraphenyl-guanidine must have the 
constitution represented by the symmetrical formula above given ; unsymmetrical 
tetraphenyl-guanidine would yield mono- as well as di-phenylamine. 

The formation of tetraphenyl-guanidine by the action of cyanogen chloride on 
diphenylamine may be represented by the following equations : 

CNCl -b NH(C«H^)= = HCl -b N(C«H5)2(ON) ; 
and N(C“H5)20N + 

The polymeric diphenyl-cyanamide, nC‘®H^°N- = ?i[0N.N(C®H=)2], formed in 
large quantity, together with only a small quantity of tetraphenyl-guanidine, by the 
action of cyanogen chloride on diphenylamine at a very high temperature (250°), may 
easily be obtained pure and colourless by crystallisation from alcohol. It differs 
essentially in its properties and reactions from the metameric compound, carbodi- 
phenylimide, (C®H®)NzzC=N(C®H^) (p. 401). It crystallises in shining acute 
rhombohedrons, melts at 292°, is insoluble in water, and is dissolved only in traces by 
alcohol, ether, benzenej &c. It is somewhat soluble in hot oil of turpentine, and 
crystallises therefrom in colourless laminae. At a very high temperature it partly 
distils unaltered, and is partly resolved into benzonitril, carbon, &c. Heated with 
strong sulphuric acid, it dissolves with splendid violet colour (the reaction exhibited 
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by the sulpho-acids of diphenylamine). Heated to 250^ in sealed tubes with hydco- 
chloric acid, it is resolved into carbon dioxide, ammonia, and diphenylamine ; and tke 
same result is obtained by heating it very strongly with potassium hydroxide. Hence 
it follows that in each of the groups forming the polymeric diphenyl-cyanamide, the 
two phenyl-groups must be attached to the same atom of nitrogen, the reactions 
above-mentioned takings place as shown by the equation : 

CN.N(C«H5)2 + 2H20 = 2srH(CeH5)2 + CO^ + NH». 

Carbodiphenylimide, on the other hand, which has only one phenyl-group attached 
to each nitrogen atom, yields by similar treatment nothing but carbon dioxide and 
aniline. 

That the diphenyl-cyanamide obtained by the action of cyanogen chloride on 
diphenylamine, is really a polymeride, and, according to all analogy, that 

is to say, perphenyl- melamine, is shown by its behaviour with aniline and di- 
phenylamine, on which it does not exert the slightest action, whereas the simple 
diphenyl-cyanamide, would form tri- and tetraphenyl-guanidine respectively. 

The polymeric diphenyl-cyanamide is not converted into the simple cyanamide by dis- 
tillation. Dehydrated tetraphenyl-guanidine hydrochloride, heated to 280°-300° in 
sealed tnbeu' for four or five hours, is resolved into diphenylamine hydrochloride and 
the polymeric diphenyl-cyanamide : hence the occurrence of the latter in the prepara- 
tion of tetraphenyl-guanidine. 

Phienyl-tolyl-gruanidine, CH^(C®H®XC®HbCH®)lSr^. The hydrochloride of this 
base is formed, together with small quantities of phenyl-thiocarbimide and paratolyl- 
thiocarbimide, when a mixture of diparatolyl-thiocarbamide, hydrochloric acid, and 
carbodiphenylimide is heated with alcohol to the boiling point for about an hour 
(Weith, J5er. ix. 810). 

Ditolyl-suanldlne, = or 

Metoluidine , — This base, homologous with diphenyl-guanidine or melaniline, was first 
obtained by W. ‘Wilson {Chem. Soc. Jour, 1850, 154), who prepared it by passing 
cyanogen chloride over toluidine spread in a thin layer over the surface of a bent 
glass tube. The product thus obtained is a resinous mass consisting almost entirely 
of the hydrochloride of ditolyl-guanidine, from which the base may be obtained by 
dissolving the mass in very dilute hydrochloric acid, and precipitating the filtrate 
with potash. For purification, the precipitate is boiled for some time to expel 
unaltered toluidine, then w’ashed, and crystallised from aqueous alcohol. It is also 
produced, similarly to diphenyl-guanidine (p. 904), by desulphuration of ditolyl-thio- 
carbamide in presence of ammonia (Hofmann, Ber. vii. 1736). It is sparingly soluble 
in cold, more easily in hot water, and crystallises in laminae (Wilson) ; in slender needles 
melting at 168° (Hofmann). When heated, it behaves like diphenyl-guanidine, 
giving off ammonia, and leaving tetratolyl-melamine, in the form of a resinous 
mass which slowly acquires a crystalline structure and forms a hydrochloride crystal- 
lising in concentric groups of slender needles. 

Tritolyl-guanidine, = CH-(C^H’')®N^, is formed by heating monopara- 

tolyl-carbamide vith paratoluidine and phosphorus trichloride (Weith, Ber, ix. 820). 

Bixylyl-^uanidixie, = CH^(C®H®)*N®, is readily formed by desulphuris- 

ing dixylyl-thiocarbamide with lead oxide in presence of alcoholic ammonia. It 
crystallises in white slender needles, quite insoluble in water, and melting at 156°- 
158°. Its salts crystallise remarkably well (Hofmann, Ber. ix. 1292). 

A triTylyl-guanidine, CH“(C®H®)^N^, is formed by desulphurising an alcoholic 
solution of xylyl'thioearbamide with lead oxide in presence of xylidine (Hofmann). 

Cyanoguanidines and Oxalylguanidines 
(Landgrebe, Ber. x. 1587). 

Bicyanodiplieuyl-gruauldiue, is identical with dieyanmelaniline, 

the compound which Hofmann obtained by passing cyanogen gas into a saturated 
solution of melaniline (diphenyl-guanidine) in cold alcohol (iv. 465). 

Dicyanoditolyl-graanidine, is formed in like manner by passing 

cyanogen into an ethereal solution of ditolyl-guanidine, the liquid solidifying to a 
pulp of long needles. It is sparingly soluble in water, more easily in ether and in 
alcohol ; the alcoholic solution turns brown and decomposes at about 50°. From 
ether the base separates in well-defined limpid prisms, which begin to decompose at 
70°-80°, and are converted into a brown resin at 160°. The alcoholic solution forms 
white precipitates with silver nitrate and mercuric cMoride. With acids, dicyanodi- 
tolyl-guanidine reacts exactly like the corresponding phenyl-compound. 
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oBitolyloxalyl-gruanidine or Cyanditolyl-ozamide, homologous 

with melanoximide or cyanoclipheuyl-oxamide (iv. 286), is formed, like the latter, by 
the action of dilute acids on dicyanoditolyl-guanidine : 

+ 2H20 = 

It is insoluble in water, slightly soluble in cold alcohol and Ether; crystallises from 
hot alcohol in colourless needles often grouped in rosettes; melts at 188*5°. By acids 
and alkalis it is resolved into oxalic acid and ditolyl-guanidine. Heated with aniline, 
it forms, with evolution of ammonia, a base, the hydrochloride of which 

crystallises from alcohol in small needles. 

Hitolyloxalyl-guaiiidine and dicyanoditolyl-guanidine, treated in boiling alcoholic 
solution with a dilute acid, are converted intoditolyl-parabanic aeicf, 
homologous with diphenyl-parabanic acid (iv. 340) : 

ci7Hi7]sr5 + 3 H'’o = + shh^, 

and + H^O = + NH^. 


Bitolyl'parabanic acid is most easily produced from the oxalyl-compound, but 
resinous products are always formed at the same time. It crystallises <n nacreous 
laminae melting^ at 144°, easily soluble in benzene and in alcohol, sparingly in ether, 
carbon disulphide, and glacial acetic acid. With acids and alkalis it reacts like 
diphenyl-parabanic acid (iv. 340). 

The compounds just described may be represented by the following formulse, in 
which R stands for &c. 


Gyano- 
guanidines 
>NIl— C(NH) 
HN=C< 1 

\nB— C(NH) 


Oxalyl. 
guanidines 
.HE— CO 
HNiz:C< I 
\HE— CO 


Substituted 
parabanic acids 

.HE— CO 

o=c<; I 

\hr— CO 


3-Blcyauotripheuyl-guaniaine, 

CE.^. - 

The hydrochloride of this base, + SH^O, is obtained by heating the 

mixed solutions of dicyanodiphenyl-guanidine and aniline hydrochloride, then adding 
water, and crystallising the resulting precipitate several times from hot alcohol. It 
forms yellow-brown needles, which give off their water and turn red at 140°, and 
decompose at 250°. The free hose, may be prepared by dissolving 

the hydrochloride in hot alcohol containing ammonia, heating the liquid for some 
time, and adding water ; it then separates as an amorphous precipitate which soon 
becomes crystalline. By repeated crystallisation from alcohol it is obtained in dark 
brown needles with violet iridescence, which give off their water of crystallisation at 
120°, and melt at 172*5°. It is insoluble in water, but dissolves in alcohol, ether, and 
carbon disulphide. Its salts crystallise well, the ^latinocTilonde in yellow needles, 
easily soluble in alcohol. 

The base appears to he identical with that which Hofmann obtained, together with 
cyananiline, by the action of cyanogen on aniline, and isomeric with that which he 
prepared by the action of cyanogen on a-triphenyl-guanidine {%nd Snppl, 583). 

GtrASrZB0CilRB03!«rxc BTHBRS (Nencki, Ber. vii. 1588 ; J. ^r. Chem. [2], 
xvil 237). Biethylic G-nani do carbon ate, or HN=iiC(NH.GOOC2H®)'^, 

is prepared by gradually adding ethylic chlorocarbonate to a concentrated alcoholic 
solution of guanidine contained in a small flask which is kept cool. The ether then 
separates in needle-shaped crystals, and the alcoholic mother-liquor contains guanidine 
hydrochloride : 

3[HNrr:C(NH2)2] + 2C1GOOC2H® = HN=rC(HH.COOC*^H®)2 + 2[HH=G(HH2)2.HC1] 

Diethylic guanidodicarhonate is insoluble in water, but dissolves easily in ab- 
solute alcohol and ether, with moderate facility also in dilute alcohol, and is best 
crystallised therefrom. It melts at 162°. Dilute sulphuric and hydrochloric acid 
decompose it readily. Heated to 100° in a sealed tube with alcoholic ammonia, it 
is converted into imethane and ethylic guanidomonocarbonate, GWH°0-, 
which, being a basic compound, is also called guanoline; 

HN^CCNH.COOCiH^)" + = NH--COOC'ff + 

Urethane Guanoline. 
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molecules of guanoline contain the elements of 1 mol. guanidine and 1 mT>l. 
diethylic guanidodicarbonate : • 

= 204HSN302 

The formation of guari^line was once observed on adding an aqueous solution of 
criianidine (containing a little ammonia) to ethylic chlorocarbonate. 

^ Guanoline crystallises from aqueous or alcoholic solution in rhombic laminae 
containing The hydrated base melts at 100° ; the anhydrous base at 

114^-115°. The mfrazfe, C-^H^N^O^.bTO^H, crystallises in fine rhombic prisms; the 
luutral siclphate 'has the composition ; the 'plaiino chloride is 

(G‘H»N=’0-)-.2HCl.PtClh 

GuQfTiidojpro^ioTiic <xcidy = HInTihC fiO OTT 

metameric with guanoline and with creatine, is formed on adding ammonia to a 
solution of ^-amidoproprionic acid (2 pts.) and eyanamide (0*7 pt.) : 

■ CO OH ^ ‘^■\NH.CH‘=.CmC00H. , 

It is a very stable compound, not decomposing till heated to 205°-210° (E. Mulder, 
Ber, viii. 1261 ; ix. 1902). 

CrUAXrxxirE, C^H'^N^O, This base has the composition of amidosarcine, 
C^H^(]S’H‘'^)N ‘*05 and may be represented by the constitutional formula : 

Hd^CH(NH2)— CO 

'^N'=a=kH 


(Grimaux, Ann, Ch. Fhys. [5], xi. 356) ; see Uric acid. 

Guanine has been found ; (1). Together with other bases in the extract obtained 
by boiling yeast with water (p. 783). (2). To the amount of 5 to 8 per cent, together 
with sarcine, in the sperm of the salmon (Piccard, vii. 1714). (3). In small 

quantity in the urine of a pig, which was fed exclusively on bran, and appeared to be 
suffering from gout (Pecile, Liebig's Annalen, clxxxiii. 141). 

CrVAHro. The following analyses of Peruvian guanos, from as yet unworked 
deposits, taken during the survey of H.M.S. Betrel, have been made by Yoelcker 
(Journ. Bog. Agr. Soc. 1874, 541). 



Guano from Pabillon de Pica 

La Barlo- 
venta : white 
guano fi'om 
surface 

La Cueva, 

26 feet from 
surface 

San Lo- 
renzo, 15 ft. 
from 
surface 

Cueva del Rinconada 

Sm*face 

50 ft. from 
surface 

Moisture . 

4*13 

3*20 

5*45 

9*23 

6'70 

Organic matter and? 






ammonium salts ) 

59*01 

46*17 

49*40 

41*32 

55*10 

Earthy phosphates . 

21*82 

25*51 

27*01 

23*80 

24*55 

Alkali salts 

9*00 

15*49 

15*99 

23*30 

12*10 

Sand 

6*04 

9*63 

2*15 

2-35 

1*55 

Phosphoric acid 

11*67 

13*49 

14*06 

11*57 

14*72 

Total Nitrogen 

15*08 

9*81 

9*15 

6*68 

11*02 

Nitric acid 

•04 

•01 

•61 

*90 

1*20 
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Pebtjtian G-ttanos. 



Huanillos guano. 

* Punta de Lobos 

1 guano 

5 ft. 
from 
surface 

10 ft. 
from 
smrface 

13 ft. 
from 
surface 

19 ft. 
from 
surface 

r, 

40 ft. 
from 
surface 

5 ft. 
from 
surface 

8 ft. 
from 
surface 
4' 

40 ft. 
from 
surface 

Moisture . 

Organic matter and) 
ammonium salts J 
Earthy phosphates . 
Alkali salts 

Sand 

8-23 

46*46 

22*45 

19*22 

3*G4 

5-25 

41-90 

30-21 

16-73 

5*91 

15-39 

34*21 

24*71 

23-09 

2*60 

12*67 

34*83 

33*20 

15*69 

3*61 

8*66 

47*09 

24*20 

16-65 

3*40 

14*53 

35*77 

26*50 

20*35 

2*85 

4*79 

C7-14 

23*09 

27*04 

27*94 

14*06 

49*74 

21-40 
13 45 
[ 1*35 

Phosphoric acid 

15-62 

15-30 

! 12*93 

16*65 

14*35 

15*34 

10*95 

11-01 

Total nitrogen . 

10-40 

7-45 

6*65 

6*72 

8*81 

6-55 

1>64 

9*99 

Nitric acid 

2-87 

2-46 

•25 

•35 

1*10 

3*40 

•29 

3*50 


The total amount of these deposits is about 7,301,000 tons, to which the deposits 
at Papillon de Pica contribute 5,000,000. With one exception, the guanos are not 
equal to the old Ohineha guano, which contained 14 per cent, of nitrogen, but they 
are mostly in excellent condition, dry, and free from lumps, G-uano does not seem to 
alter steadily in composition with the depth from surface, its composition apparently 
depending less on its age than on other circumstances. The nitric acid of the Peru- 
vian nitre beds may possibly be derived from ancient guano. 

Phosphatlc gruauos (Voelcker, JoiLm, Hoy. Ag. Soo. [2], xii. 440-459). An- 
gamos guano, from the Bolivian coast, affords the best example of the rapidly dried 
recent excrement of sea-birds ; this guano is acid to litmus, and contains 19-21 per 
cent, of nitrogen. Bird-dung, exposed to the weather in various climates, undergoes 
change, and guanos of various qualities are produced. The ultimate effect of rain is 
to destroy the organic matter ; the guano then remaining is said to be ‘ phosphatic,’ 
and contains very little nitrogen. These phosphatic guanos are of great value as 
materials for high-class superphosphate. The annexed table gives more or less com- 
plete analyses of a number of phosphatic guanos. In many instances, the bases 
present are insufficient to form tribasic salts with the phosphoric acid ; this is es- 
pecially the case in the stony masses, known as ‘ crust ’ guanos, frequently found in 
deposits much altered by weather. Mejillones guano is a deposit near the coast of 
Bolivia, estimated at several million tons; the phosphoric acid, on an average of 12 
analyses, is equal to 72T per cent, tri calcic phosphate. Some of the guanos from 
islands in the Gulf of California contain over 80 per cent, of tricalcic phosphate. 
Curacpa Island is on the coast of Venezuela; a rock-phosphate from Great Cura 9 oa 
yielded 81-9 per cent, tricalcic phosphate. The five guanos next mentioned in the 
table are of little importance. Baker, Howland, and Jarvis Islands lie near the 
equator, in the Pacific Ocean ; their gnano is now nearly exhausted ; the analysis of 
J arvis Island guano represents the present inferior importations ; calcinm sulphate is 
often present- Shaw’s, Malden, Enderhury, and Starbuck Islands are coral islands in 
the Sonth Pacific Ocean ; the guano is of high quality, but apt to be contaminated 
with fragments of the coral rock. The South American guanos are seen, from the 
analyses, to contain a large quantity of water and sand, and to be richer in nitrogen 
than the others mentioned ; they vary much in composition. Patos Island is on the 
coast of Lower California. Bird’s Island belongs to the Pacific group. 
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PEECENTicGE Composition of Phospha.tic G-panos. 



Falkland Islands 

Patagonian 

Patos 

Island 

Bird’s 

Island 

Number of Analyses 

1. 

1. 

1. 

1. 

1. 

1. 

Water 

33-43 

35-86 

21*46 

6-59 

14-35 f 

6-92 

Loss on ignition . 

21-42 

26-07 

11'74 

10-28 

10-24 

4-80 

Phosphate of calcium . 

32-04 

22*01 

27*61 

23-44'^ 

53-48 

80*44 

Carbonate of calcium . 

2-52 

5-64> 

9*99 

— 

2*58 

6-38 

Sulphate of calcium 

— 

- i 


— 

— 


Alkali salts, &c. . 

6-22 

7*34 

6-07 

9-05 

4-63 

1-34 

Siliceous matter . 

4-37 

3-08 

30-13 

50-69 

14-72 

•12 

Nitrogen 

4-3 

4*42 

1-83 

*90 

*96 

— 


Bats’ Guano. By A. Voeleker (Jour. Boy. Agri. Soo. 1878, 60-72). This 
material is found in the eaves inhabited by bats; large quantities have been dis- 
covered in Arkansas and Texas, and on the Bahama Islands ; the deposits from the 
latter are know as Guanahani guano. Both texture and composition are very 
variable. Some specimens are light-coloured, dry, and powdery, and full of the 
undigested wings of insects. Other specimens are dark, damp, and lumpy, and of an 
earthy texture. The guano has very little odour. The following table shows the 
principal ingredients of a new and old deposit from caves in Arkansas, and the mean 
composition of eight cargoes imported from the Bahamas, with the highest and lowest 
percentages : — 



Arkansas Guano 

Bahama Guano 


Old 

deposit 

New 

deposit 

Highest 

per- 

centages 

Lowest 

per- 

centages 

Mean 

Water 

6*74 

33'63 

31-49 

9-45 

24-02 

Organic matter .... 

21*32 

44-63 

27*97 

10-74 

14-96 

Ash 

71*94 

21*84 

79-14 

50-76 

61-02 

Nitrogen as organic matter and ( 
ammonia . . . \ 

2-48 

6-62 

1*93 

0-53 

0-89 

Nitrogen as nitric acid 

0*46 

2-18 

1-06 

0*23 

0-47 

Total nitrogen .... 

2-94 

8-80 

2-99 

0-80 

1-36 

Phosphoric acid .... 

6-64 

3-76 

21-09 

4*59 

13 '49 


As with most other guanos, the recent deposits are rich in nitrogen and poor in 
phosphates, while in the older and more decomposed deposits the proportion is re- 
versed. Kitrates are present in all specimens. A small part of the phosphoric acid 
exists in the soluble form. The chief constituents of the ash, besides phosphates, are 
siliceous matter, and carbonate and sulphate of calcium, but the proportions are very 
variable. The composition of bats’ guano from Spain, Jamaica, and Penang (the 
latter is known as * Typelawer ’) was found to range nearly within the limits above 
given (see also p. 765). 

FISK GITAWO. A sample of Norwegian fish guano steamed and deprived of fat, 
supplied by the firm of Otto Eadde in Hamburg, has been analysed by H. Vohl (JDingl. 
^ol. J. ccxv. 461) with the following results : 

Organic 

P=0^ CaO MgO NaCl KCl S and CO“ SiO= H=0 N substance 

13-894 16-431 0-468 1*392 trace 0*023 1-534 3*069 0-886 6-393 8-673 47*167 

— V ^ ^ , f 

37-697 asb 62-303 volatile and 

organic matter 

This guano contains about 12 per cent, nitrogen, and gives up to cold water 33-34 
per cent, of its weight, the solution containing, besides easily soluble phosphates, 
15 per cent, nitrogen in the residue dried at 100°, It passes into putrefactive decom- 
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position at 11°, whereas fish guanos still containing fat are very slow in putrefying. 
Disintegration with sulpliuric acid is not advantageous, as the sulphuric acid is chiefly 
taken up hy the organic matter ; even when it was added to the amount of 30 per cent, 
the product contained only 3*58 to 3-60 per cent, soluble phosphoric acid. Setter 
results were obtained by treating the guano first with an alkali and then with sulphuric 
acid, but this mode of decomposition is for the most part too costly. 

The decompositibn of the insolnble nitrogen-compounds ip fish-guano is sometimes 
effected by moistening with water or urine, and leaving the mass in ferment. Por 
50 kilos, of manure 30 litres of urine or water are necessary ; 5 kilos, of gypsum are 
added, anj the heaps are covered with gypsum or earth to prevent loss of nitrogen. 
The temperature rises to above 40°, and when it begins to fall, the fermentation is 
over (A. Paget, 0/iem. Gentr. 1877, 206). It has, however, been found by several 
experimei-ts that the best method of bringing the nitrogenous matter, and likewise 
the phosphoric acid, into the soluble state, is to feed cattle with the guano and use 
their excrements as manure. In the following experiments, fish-guano, mixed with 
groats, was given to two sheep, which ate it readily. The guano contained 56'04 per 
cent, albuminoids (9-44 nitrogen), 2T1 fat, and 41-85 mineral matter. 

The following analyses show the composition of the dried excrements of the animals ; 
A when each sheep was fed on 656*85 grams of dry hay and 400 grams of groats per 
day, and-B when 150 grams of fish meal were added to the above rations : 


A B 

s. Jl.. 



No. I. 

No.n. 

No. I. 

No. 11. 

Albuminoids 

10-12 

9*75 

10-94 

10-81 

Fibre 

41*33 

42-23 

34-16 

34-07 

Fat 

3-50 

3-22 

3-19 

3-26 

Non-nitrogenous extractive matter 

34*10 

33-96 

31-19 

31-64 

Ash 

10-95 

10-84 

20*52 

20-22 

Total weight of dry excrement per day 

427-04 

420-51 

442*90 

445-68 


Water containing carbonic acid in solution, dissolved 18-35 per cent, of the phos- 
phoric acid contained in the fish-guano, and 67*5 per cent, of the phosphoric acid in 
the fresh sheep dung. After the dung had been kept for tw-o months, and decomposi- 
tion had set in, the solubility of the phosphoric acid rose to 73*24 per cent. These 
results show that the value of the fish-guano as a manui-e is increased by passing 
through the alimentary canal of the animals (0. Kellner, Landuj. VcrsucJis-Stationen, 
XX. 423), 

The proportions of phosphoric acid, nitrogen, and ash in various guanos and other 
manures hare been determined hy P. Wagner (JBer, d. Landw. Versuchs-Bt. Darmstadt, 
1874): 



Phosphoric acid 

Nitrogen 

Ash 

Fish guano 

11-6 

8*1 

41-2 

Whale guano 

11*4 

6-5 

44-1 

Frey Bentos guano .... 

15*70 

6-21 

41-02 

Peru guano 

10*7—15-9 

3.3—14.3 

— 

„ (disintegrated) 

Bone-meal 

8-7— 8-10 

8*1—10-3 

— 

18—19 

3*4 



Steamed bone-meal .... 

1 20-26 

3*25 

i 

— 


On the Composition of Guano, see also Chevreul {Compt. rend. Ixxvi. 1376, 1500 ; 
Ixxvii. 155, 453, 569, 901 ; Chem. Bog. Jour. 1873, 1052 ; 1874, 90). 

The name ‘ European guano ’ is applied to various mixtures of horn, blood, urine, 
dung, calcium phosphate, wool, vegetable albumin, &c., containing, on the average, 
5-2 per cent, nitrogen, 6-2 soluble phosphoric acid, and 0*8 potash. 

GtrAK’OX.ZXO'X:, See Guanido-caebonio Ethees (p. 910). 

axTAK-OVUZiXTE (F. Wibel, Ber. vii. 322). A mineral, found by C. Gottsehe, 
forming the interior of a crushed bird’s egg firom crude Peruvian guano, the shell of 
which consisted of calcium phosphate and carbonate, coloured brown by organic 
matter. It is yellowish-white, with a silky to satiny lustre and laminar structure. 
Hardness —2. Sp. gr. = 2‘33--2-6o at 15°. When heated it remains unaltered at 
100°, but at 141° it gives off 10*91 per cent, consisting of water and ammonia with a 
little sal-ammoniac, and at 190° it blackens ; the entire loss amounts to 36-10 per cent. 
Analysis showed that the mineral has the composition (NH'‘)2S0^2K2S0‘‘.3KHS0^4H20, 
with traces of ammonium chloride, lime, soda, phosphoric acid, organic matter. &c. 

3 o 2 
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That Tu cannot be wholly derived from the constituents of the egg itself, is evident 
from-the fact that some of the eggs are almost filled with it ; the quantities of potash 
and snlphuric acid are much larger than would he contained in the fresh egg, and 
must, therefore, have been introduced by diffusion, whilst 'the soda, phosphoric acid, 
&c., were removed by the same process. The most remarhable feature is, however, 
the presence of the acid potassium sulphate, which has hithert^ been known only in 
the rare volcanic mineral, misenite. On evaporating a solution of guanovnlite at 
ordinary temperatures, it separates out unchanged, in crystals belonging to the 
rhombic system, but the solution, when heated, becomes strongly acid, and deposits 
the three constituents separately. ^ 

GtTARikXffA. Por the preparation of caffeine from this substance, the following 
method is recommended by P. V. G-reene {Fharm. J. Trans. [3], viii. 87) in^reference 
to that given by Stenbonse (i. 708). Powdered gnarana is mixed with three times its 
weight of finely divided litharge, and boiled in distilled water until, on leaving it to 
cool, the insoluble portion rapidly subsides. The cool, clear liquid is then filtered, 
and the residue washed with boiling water, till the washings produce no precipitate 
with phosphomolyhdic acid or platinum chloride. The small amount of lead in the 
filtrate is then precipitated by snlphuretted hydrogen, and the solution on evaporation 
yields colourless crystals of caffeine, which may be reerystallised from alcoM. 

The tannin of gnarana is found by Green {ilid. 828) to differ in several of its 
reactions from ordinary tannin, for which reason he regards it as a distinct compound, 
and proposes to call it Taullitannio acid* 

GTrAYACAWZTE. The variety of enargite from the Cordilleras of Chile, so 
named by Pield (ii. 488), is regarded by Frenzel as identical with luzonite (see 
Enargite, p, 733). 

GUM. It is commonly supposed that the formation of gum in plants is due to a 
transformation of the cell-wall, but from microscopic observations by E. Prillieux 
{Compt. rend. Ixxviii. 155) it appears that gum is produced in the interior of the 
vessels in the form of small drops which gradually unite. According to Mercadante, 
on the other hand {Berl, Ber. ix. 581), gum and starch are formed simultaneously in 
the plant- cell, the gum on the walls, the starch in the interior. At a later stage, the 
gum increases in quantity while the starch diminishes ; but this result is not due to 
a conversion of the starch into gum, the starch being, in fact, converted into the 
soluble’ modification, which serves for the nutrition of the plant. 

Aceordicg to Schiitzenberger, ordinary gum (arabin) is contained in considerable 
quantity in the extract obtained by boiling yeast with water (p. 783). 

On the Gum of Sugar-beet and the so-called ‘ fermentation-gum,’ obtained from 
Peet-juice which has passed into the state of mucous fermentation, see Arabin (p. 118). 

On Kauri or Cowdie gum, the produce of I)a7m?iara atistraliSf see Da-mmara 
resin (p. 625). 

Quebracho Qum. — The Quebracho Colorado {Loxopterygium Lorentii, Grisehach) 
is a tree belonging to the Anacardiaeeous order, indigenous in, and peculiar to, the 
northern part of the Argentine Eepublic. The so-called gum, or rather thickened 
juice, collects in the cracks and hollows of the wood, in ruby-red concretions somewhat 
resembling colophony, but more brittle ; it is easily pulverised, and yields a brick- 
red powder. It is scentless, but has a slightly astringent taste. Sp. gr. 1*3756 at 
15®. It is easily soluble in alcohol, acetone, and acetic ether ; dissolves also in amyl 
alcohol and acetic acid, but is insoluble in benzene, carbon bisulphide, chloroform, 
and turpentine oil; nearly insoluble in cold water and in ether; nevertheless an 
ethereal solution, having an emerald-green colour, may be obtained by agitating the 
gum with ether and water. Boiling water dissolves it completely, and deposits part 
of it on cooling. It dissolves also in strong sulphuric acid, and is precipitated there- 
from^ by water. Heated in a platinum capsule it swells up and burns, lea-ring a 
shining porous cinder, which bums away slowly on continuing the heat. If the 
combustion be completed in a stream of oxygen, the unburnt residue is scarcely 
appreciable. 

A 1 per cent, solution of the gum in absolute alcohol, in a layer 7 mm. thick, 
exhibits an absorption-spectrum having a dark band commencing between the solar 
lines A and B, and terminating at 0 ; another extending for a short distance on each 
side of D ; and a third beginning half-way between D and E and extending to all the 
more refrangible part of the spectrum. The same solution in a layer 25 mm. thick 
absorbs the whole of the spectrum, excepting a narrow space from C half-way to D. 
A solution of dragon’s blood, which in some respects resembles quebracho gum, 
exhibits a very different spectrum, containing a dark band extending for a short 
distance on each side of 0, and a second beginning jnst beyond I) and occupying all 
the rest of the spectrum, 
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Bcactions. Quebracho gum, subjected to dry distillation, yields between 100° and 

1 20° a distillate which remains liquid on cooling, and between 240° and 245° a dis- 
tillate which solidifies to colourless prisms of pyrocatechin (m. p. 105° nearly, 
b. p. 240°-«245°). The gum is strongly attacked by concentrated oiitric acid, and 
when heated with ti^^e same acid somewhat diluted with water, it is oxidised to oxalic 
acid and trinitrophenol or picric acid. Fused with^oz'fza^ it yields proto- 
catecliuic acid, or C®H^(OH)-.COOH, and phloroglucin, C“HW. 

The formation of these products renders it probable that quebracho gum contains 
one of tl^ bodies called catechins (see p. 415) : but, in consequence of the great 
tendency of these bodies to alteration, their actual presence in the gum has not 
been satisfactorily demonstrated. The existence of cateehin in an anacardiaceous 
plant woUid be a novelty, this body having hitherto been found only in the leguminous, 
rubiaceous, a,nd cedrulaceous orders (Pedro K. Arata, Armies de la Sociedad^ cientijica 
Argentina, July 1878). 

Sonora gum is a name given in Mexico to crude shellac (g^.v.) 

GTTMI-BESZTarS. See Eesins. 

G-UlO'-COTTOaa'. From analyses made by reduction with ferrous salts, 
Champion a. Pellet {Comgt rend. Ixxxiii. 707 ; Ixxxiv. 609) conclude that Abel’s 
compressed gun-cotton consists not of trinitrocellulose, as stated by Abel (Is-zJ Sufpl. 
659), but of pentanitrocellulose. Abel, on the other hand {Compt, rend, Ixxxiii. 1011), 
shows that the analyses on which this conclusion is founded are defective, inasmuch 
as no care was taken to free the gun-cotton from admixed nitro-dorivatives of fatty 
and resinous substances, by washing with alcohol and ether. Gun-cotton, prepared 
with the utmost care in his own laboratory, exhibited the composition of trinitro- 
cellulose, as determined several years ago by Walter Crum and by Pelouze, whereas 
commercial gun-cotton was found to be a mixture of about 85 per cent, trinitro- 
cellulose "^vith about 4 or 5 per cent, of unattacked cellulose and 10 per cent, dinitro- 
cellulose. 

Bottger (Dw 2 ^^. ^<5?. Ji ccix. 315) finds that gun-cotton is dissolved by a boiling 
solution of sodium stanoiitc, and that the regenerated cellulose is , precipitated on 
adding to the liquid an excess of hydrochloric acid. As.cellulose itself is not dissolved 
by sodium stannite, this reaction aiFords an easy method of determining the amount 
of unaltered cotton in a sample of gun-cotton. 

On the Heat of Combustion of Gun-cotton, see Explosion (p. 767). 

On the Heat disengaged in its Formation, see Heat. 

Ooi the Spectrum of Exploding Gun-cotton, sqq Lohse {Fogg, Ann, cl. 641; Jahrcsh. 
f, Chem. 1873, 151). ' 

GXTSarPOWBBR. JDecompositioii . — The following equations, representing * dif- 
ferent stages of the decomposition of gunpowder, are given by Debus {Brit. Assoc, 
Beports, 1875 [2], 40) : 

(1) . 24B:N03 + C3- -h 0 = 12K2CO» + 9CO -f- 14CO= i2N=. 

(2) . 16KN08 + C^ -f - SK^SO^ -h SCO^ + 

(3) . + C'^ -h S + 0 = 5K=S + K2S203 + 11002 . 

From the thermic effects produced by the explosion of gunpowder, Berthelot infers 
{Compt.rend, Ixxxii. 475) that the explosion gives rise to the formation of all the 
compounds that are permanent imder the circumstances of the experiment, chiefly 
sulphur, potassium carbonate, and potassium sulphate, together with carbon monoxide 
and dioxide, nitrogen, and vapour of water. The proportions of these several products 
vary with the local circumstances of the mixing and of the ignition. If the products 
remained in contact for a considerable time, their reciprocal actions would bring them 
into the condition which is consistent with the greatest possible evolution of heat, — 
that is to say, it would lead -to their ultimate conversion into and 00^; but' 

the sudden cooling prevents the completion of this reaction. Nevertheless each of 
the products is formed in a regular manner, and the chemical transformation of 
powder may in aU eases be represented by a system of very simple equations. 

On the Heat of Combustion of Powder, see p. 767 ; also De Tromenec 
{Compt, rend. Ixxvi. 384 ; Jahrcsh. f. Chem. [1873], 1026). 

On a method of testing the Fineness of Gunpowder, depending on the intensity 
of its combustion, see OliEoriQr {Compt. rend. Ixxviii. 1138 ; Jahrcsh. f. Chem. 1874, 
1122; Chem. Soc. J. [1874], 1023). 

An apparatus for measuring the pressure produced by the gases of biuming 
powder in the chamber of the gun, and the pressure which the shot produces in 
driving the air before it, has been devised by IJeprez a. Sebert {Compt. rend. Ixxviii, 
1835; Jahresb.f. Chem. 1874, 1120). 
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0>a the Composition and Analysis of Wood-Griin powders, see F. "W. Toms {The 
Field, 1878, No. 1336, p. 143 ; Ckem, Soc. J. xxxiv. [1878], p. 923). 

GURJUK BAIiSAlME. From the residue left in the preparation of a large 
quantity of this balsam, Fliickiger obtained a neutral crystalline ^substance, 
which dissolved in petroleum-spirit, and separated therefrom in prismatic crystals 
belonging to the triclinic system, and melting at 126°-130°. This substance does not 
unite either with bases or with acids, but dissolves with reddish colour in sulphuric 
acid and is reprecipitated by water. It is not altered by fusion with ^potassium 
hydroxide. By dry distillation it yields an oil which is not affected by ferric chloride 
{Arch. Pharm. [3], xii. 58). 

GYPSXrm. Occurrence and Formation. — On the formation of Grypsum by the 
action of sulphur on calcium carbonate in presence of water, see Caebonates (p. 411 ). 

The gp)sum and anhydrite of Airolo and Val Canaria have been described by 
K. von Fritsch {Jahrh. f. Min. vii. 299). These formations exhibit the tremendous 
force exerted by the expansion consequent on the conversion of anhydrite into gypsum, 
a force by which the crystals enclosed in the surrounding rock have been rent asunder. 
These crystals, which in the anhydrite are developed with perfect regularity, £L’e found 
in the gypsum only as disintegrated fragments. Amongst these enclosed crystals are : 
bitter spar (4K0E in the anhydrite, cleavage-rhombohedrons in the gypsum); 
quartz;ironpyrites converted into brown iron ore; disthene (often supe^Scially 
metamorphosed into transparent mica or talc ) ; laminae of mica and tale (probably 
for the most part formed from disthene, as this mineral occurs frequently in the 
anhydrite, rarely in the gypsum, whereas for mica and talc the reverse holds good) ; 
very rarely tourmaline. 

On the Crystalline Forms of Gypsum from Eichstadt near Merseburg, from the 
Pappelsberg in the Siebengebirge, and of gypsum twins from Eisleben, see Laspeyres 
{Jhhrb.f. Min. ISlQjWO; Chem. Soc. J. 1876, ii. 53); also Keusch Mittheil. 

1876, 67). 

Gypsum crystals from the miocene clay of Siitel in East Holstein, where they 
occur abundantly, are described by P. Klien {Jahrb. f. Min. 1876, 556). The usual 
forms of gypsum occur in this locality, but occasionally ciuuous groups are found 
which bear a resemblance to twins, but are not so in reality. One crystal in these 
groups is larger in size than any of the rest, and at the same time serves as a support 
for the other crystals, which seem to radiate outwards from its centre. These 
crystals mostly enclose ferric oxide, which is distributed parallel to the various crystal 
faces, often assuming the appearance of a kernel in the crystal, enveloped by ferric 
oxide. Sometimes this deposition is repeated, giving rise to the formation of parallel 
zones. 

On the ‘Crystal-tectonic’ of gypsum, see Klien {ibid. 563 ; Chem. Soc. J. 1877, 
i. 582). 

Elasticity. — The coefficients of elasticity in gypsum are proportional to the cubes 
of the lengths of the axes of the coloured rings producible by pressure, and therefore 
also (see Heat) to the cubes of the axes of the ellipses representing the distances to 
which a uniform temperature is extended in different directions by a given source of 
heat (Jannettaz, Comyt. rend. Ixxxii. 839). 

Beaetion mith SulpJmr. — In the extraction of sulphur from the ore by distillation, 
the sulphur is said by the workmen to be partly destroyed by the gypsum. This 
effect may be explained by the reaction represented in the equation CaSO'* + 2)S ~ 
2SO'-^-l-OaS (A. Cossa, Cazz. Chim. ital. 1874, 241). 

Hardening of Burnt Oyjpsim. — ^Experiments by E. Landrin {Ann. Chim. Phys. [5], 
iii. 433) have shown that the rapidity with which burnt g 3 q)sum takes up water 
depends upon the temperature at which it has been burnt, and the time during which 
it has been exposed to that temperature. The best result is obtained by exposing 
the gypsum to a temperatiire of 100°-300°, for 12 to 20 hours. Gypsum which 
has been heated to 400° likewise absorbs water quickly when stirred up with it ; 
but hardens less, in proportion as it has been exposed to that temperature for a longer 
time. It is only at a cherry-red heat that gypsum loses the power of taking up 
water, but even at this temperature it does not give off sulphuric acid or experience 
any other chemical change. 

The action of water on gypsum maybe supposed to take place as follows. On 
coming in contact with water, part of the gypsum immediately becomes crystalline, 
while another part dissolves, and the liquid thus formed solidifies like a supersaturated 
solution, as soon as a crystal is formed by the evaporation of the water. The hardest 
product has the composition GaS0h2H20, and contains 20 per cent, water. Ordinary 
burnt gypsum btili retains 8 per cent, water, so that by stirring up the g 3 "psum with 
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only 12 per cent, water, a paste sliould be formed which would solidify to a comjpact 
mass more quickly than any other. In practice, indeed, a paste thus composed is 
found to solidify too quickly, and for this reason it is customary to use at least 33 pts. 
water to 100 g}-psum, and often a great deal more. The greater the quantity of water 
used, the looser is th^ solidified mass. To obtain a paste which solidifies slowly and 
ultimately becomes very hard, solutions of glue, dextrin, .glycerin, &c., are used 
instead of water. Another method often adopted is to add a large quantity of water, 
and strew common salt on the surface of the solidifying mass ; the salt takes water 
from the p.iste, which then solidifies quickly. The desired properties of slow solidi- 
fication and great ultimate hardness are found united in the so-called ahimed 
gypsums or English cements, which are made by steeping burnt ^psum for a few 
minutes in a 12-20 per cent, solution of alum, and then heating it to dull redness. 
It is commonly supposed that this process leads to the formation of double sulphates 
of calcium and alkali-metal. This view, however, is not confirmed by Landrin’s 
analyses of a nmnber of these gypsums, the results of which are shown in the 
following table : — 



French Cement 

English Cement 

1 2 

Stucco 

Calcium Sulphate 

96-75 

98-19 

98-02 

98-55 

Calcium Carbonate . 

1-05 

0-41 

0-37 

0-36 

Silica 

0-72 

— 

0-42 

0-51 

Water 

1-48 

1-45 

1*19 

1-08 


These numbers show that the constituents of the alum do not enter into the 
gypsum, as supposed by Gmelin and by Schott {2nd Sztppl. 590). As massive native 
gypsum is for the most part rich in calcium carbonate (a sample from Paris was found 
to contain more than 4 per cent.) ; the treatment with alum serves merely to convert 
this calcium carbonate into sulphate. The alum for this purpose cannot be replaced 
by the simple sulphates of aluminium, potassium, sodium, ammonium, &c. ; but the 
same effect may be produced by sulphuric acid. Crude gypsum, left in contact for 
some time with sulphuric acid of 8 to 10 per cent., and then burnt, yielded a prepara- 
tion which exactly resembled alumed gypsum, and had the further advantage of a 
fine white colour, due to the destructive action of the sulphuric acid on admixed 
organic substances. The sulphuric acid cannot be replaced by hydrochloric acid, as 
the hygroscopic calcium chloride produced by the latter could not be completely 
removed. G-ypsum which has been treated with sulphuric acid and afterwards burnt 
at a high temperature, behaves like strongly heated pure calcium sulphate ; it dissolves 
in water more slowly than ordinary gypsum, does not become heated in combining 
with water, and solidifies less quickly than ordinary gypsum. The setting may be 
accelerated b}" heating the paste, or by using warm water for the mixing. If the 
gypsum be mixed with quick lime, the latter slakes dmung the mixing with w^ater, 
thereby raising the temperatiu'e, and accelerating the evaporation, and consequently 
the setting of the gypsum. The resulting calcium hydroxide becomes saturated with 
carbonic acid, and thereby increases the solidity of the gypsum. The best proportion 
of lime to be added to the gypsum is 10 per cent. 
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KAiMATBIXf . See Hjbmatoxylik. 

H.ffiWIATlN*. See HiEMOonoBiN. 

KjSliaATlJTOKrE. For the preparation of this red glass (iii. 3), the following 
process is recommended by Kayser {Institut. 1876, 279). Sixty parts of pure sand, 
10 cupric oxide, 8 ferrosoferric oxide, 10 calcined borax, and 10 calcined soda, are 
fused together at a high temperature, whereby the cupric oxide is reduced, after 
which the heat is lowered to dull redness, and kept at that point for some time. The 
product is a deep red glass flux covered over with a thin layer of cupric oxide glass. 
In Pettenkofer’s process (iii. 3), which consists in adding cupric oxide mixed with 
ferrosoferric oxide as a reducing agent to a lead glass, a partial reduction of the lead 
oxide takes place at the same time, whereby the glass acquires a brownish or even 
blackish colour. 

KJSQMATOIBXXr. See H^MoaLOBiir. 
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H2:»ZiiTOXYX>XN’, This compound is related to brazilin and 

reso’rcin in the manner sho'vm by the equation : 

C“H'80^ + H^O = + c®b:so2 

Brazilin. H^mato- Eesorcin. 

' sylin. -- 

(Liebermann a. Burg, Dmt. Chem. Ges. Ber. s. 1883). 

A solution of haematoxylin boiled iu a platinum dish in an atmosphere free from 
ammonia acquires merely a brownish or brownish yellow colour ; but, if boiled in a 
test-tube, it assumes in a few minutes a purple colour, showing that the glass has 
been decomposed, and has given up alkali to the water ; for it is only in presence of 
oxygen and alkali that hsematoxylin acquires the purple-red colour of^ hsemateiu; 
On account of its sensitiveness to alkalis, hsematoxylin may be very advantageously 
used as an indicator in acidimetry, especially for the estimation of non-volatile acids, 
which, by its aid, may be directly titrated with alkaline bicarbonates (0. Maschke, 
Bcr. vii. 1535 ; Jrc/i, Bharm. [3], vi. 34) : see also H. W. Mitchell {Amer. Chemist, 
vi. 91). 

According to Frebanlt (J*. Bharm. Chem, [4], xxiii. 338), the red colour of hsema- 
teih is destroyed by iodine or potassium iodide in presence of an alkali^^and the 
reaction may be employed, best in very dilute solutions, for determining the amount 
of hsematoxylin in logwood, and for the estimation of iodine. 

BASlVIxn'. See the next article. 

HJEIlVXOGX.OBXXr ABB ITS BZSBXVATXVSS. Hemoglobin 

is resolved by the action of Mine into hematin and globulin, as may be proved, both 
by comparing the absorption-spectrum after the addition of the iodine with that of 
pure lisematin, and by observing the reaction itself under the microscope. In the 
latter case, not only is the actual precipitation of the hematin visible, but crystals 
of the iodide may be obtained by gently warming the substance on the microscope 
slip, with a drop of glacial acetic acid. These crystals belong to the rhombohedral 
system, and exhibit a stellate arrangement, often resembling the form of a Maltese , 
cross (Husson, J, Bharm, Chim, [4], xxii. 326). 

According to Bossbach (A*. Bep, Bharm. xxii. 512), alkaloids increase the 
affinity of haemoglobin for ozone, and retard the transference of the latter from 
haemoglobin to other bodies. According to E. Schaer, on the other hand {Dent. Chem. 
Ges. Ber. vii. 1345), the separation of ozone from haemoglobin is not retarded under 
normal circumstances by hydrochloride of quinine or by acetate of strychnine. 

Estimation of Htsmoglohin. — Scliutzenberger a. Bisler’s method of estimating 
oxygen in blood by means of a standard solution of sodium hyposulphite, Ha^SO®, 
has been applied by Quinquaud (Cbmj)??. Te7id. Ixxvi. 1489), to the determination of 
the amount of haemoglobin contained in blood. The larger the quantity of haemo- 
globin present, the greater is the amount of oxygen taken up by the blood when 
shaken up with air. 1,000 grams of human blood, containing 125 grams of haemo- 
globin, absorb 200 c.c. oxygen. The blood of poultry takes up per litre 170 c.c. 
oxygen ; it must, therefore, contain 82 grams of hemoglobin per litre, a quantity 
agreeing exactly which Hoppe-Seyler calculated from the amount of iron in poultry 
blood. 

On the Spectroscopic Estimation of Haemoglobin in Human Blood, see Wiskemann 
{Zeitschr. f. Biologie, xii. 434 ; Chem. Soc. J. 1877, ii. 808). 

Beroxyhcemoglohin. — ^By the action of acids on blood, a peroxidised product 
has been obtained, from which the oxygen can be again extracted by strong reducing 
agents, with formation of oxyhaemoglobin, and subsequently of reduced haemoglobin. 
This substance, called peToxyhmmoglohin by Sorby, methcBmoglobin by Hoppe-Seyler, 
nitriVimioglohin by Gamgee, may be prepared by acting upon blood with oxidising 
agents, such as potassium permanganate. 

Per oxyhaemoglobin, in alkaline solution, has a three-banded spectrum. In acid 
solutions the spectrum has four absorption-bands similar to those of acid haematin. 
The most characteristic band has a wave-length of about 633, but by addition of acid 
to the blood, the position of the band changes with the intensity of the acidity, being 
moved towards the red end of the spectrum (Jaderholm, Zeitsohf.f. Biologie, xiii. 255). 

Haematin. Cazeneuve prepares pure haematin by dissolving 1 litre of defi- 
brinated blood with 2 litres of a mixture of 3 parts ether and 2 parts alcohol of 85°. 
After twenty-four hours, the liquids having been stirred from time to time, the 
ethereal solution is decanted off and replaced by a fresh quantity of liquid containing 
2 per cent, of oxalic acid. This dissolves out the colouring matters, and on the 
addition of ether holding ammonia gas in solution, to exact saturation of the oxalic 
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acid, h^matin is precipitated. The precipitate is washed successively with ether, 
alcohol, and water, and the residue ^ally treated with ether saturated with hydro- 
chloric,’ hydrobromic, or hydriodic acid, yields characteristic crystalline compounds 
(■/. [4], xxiv. 116). , ^ , 

Cazeneuve assigns to hsematin the formula, agreeing with the 

latest determination by Soppe-Seyler i2oid Siippl. 201). Its barium salt has the 
composition C^^H^sBaNsFe^Oio (Bull. Soc. CUm. [2], xxvii. 485). ' 

When blood is treated with concentrated soda-solution, there is obtained after 
some time a br^ht red solution of reduced haematin, which subsequently coagu- 
lates. By dissolving this in water and treating it with dilute acetic acid, the colour- 
ing-matter is precipitated as oxyhsematin. It may be somewhat purified by 
dissolving in ammonia- water, and reprecipitating with acetic acid ; but it still contains 
albumin and a chlorinated compound insoluble in water. 

Hsematin, though usually insoluble in dilute as well as in concentrated acids, even 
hydrochloric acid, dissolves in concentrated acetic acid, and shows the same four- 
Irnnded absorption-spectrum that it gives in acid, alcoholic, or ethereal solutions 
(Iszl Sii-ppL 355). A constant difference exists between the spectra of these solutions. 
In the alcoholic solution the absorption-band in the red is farther from Fraun- 
hofer’s line L than it is in the ethereal solution. In the former the centre of the 
band has a wave-length of about 627 ; in the latter, of about 638. This four-banded 
spectrum belongs, therefore, to h^matin, and not, as stated by Preyer, to a colouring 
matter free from iron, the so-called hsematoin. 

By evaporating the acid ethereal solution, yellowish-brown rhombic crystals and 
spindle-shaped thin tables are obtained. In a similar manner, by using sulphuric, 
hydrochloric, or other acid, crystals may be imocured whose solubility in acids and 
alkalis corresponds with that of hamatin crystals, as also do the absorption-spectra 
which are given by their solutions. Although these crystals contain iron, they are 
in all probability identical with Preyer s hcsmatoiii’Crystals and with Lehmann’s 
h^matin-crystals ; whilst they are closely related to haemin- crystals (Jaderholm, 
Zeitschr.f. Biologic, xiii. 193). 

Hoppe-Seyler (Beut. Chem, Gres. Ber. vii. 1066) finds that the colouring matter 
which he obtained by the action of reducing agents on haematin {2nd Suppl. 202), 
is identical with the compound called urobilin by Jaffe and hydrobilirubin by Maly 
(ibid. 190). 

On crystalline compounds of Hsematin with Acids, see Husson (Cornet rend, ixxxi. 
477). 

Hsematoidin (iii. 3). This substance is produced by treating blood with sodium 
borate and glacial acetic acid. Its crystals, apparently triclinic, exhibit under the 
microscope such varied and multiple forms of arrangement, that it is difficult to fix 
on any one of them as characteristic of the substance ; it may be observed, however, 
that immediately surrounding the crystals, granulations of a reddish colour always 
occur, apparently resulting from the precipitation of the iron of the hsematin at the 
moment of its conversion into haematoidin (Husson, J. Bkarm. CUm. [4], xxii. 326). 

Haemizi. Thiidichum a. Kingzett (Chem: Soc. J. [1876], ii. 255) prepare this 
substance by a modification of Wittich’s process, which consists in treating blood 
with seven times its bulk of a cold solution of potassium carbonate containing 1 part 
of the salt in 2 parts of water. The thick mixture is filtered on calico, then pressed 
in cloths, and afterwards treated with alcohol ; the resulting solution, containing 
potassium carbonate is poured off, after standing for some time ; and.the residue, 
after being freed from liquor by pressing, is dried at the ordinary temperature. The 
product is then exhausted with warm absolute alcohol at a temperature not exceeding 
40°, and the extracts so obtained are treated with an absolute alcoholic solution of 
tartaric acid. In this way the potash is precipitated and the hsemin remains dissolved, 
and on evaporation of the solution, is precipitated on cooling in very minute bluish- 
black crystals consisting of rhombic plates. 

The analyses of this product yielded, as a mean result, 7*651 per cent, iron, 3*022 
chlorine, and 0-608 phosphorus, whence it is inferred, that hsemin consists, not simply 
of hsematin hydrochloride, as hitherto supposed, but of a mixture of that compound 
with hsematin and a crystal li sable phosphorised substance. 

H^min heated in hydrochloric acid gas takes up 3*3 per cent, of its weight of that 
gas. It dissolves in a large quantity of nitric acid, without evolution of gas, forming 
a red-brown solution from which water throws down red flocks, leaving a nearly 
colourless liquid containing only a small quantity of iron, the greater portion of that 
metal being contained in the precipitate. The iron cannot be removed from bsemin 
by treatment with glacial acetic acid and citric acid, or with glacial acetic acid and 
benzene, the hssmin in fact not being altered by this treatment. The statement of 
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Paquelin a. Joly {Com^L rend. Ixxviii. 1579)5 that the colouring matter of blood — 
^v.hich they call JuBmatosin — does not contain iron, is therefore erroneous. 

The liquid obtained by treating h^min with acetic acid and benzene yielded a 
phosphorised substance, forming with cadmium chloride a compound whose analysis 
showed that this phosphorised body is identical with thk substance called myelin 
(q.v.) obtained from^ brain. 

HAZR. The black pigment obtained by Hodgkinson a. Sorby from black and 
dark-brown feathers, is likewise found in hair of similar colour (p. 769). 

KAZ-THAO. This substance, also called gelose, is used for knishing cotton 
goods. It is obtained from an alga, occurring abundantly in Cochin China and in the 
Mauritius, in the form of coarse, flat fibres, which are about 30 cih. long. It is 
without smell or taste, and consists of a transparent colourless mass, covered with a 
net of non-transparent veins. It is insoluble in cold water, and dissolves completely 
in hot water only after boiling for ten minutes, forming a transparent, thin, dirty- 
white solution, which on cooling deposits a yellowish-grey jelly, soluble on boiling. 
The jelly is neither acid nor alkaline, and does not show any signs of fermentation or 
putrefaction even when kept for about eight days. Thao dissolves in cold strong 
snlphnric, hydrochloric, or nitric acid, and is reprecipitated on addii§ water. To 
alkalis it behaves in the same way as to water, and is insoluble in alcohol both cold 
and hot. 

With regard to its use for finishing cotton materials, experiments seem to show 
that it can be used only in hot solutions. With a dilution of 1 part of thao to 300 
parts of water, the solution first begins to fix itself on the textures. With 1 part to 
100 parts of water, the materials are rendered soft to the touch, and the texture gains 
in substance hut not in stifihess. Thao fills the thread more completely than dextrin 
or starch, and produces a moister and finer texture. Py adding glycerin to the thao- 
solution, a still softer and at the same time stronger material is obtained; the addi- 
tion of talc, pipeclay, &e., yields a material of a fatty touch, and much finer and more 
delicate than that obtained from a dextrin or starch solution. Cotton finished with 
thao is not acted upon by cold water, as is the case with dextrin and starch ; thao 
cannot, however, he used without ultramarine, as it gives to cotton a yellow tinge. 
With twilled materials thao draws the substance together, and thus prevents them 
from coming out well. It is only indeed for fine textures, which are to be rendered 
soft and firm to the touch, that the use of thao can be recommended. Where a heavy, 
stiff, and cheap finishing material is required, it cannot compete with dextrin or 
starch (Heilmann, Dioigl. Pol. J. ccxiii. 622). 

HAXIiOVSXTE. A mineral resembling halloysite has been found by J. Bumpf 
{Min. MiWi. 1874, 282) on the Michaelerherg, near Tiiffer in Styria, on the confines 
of the Leitha limestone and trachyte. It occurs in amorphous lumps of yellow, red, 
and brown colour. Analyses by E. Haller of an orange-red variety {a) and a liver- 
brown variety (6) gave the following results : 



SiO= 

APO® 

CaO 

MgO 


H=0 

a. 

31*01 

40*47 

2*26 

1*^4 

trace 

24*27 = 09*65 

h. 

25*66 

30*82 

1*37 

— 

14*34 

27*68 = 99*87 


HAXOG£3Srs. On the Mutual Displacement of Halogen Elements, see 
Chemicai- Action (p. 429). On the thermic phenomena accompanying these reac- 
tions, and the Oxidation of Haloid Salts, see Heat. 

^ Estimation of Halogen elements hy means of Ammonium Thiocyanate (Volhard, 
Liebig's A7inale7i, cxc. 1-61). The chlorine, bromine, or iodine is completely pre- 
cipitated by adding an excess of a standard solution of silver nitrate, and the excess 
of silver is determined hy adding a solution of a ferric salt and then a standard 
solution of ammonium thiocyanate, till the red colour of ferric thiocyanate shows 
itself, indicating the complete precipitation of the silver. A deci-normal solution of 
silver nitrate is used, and the thiocyanate solution is made to correspond with it by 
titration against it in presence of a ferric salt, 

In applying this process to the estimation of chlorine, certain precautions are 
nec6ssary,_ on account of the decomposing action exerted by silver chloride on the 
soluble thiocyanate. If the thiocyanate solution is added in excess to an ammoniacal 
solution of silver chloride, and the mixture is afterwards acidulated with nitric acid, 
the whole of the chlorine of the silver chloride passes into solution ; but if the thio- 
cyanate solution is dropped into a nitric acid solution containing silver nitrate and 
suspended silver chloride, together with the ferric salt as indicator, and the liquid is 
not shaken more than is necessary to secure complete mixture, the action on the 
silver chloride proceeds so slowly that the correctness of the result is not impaired. 
If, however, the agitation is violent and prolonged, the silver chloride, hy decom- 
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posing a portion of the thiocyanate, will gire results too low. It must further be ^ 
remembered that after the pale-brown colour has once appeared, it is scarcely increased 
in intensity by further addition of the thiocyanate: hence it is necessary to acquire 
by practice the power of at once recognising the first appearance of the tint. The 
weighed metallic chloride iis dissolved in 300 or 400 c.c. of water, mixed with 5 c.c. of 
cold iron-alum solution, and with sufficient nitric acid to remove the colour imparted 
by the ferric salt ; deci-normal solution of silver nitrate is then added in slight excess, 
and the addition of the thiocyanate solution is at once proceeded with, the liquid 
being constantlyishaken and stirred round to secure rapid mixture. The titration is 
finished when the liquid retains its pale-brown colour after standing still for ten 
minutes. The number of c.c. of silver nitrate solution used, diminished by the num- 
ber of c.c. of thiocyanate solution, and multiplied by 0’00355, gives the weight 
of chlorine present in grams. If the weight of chlorine in solution is not known 
even approximately, a few drops of the standard thiocyanate solution may be added 
occasionally during the running in of the silver nitrate solution. As long as the silver 
solution is not in excess, the colour produced by the thiocyanate disappears slowly ; 
but as soon as excess has been added, the colour caused by adding a drop of thiocya- 
nate immediatr'^y vanishes, leaving the liquid milk-white. In calculating the result, 
the quantity of the standard thiocyanate thus used must be added to the quantity re- 
quired for titrating the excess of silver, and the whole subtracted from the quantity 
of silver nitrate solution employed. Filtration from the silver chloride is not to he 
recommended, as it occasions waste of time ; neither is the employment of an aliquot 
part of the clear liquid after subsidence advisable, since the accuracy of the result is 
thereby diminished. After a little practice results may be obtained of sufficient pre- 
cision to be valuable for atomic weight determinations. 

Bromine . — The action of silver bromide upon thiocyanate solution does not go 
nearly as far as that of silver chloride ; in fact, experiment shows that the process 
applied to the estimation of bromine gives the final reaction at once and without 
difficulty, the results being very accurate. The point when excess of silver solution 
has been added can be judged with sufficient accuracy by the clarification of the liquid 
after brisk agitation. 

Iodine . — Silver iodide does not exert any decomposing action on the thiocyanate ; 
nevertheless the process is liable to be rendered inaccurate by silver iodide carrying 
down with it potassium iodide or silver nitrate, or both, and thus more or less 
withdrawing them from the reaction. To avoid this source of error, the following 
method of proceeding is necessary : — The iodide is dissolved in 300 or 400 times its 
weight of water in a stoppered bottle, and the silver solution is added to it until the 
precipitate coagulates on shaking; this shows that an excess of silver nitrate is 
present ; OT or 0‘2 c.c. more of silver solution should then be added, and the liquid 
well shaken : by this means any unaltered alkaline iodide is converted into silver iodide. 
Either of two methods may then be used for completing the estimation : after addi- 
tion of the ferric solution and nitric acid, thiocyanate solution is added until a de- 
cided coloration is obtained, and the liquid shaken until the colour disappears, the 
process being repeated until a faint colour remains after shaking ; or excess of thio- 
cyanate is at once added, the liquid well shaken, and the thiocyanate in excess 
titrated by silver solution, which should be added either until a faint brown colour 
remains, or else in slight excess, the excess being then titrated back by thiocyanate. 
The latter method is the more rapid, but the two give almost identical results. 

Detection and Estimatmi of the Halogens when Thiocyanates are 'present . — To 
detect and separate the halogens, the thiocyanates must first be destroyed. To effect 
this, when a chloride is present, the precipitate obtained by excess of silver nitrate in 
the solution acidulated with nitric acid is filtered off, well-drained, and heated, 
together with the filter, with sulphuric acid diluted with half its volume of water, 
until the precipitate imites into black masses ; a few drops of nitric acid are then 
added, and the heating continued. On diluting with water, all the chlorine remains 
as undissolved silver chloride, whilst the silver thiocyanate has been completely de- 
composed. Another plan is to dissolve 2 or 3 grams of the thiocyanate in 400 or 500 
c.c. of water and heat on the w'ater-bath, with occasional addition of nitric acid in 
small quantity as long as it produces any further reaction : the mixture is then 
further heated, the water lost by evaporation being replaced, until a drop no longer 
gives the thiocyanate reaction with a ferric solution decolorised by nitric acid. The 
liquid made alkaline with ammonia is evaporated to two-thirds of its bulk on the water- 
bath, and is then ready for precipitation by silver solution. By proceeding in this 
manner the thiocyanate is entirely destroyed, without loss of chlorine. If only a trace 
of cWoride has to be detected, it is better to warm with nitric acid in a less dilute 
condition unfil evolution of gas ceases, add excess of sodium carbonate, evaporate to 
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^yness, ignite the residue, take up with warm water, and test with silver nitrate, 
after adding excess of nitric acid. The methods above described are inapplicable 
when bromine or iodine is present, as they would cause loss of these halogens. The 
silver precipitate may then be digested in a sealed tube with nitric acid for three or 
four hours at 160°, and the liquid diluted with water; or^the substance may be fused 
with potassium nitrate and sodium carbonate, a large excess of the latter being used 
to avoid explosion' The latter method is better modified by mixing the substance 
with sodium carbonate, both being perfectly dry, and gradually dropping the mixture 
into fused potassium nitrate. *■ 

Se'paration of^ Chloride and Iodide . — If a mixture of silver chloride and silver 
iodide is mixed with ammonia in excess and sufficient ammonium .^hiocyanate, and 
digested at ordinary temperatures for an hour, the chloride is completely decomposed, 
the iodide remaining quite unaltered. On acidifying with nitric acid and washing the 
precipitate, the chloride will be contained entirely in the filtrate together with thio- 
cyanate; the iodide will remain as insoluble silver iodide mixed with silver thio- 
cyanate. After destroying the thiocyanate in the filtrate and precipitate respectively 
by the methods above given, the chloride may be titrated by the thiocyanate process, 
and the iodide -weighed. 

Estimation of the Halogens in Organic Cora'pounds . — The thiocyanate method is 
remarkably well suited to the estimation of halogens in organic substances, the 
organic matter being previously destroyed and the halogen brought into the form of 
an inorganic compound by either of the ordinary methods,* provided no loss of the 
halogen is incurred. Combustion with lime free from halogens is quite trustworthy ; 
but Volhard prefers mixing the substance with forty times its weight of a mixture 
of 'sodium carbonate with twice its weight of potassium nitrate, and burning in a 
covered crucible, or in an inclined combustion tube, according to the nature of the 
substance. These salts are chosen as being easily obtained free from halogens. In 
the case of very volatile substances, a layer of potassium nitrate is placed above the 
mixture containing the substance, and is fused before heating the mixture. 

Another method of estimating the halogen elements inorganic compounds, is given 
by E. Xopp {Ecut. Chem. Ccs. Bcr. viii. 769). The substance mixed with pure/emh 
oxide is introduced into a combustion-tube about 60 cm. long and 5 to 6 mm. in 
diameter, so as to form a loose layer from 12 to IS cm. long; above this are placed 
several coils of fine pianoforte wire, and the rest of the tube is filled with dehydrated 
sodium carbonate. The part of the tube containing the iron wire is then heated to 
redness, and the heating is gradually extended to the closed end of the tube. By 
this treatment, the organic substance mixed with the ferric oxide is completely de- 
composed, and the halogens are retained in the form of iron-compounds having but 
little volatility. The tube is then left to cool, cleaned on the outside, and cut into 
fragments on a sheet of paper ; the fragments are boiled with distilled water ; the 
filtered liquid is acidulated with nitric acid ; and the halogen-element contained in it 
is precipitated with silver nitrate in the usual way. This mode of treating the con- 
tents of the tube is apt however to be attended with loss, partly from the flying off of 
small glass splinters, and partly from the deliquescence of some of the halogen salts, 
in consequence of which they are absorbed by the paper. To obviate these sources 
of error, Klobukowski {Ber. x. 290) modifies the latter part of the manipulation by 
removing the tube from the furnace while it is still hot (but no longer red-hot), wiping 
it rapidly with a dry cloth, closing it with the finger, and plunging it into a tall 
beaker one-fifth full of distilled water, whereby the hot part of the tube is broken 
into small fragments. The cold part containing sodium carbonate is then washed 
out with distilled water ; the contents of the beaker, together with the washings, are 
heated in the water-bath for 30 or 40 minutes ; the liquid is filtered ; the residue 
washed with hot water ; and the solution of sodium chloride, bromide, or iodide thus 
obtained is precipitated with silver nitrate. 

HASCHZSC2Z. This substance, obtained from Indian hemp {Cannabis indica), 
has been examined by Preobraschensky {Btiss. Zeitschr. Fkarm, 1876, 705), who has 
obtained from it, together with resinous substances, a volatile base which in external 
appearance and the properties of its salts bears a strong resemblance to nicotine. 
The same base is obtained by distilling the herb with water. 

HATCKXSTTOXiXTB. See Nioeates. 

* Carius’s method of heating the organic substance with nitric acid in a sealed tube, modified bj' 
addition of a loioWn quantity of silver nitrate, does not give good results, as the violent escape of gas 
wliich takes place on opening the tube is apt to occasion loss of liquid ; and moreover tlie silver pre- 
cipitate, at tbe high temperature of the reaction, is b’*nii"bt into a ver;^ dense state, which renders the 
washing out of the excess of silver nitrate a matter rf great flifficuky. A further objection to the 
process is that it affords no means of ascertaining when the decompo^tion is complete. 
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HAirsnsr. A microchemical reaction of minerals belonging to the hauyn familjs 
has been observed by A. Knop {Jahrh.f. Mm. 1875, 74). When a thin section of a ^ 
rock in which these minerals are present is heated for a few minutes in a platinum 
crucible with flowers of sulphur, the cross sections of hauyn and nosean exhibit a 
fine sky-blue colour. Whether this reaction is likewise exhibited by sodalite has not 
yet been ascertained, but it*do6S not occur with the felspars, or with nephelin, leueite, 
apatite, or natrolite. 

HBAT. Theemometbt and Caloehmetey. Zero-^oint of Thermometers . — For 
the determination of this point of the scale, C. Tellier {Compt. rend. Ixxv. 572) 
recommends the Immersion of the thermometer in water which has been cooled down, 
without solidifying, to a few degrees below 0°, and then made to freeze by agitation, 
or by the introduction of a fragment of ice, as the water is thereby brought back 
exactly to 0°, whereas water obtained by the melting of ice may have a temperature 
somewhat higher than the ice itself. B. F. Craig, on the other hand (American 
Chemist, 1875, iii. 325), objects to this method on the ground that the true zero-point 
is not the freezing point of water, but the melting point of ice ; and this may be 
determined by plunging the instrument into melting snow, taking care that no water 
collects round the bulb. The excess of temperature sometimes indicated by thermo- 
meters is, for ohe most part, due, not to an originally incorrect determination of the 
zero-point, but to a contraction of the bulb which takes place in course of time. 

T. M. Morgan (Chem. News, xxix. Ill) observed that a thermometer which had 
been used for several days in distillations, and completely immersed in the vapour, 
showed temperatures 3° too low, in consequence of evaporation and precipitation of a 
portion of the mercury on the upper part of the tube ; but by allowing the mercury to 
run down to the end of the tube, the condensed portion was re-collected, and the 
instrument then gave correct indications. In Geissler’s thermometers a small 
quantity of hydrogen is enclosed, in order to prevent the volatiBsation of the 
mercury. 

On the determination of the Freezing and Boiling Points, see also Wiebe, as 
reported by Lowenherz (Ber. 1877, 469-474, 647 ; Jahresb.f. Chem. 1877, 91). 

Differential Thermometer s.—h. Pfaundler (Wien. Acad. Der. [2te Abth.], 
Ixxii., Dec. Heft.) explains the theory of the modified forms of Berthelot’s differential 
air-thermometer (IszS 8uppl. 663), which he introduced some years ago, in order to 
eliminate the influence of barometric changes on the indications of the instrument. 
The parts common to the several forms are as follows : In the space whose tempera- 
ture is to be determined, is a glass vessel 7, communicating by means of a vortical 
capillary pressure-gauge with a second vessel V', whose temperature is known and 
is kept constant. At 0®, the vessels V and V contain portions of air having a definite 
ratio of pressure. As long as this state of things is maintained, and the temperature 
in Y' remains constant, the temperature to be measured is determined solely by 
the difference of height h of the two columns of iuercui*y. This being known, it is easy 
to deduce a general formula applicable to all thermometers of this kind, the individual 
forms of which are included in it as special cases. 

Let t he the unknowm ordinary temperature of the vessel V. 

T „ absolute „ „ V. 

t' the known ordinary temperature of the vessel Vb 
T' „ absolute „ „ Vb 

P the gas-pressure at 0° in the vessel V (in millimeters). 

F „ „ V' 

h the observed difference of height, at of the two mercury columns. 


The sign of h is to be considered positive when the pressure of the mercury-column 
is directed on the air in Y. 

We have then P(1 4- oT) = P'(l + at') + h : whence, in centigrade temperatures, 


t 




i( 


F 

P 


■) 


or, more simply, in absolute temperatures, 


T 




F 1 1/P^ \ 

Since ^ and - ( -5- 1 ) are magnitudes which remain constant so long as 

P ’ aP’ a\P J 

the filling of the instrument does not vary, it is clear that the absolute temperature 
to he measured is the sum of two quantities, one of which is proportional to the 
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^absolute temperatura of the space T, the other to the difference of height The 
preceding formula sho'ws that in all cases the delicacy of the instrument, i.e, the 
^ .increase of h for a rise of temperature of 1°, depends alone on P, and therefore on a 
quantity quite within the control of the instrument-maker. Pfaundler’s paper contains 
a full description of the several constructions, and gives the proportions of filling for 
P = F, P<P', P>P', and P = 0. 

Pyeometebs. Smnens's Electrical Eyrometer depends for its action on the 
regular increase of electric resistance in a metallic conductor, produced by rise of 
temperature. It consists essentially of a platinum spiral, duly protected, and so 
arranged that; its resistance to an electric current can be measured while it is exposed 
to the temperature to be estimated {JDlnyl. pol. J, ccix. 419). 

Prom experiments conducted by a Committee of the British (jlssociation, and 
reported by Gr. 0. Poster, these pyrometers, after once or twice heating, exhibit an 
increase of resistance, but afterwards do not appear to undergo further alteration 
{Che^n. News, xxviii. 173). Prom further experiments conducted by Poster, however, 
it appears that when the platinum spiral is protected by an iron tube, the instrument 
does not give constant results, on account of the great increase of resistance produced 
by heating. If, on the other hand, the use of iron be avoided, the indications of the 
instrument are sufficiently exact for most industrial applications. A description, 
with drawings, of the electric pyrometer is given by Siemens {Bingl. ^ol. J. ccxvii. 
291-297). 

An air-'pyro'meter, provided with a condensed air pressure-gauge, is described by 
Gr. Codaz 2 :a {JDingl. fol. J. ccx. 255). 

A calorimetric pyrometer, for the measurement of high temperatures, is described 
by J. Salleron {Monit, Scient. [3], hi. 841 ; News, xxviii. 77). A cylinder of 

copper or platinum, surrounded by an envelope of the same metal to diminish the 
loss of heat by conduction or radiation, is raised to the temperature to be determined, 
and then quickly plunged into the water of a calorimeter. The temperature of the 
water is then noted, and the temperature to be determined is calculated from it by 
known methods. 

An acoustic ^yro7Mter, for measuring changes of temperature hy the alterations 
thence resulting in the number of wave-lengths of the air in tubes, is described by 
A. M. Meyer (Pogg, cxlviii. 287 ; Phil Mag. [4], xlv. 18). 

A modification of Bunsen’s ice-calorimeter ( 27 id JSuppl 595), in which 
common ice can be used instead of pure snow, and the observations are made with 
greater facility, is described by Sehilller a. Wartha {Per. viii. 1011). 

Eerthelot (Ami. Chim. Phys. [5], x. 168, 391, 447-458) describes a number of 
calorimetric instruments for measuring the quantities of heat given out in the absorp- 
tion of gases by liquids ; also an apparatus for determining the specific heat of liquids 
[ibid. xii. 559). 

Specific Heat. 

a. Of Solids. — (1). Carbon, Boron, and Silicon.— H. F. Weber has continued 
his researches on the specific heat of carbon at different temperatures {27id Suppl 
696), and has made similar observations on the specific heats of boron and silicon 
Ijahresb.f. Cheoii, 1874, 64). 

The following table exhibits the true specific heats 7 t of these elements, deduced 
from the mean results of the several groups of experiments, together with a comparison 
of the mean heat-capacities Cp-t of laminar graphite and amorphous charcoal : 


Diamond 

Graphite 

Crystallised Boron 

Crystallised Silicon 

7-50-5 

= 0’0635 

7-50-3 

= 0-1138 

7-39-6 ~ 

0-1915 

7-‘39-8 = 0'1360 

7-10-g 

0-0955 

7-10-7 

0*1437 

726-6 

0-2382 

721-6 0-1697 

710-7 

0*1128 

710-8 

0*1604 

776-7 

0-2737 

757-1 0-1833 

733-4 

0-1318 

761-3 

0*1990 

7125-8 

0-3069 

786-0 0'1901 

758*3 

0-1532 

7138*5 

0*2542 

7177-2 

0-3378 

7128-7 0-1964 

785-.5 

0-1765 

7201*6 

0*2966 

7233*2 

0-3663 

7184-3 0-20 1 1 

7140-0 

0-2218 

7249*3 

0*3250 



7232-4 0-2029 

7206-1 

0-2733 






7247-6 

0*3026 






7606*7 

0*4408 






7806*5 

0-4489 






7985-0 

0-4589 







Laminar Graphite 

Dense amorphous 

Porous 'Wood-charcoal 




charcoal 




Co-21-6 — 

0-1605 



O0-23-5 

= 0*1653 


Co-99-o — 

0-1904 

Co-H()-9 

= 0*1906 

Co-99-2 

= 0*1935 


Co-225-3 - 

0-2350 

Co-225*8 

= (1*2340 

O0-223-6 

= 0*2385 
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The facts and general points of view established by the experimental results abo¥e 
recorded, may be arranged in the following groups : 

(1) . The specific heats of the isolated elements, carbon, boron, and silicon, vary to 
an eWaordinary amount with change of temperature. From the lowest attainable 
temperatures, the specific heats of these elements increase regularly as the temperature 
rises, till, from a certain* temperature upwards, they remain nearly constant. For 
carbon, this temperature is near 600°, for silicon about 200°. For a rise of tempera- 
ture from — 50° to 600°, the specific heat of carbon increases to seven times, and that 
of boron to 2 '5 times its value at the lower temperature. The specific heats of the 
elementary bodies are indeed, for the most part, not constant quantities, but are 
influenced by the physical state of the elements as much as by their chemical nature. 
The assumptio 1 hitherto made by physicists that the influence of temperature on the 
specific heat of the elements is quite insignificant, and easily explicable by the altera- 
tions of molecular structure produced by heat, and that, in regard to the fundamental 
law relating to the specific heats of the elements, it may be completely neglected, 
must, for the future, be regarded as untenable. 

(2) . The final and nearly constant values which the specific heats of carbon, boron, 
and silicon attain with increasing temperature are, in round numbers, 0*46 for C, O’oO 
for B, and 0*^05 for Si. The products of these numbers into the atomic weights of 
the three elements deduced from vapour-density determinations, are 5-5, 5'6, and 5*8, 
numbers which approach nearly to the atomic heats of the metals and of the other 
solid non-metallic bodies (aluminium 57, sulphur 5*5). Carbon, boron, and silicon 
enter therefore at certain temperatures into the range of the Dulong-Petit law, and 
conform to it at all higher temperatures. This law of the specific heats of the solid 
elements may now therefore be regarded as universal. The usual mode of stating it 
requires, however, to be somewhat altered, perhaps as follows : 

The specific heats of the solid dements mry with the tem^evattcre ; and for each 
element there is in the scale of temperature a certain point t°, ahom which the variation 
of the specific heat with increasing temperature becomes guite insignificant, — The 
product of the atomic weight into that value of the specific heat which holds good 
for temperatures above yields, for all the solid elements, a nearly constant value 
comprised between the limits 5*5 and 6’5. The smallest quantities of the elements 
carbon, boron, and silicon, hitherto found to enter into the molecules of their gaseous 
compounds, viz. 12, 11, and 28, are not multiples of the atomic weights of these 
elements, but the true atomic weights themselves. 

(3) . All the opaque modifications of carbon (the graphitic, dense and porous forms) 
exhibit the same specific heat ; the opposite assumption hitherto admitted rests on 
defective investigations. Below red heat there exist in a thermic point of view, only 
two allotropic modifications of carbon, the transparent and the opaque. The specific 
heats of these two modifications differ the more widely as the temperature is lower, 
and as the temperature rises they steadily approach one another, till at 600° and 
above they become equal. From red heat upwards, there are, so far as specific heat 
is concerned, no allotropic modifications of carbon ; from the point of the temperature- 
scale at which the optical difference between the two modifications of carbon vanishes, 
the thermic difference likewise disappears. 

Mixter a. E. S. Dana {Liebig’s Annaleii, clxix. 388), by means of Bunsen’s ice- 
calorimeter, find, for the specific heat of boron, the number 0‘2ol8; of silicon 
0*1710 ; of zirconium 0*6660 [at what temperatures ?] 

Schuller a. Wartha, by means of their ice-calorimeter (p. 925), have found the 
specific heat of distilled zinc =0*09393 ; that of artificial titanic anhydride 
= 0*1785 and 0*1779, and that of native rut’ile =0*1737. 

On the specific heats of Cerium, Lanthanum, and Lidymium, see p. 418 ; of 
Qludnum, p. 868. 

2. Of Alloys. — The specific heats and expansions of several fusible alloys have 
been determined by W. Spring {Ann. Chim. Phys. [5], vii. 178-228), with the follow- 
ing results. The specific gravities are reduced to the vacuum and to 4° ; the volumes 
to 0°. 
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Eose’s Alloy. 


Bi «= 48-9 ; Sn = 23-6 ; Pb = 27*6 per cent.— Sp. gr. = 9*5125. 


Temperature 

Volume 

Specific Heat 

29*0'" 

1*00682 

0*0474 

38*5° 

1*01295 

0*0562 

68*2° 

1*00700 

0*0545 

100*0° 

1*04500 

0*0881 


B’Arcet’s Alloy. 


Bi = 49*2 ; Sn = 

21*2 ; Pb = 27*6 per cent.— Sp. 

gr. = 9*6401 

Temperature 

Volume 

Specific Heat 

29*0° 

1*01485 

0*0621 

35*0° 

1*01825 

— 

41*5° 

1*01600 

0*0528 

66*5° 

1*02493 

0*0650 

101*3° 

1*09980 

0*89011 


Lipowitz’ Alloy. 

26*9 ; Cd == 10'4 per cent. — Sp. gr. — 9*7244. 

Volume Specific Heat 

1*03210 0*0634 

1*00115 0*0544 

1*05042 0*0625 

Wood’s Alloy, 

Bi = 55*7; Sn = 13*7; Pb - 13*7; Cd = 16*8 per cent. — Sp.gr. = 9*1106. 

Temperature Volume Specific Heat 

53*25° 1*00265 0*0575 

93*0° 1*03735 0*0918 

These numbers show that the alterations of specific heat in the alloys mentioned 
follow the alterations of volume produced by heat, independently of the temperature. 

i3. Specific Heat of Xiiquids. 1. Of Mercury. Accordingto A. Winkelmann, 
T^ogg. Ann, (clix. 152-165), the specific heat of mercury diminishes with rise of tem- 
perature. Between 49*6® and 19*7° it is 0*03312, and between 142*2° and 25*5° it 
is 0*03278. Calculating from these numbers the values of the constants in the 
formula, 0=0 +^ 2 ^, we find 0 =0*03336; «= —0*0000069. 

2. Of Water. J. Bosscha {Fogg. Ann. 1874 ; JnheJhd. 549-557) has endeavoured, 
by means of his own observations on the expansion of mercury {Fogg. Ann. ErganM. 
V. 276; Jahresb f. Chem. 1869, 82, 83) and the detailed account of Eegnault’s 
observations, to eliminate from the experiments of the latter on the specific heat 
of water (iii. 34), the errors which he supposes to have arisen from uncertainties 
in the temperature-determinations on which the results were founded. The follow- 
ing table exhibits a comparison. of Eegnault’s values with Bosscha’s corrected values, 
and likewise those calculated from the formula; 

0 = 1 + 8 -is) 

in which, as a mean calculated from forty of Eegnault’s observations, S = 00022, 


Limits of 

Mean Sp. Heat 
according to 

Corrected 

Calculated 
from tlie 


Temperature 

Eegnault 

Sp. Heat 

formula 

Difference 

110°-20° 

1*0054 

1*0112 

1*0103 

+ 0*0009 

119°-23° 

1*0063 

1*0123 

1*0117 

+ 0*0005 

134°-25° 

1*0068 

1*0126 

1*0137 

-0*0011 

l57°-26° 

1*0085 

1*0148 

1*0163 

-0*0015 

1730 - 24 ® 

1*0114 

1*0176 

1*0179 

-0*0002 

188®-29° 

1*0157 

1*0215 

1*0200 

- *0015 


These numbers show that the formula, c = 1 0*00022 18°), represents the 

observations as nearly as can be expected from these experiments. If it be assumed 


Bi = 50*0; Sn = 12*8; Pb = 

Temperatiu-e 

28*0° 

60*0° 

90*5° 
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tliafc the specific heat of water in the neighhonrhood of the freezing point Varies 
according to the same law as at other temperatures, the preceding formula may he 
replaced, with sufficient exactness, hy e = 0’00022^, in which the specific heat of 'water 
at 0° is taken as tmity. 

3. Of Saline Solutions. Elaborate experiments on the specific heat of saline 
solutions have been %iade by C. Marignac (Ann. Ckim. Phys. [5], viii. 410), in 
continuation of those abeady reported (2nd 601). The results are given in 

the following table : 


Chlorides, Bromides, Iodides 




Specific Heat 

Molecular Heat 


Foiimila 

Mol. wt. 














Temp. 



50 Aq. 

100 Aq. 

200 Aq. 

50 Aq. 

100 Aq. 

200 Aq. 

. 

72*9 

0-8787 

0-9336 

0-9650 

855 

1749 

3544 

20-24^ 

K^CP . 

149*2 

(0-8312 

0-9032 

0-9483 

872 

1760 

3555 

17-22 

i 0-8344 

0-9055 

0*9490 

876 

1765 

3558 

20-51 

K^Br^ ; 

288-2 

0-7691 

0-8643 

0-9250 

875 

1762 

3550 

20-51 


332 

0-7153 

0-8301 

0-9063 

881 

1770 

3563 

20-51 

Na2CI2 . 

117 

(0-8760 

0-9280 

0-9596 

891 

1779 

3566 

10-20 

i 0-8779 

0-9304 

0*9623 

893 

1783 

3577 

22-62 

Na-Br- . 

206 

0-8092 

0-8864 

0-9388 

895 

1778 

3573 

20-52 


300 

0-7490 

0-8499 

0-9174 

899 

1785 

3578 

20-51 

wmoi- . 

106-9 

0-8850 

0-9382 

0-9670 

891 

1789 

3585 

20-52 

CaOP . 

110-9 

^ 0-8510 

J 0-8510 

0-9154 

0-9174 

0-9554 

0-9550 

860 

860 

1749 

1753 

3546 

3544 

20- 25 

21- 51 

SrCP . 

158-4 

(0-8143 

0-8942 

0-9430 

862 

1751 

3544 

21-26 

i 0-8165 

0-8950 

0-9424 

864 

1753 

3542 

19-51 

BaCP . 

208 

] 0*7799 
} 0*7805 

0-8751 

0-8762 

0-9319 

0-9325 

864 

865 

1767 

1759 

3549 

3551 

22-27 

21-52 

MgCP . 

95-4 

(0-8607 

0-9245 

0-9581 

857 

1752 

3540 

18-23 

J 0-8665 

0-9235 

0-9594 

862 

1750 

3547 

22-52 

MnCP . 

125-9 

0-8510 

0-9154 

0*9526 

873 

1763 

3549 

19-52 

NiGP . 

130 

0-8310 

0*9017 

0-9541 

856 

1740 

3525 

24-55 

CuCP . 

134-2 

0*8642 

0-9200 

0-9563 

894 

1778 

3571 

19-51 

ZnOP . 

136-3 

0-8842 

0-9330 

0-9590 

916 

1807 

3583 

19-51 



10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 


n^h^ci- . 

106*9 





0-8134 





453 

20-52° 

CaCP . 

110*9 

0-6176 

0-6741 

0*7638 

179*6 

256-7 

422*8 

21-51 

MgCP . 

95-4 

— 

0-68-24 

0-7716 

— 

249*4 

421 

22-52 

NiCP . 

130 

— 

— 

0-7351 

— 

— 

426-4 

24-55 

CuCP . 

134-2 

0-6241 

— 

0-7790 

196*1 

— 

455 

19-51 

ZnCP . 

136-3 

0-6212 

0-7042 

0*7960 

196*5 

286*1 

466-7 

19-51 




Nitrates. 







60 Aq. 

100 Aq. 

200 Aq. 

50 Aq. 

100 Aq. 

200 Aq. 



126 

0*8752 

0-9273 

0-9618 

898 

1786 

3584 

21-52° 


202-4 

C 0-8320 

0-9005 

0-9430 

917 i 

1803 

3586 

18-23 

) 0*8335 

0-9028 

0-9475 

919 i 

1808 

3603 

22-52 

Na^O.N^O^ . 

170-2 

(0-8692 

0-9220 

0*9545 

930 

1816 

3599 

: 18-23 

{0-8712 

0-9220 

0-9576 

932 

1816 

3610 

22-52 


160 

0*8797 

0-9293 

0-9610 

932 

1821 

3614 

20-52 

Ag-O.N^O^ 

340 

0-7505 

0-8491 

0-9131 

931 

1817 

3598 

25-52 

CaO.N^O^ 

164 

(0*8471 

0-9116 

0*9511 

901 

1790 

3580 * 

20-25 

jo-8463 

0-9110 

0*9510 

900 

1789 

3580 ' 

21-51 

SrO.N^Os 

211*5 

( ~ 

0-8903 

0-9400 

— 

1791 

3583 

21-26 

jo-8169 

0-8905 

0*9392 

908 

1791 

3580 

19-51 

BaO.NSQs 

261 

j z 

— 

0*9304 

0*9294 

— 

— 

3592 

3588 

21-26 

19-51 

PbO.N^os 

331 

(0*7507 

0-8510 

0*9162 

924 

1813 

3602 

21-26 

{0*7500 

0-8507 

0*9173 

923 

■1813 

3606 

18-51 

MgO.N^Qs . 

148-6 

(0-8501 

0*9133 

0*9e546 

891 

1780 

3578 

17-22 

{0-8517 

0-9145 

0*9537 

893 

1782 

3575 

21-52 


Zrd Su;p. 3 P 
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Mtmtes. — Continued. 
Specific Heat 


Molecular Heat 


Formula 

Mol. wt. 

^ 60 Aq. 

100 Aq. ' 

200 Aq. ^ 

50 Aq. 

L‘^0 Aq. 

o 

o 

Temp. 

Mn0,N=0^ 


179 

0*8320 

0*9027 

0*9473 

898 

1786 

3580 

19-51° 

NiO.N-0^ 


183 

0*8228 

0*8949 

0*9409 

891 

1772 

35-39 

24-55 

Cn0.N20- 


187-2 

0*8256 

0*8992 

0*9475 

898 

1788 

3588 

18-50 

Zn0.N‘-05 


189*4 

0*8234 

0*8990 

0*9461 

897 

1789 

3£|8o 

20-52 




10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 




126 

0*7212 

— 

0*8043 

220*7 

— 

463*3 

21-52 



170*2 

— 

0*7299 

0*7946 

— 

321 

492*6 

22-52 



160 

0*6942 

0*7437 

0*8090 

236 

319*8 

493*5 

20-52 

Ca0.N205 


164 

0*6255 

0*6856 

0*7597 

215*2 

297*5 

466*5 

21-51 

MgO.N^Qs 


148*6 



0*6777 

0*7568 

— 

283*7 

453f 

21-52 

Ni0.N205 


183 

— 

— 

0*7171 

— 

— 

454 

24-55 

ZnO.N^O^ 

.■ 

189*4 

0*5906 

0*6410 

0*7176 

218*2 

294*5 

459 

20-52 

H^O.N^Os 

+ 

5 Aq. ; 

Sp. Heat 0*6551 ; 

Molec. Heat 

141*5 



+ 

5 Aq. ; 


„ 0*6102 



152*5 






Sulphates. 







] 

50 Aq. 

100 Aq. 

200 Aq. 

60 Aq. 

100 Aq. 

200 Aq. 


H^O.SO" . 

, 

98 

0*9155 

0*9545 

0*9747 

914 

1812 

3604 

16-20° 

K^O.SO^ . 


174*2 

f — 

0*8965 

0*9434 

— 

1770 

3560 

18-23 


j — 

0*9020 

09463 

— 

1781 

3571 

19-52 

Na^O-SO^ 


142 

$0*8753 

0*9250 

0-9576 

912 

1796 

3583 

19-24 


J 0*8784 

0*9270 

0*9596 

915 

1800 

3591 

21-52 

N2H80.S0=* 


132 

0*8789 

0*9330 

0*9633 

907 

1802 

3595 

19-51 

Mg0.S03 


120-5 

$0*8654 

0*9225 

0*9547 

883 

1772 

3552 

19-24 


J 0*8690 

0*9230 

0*9550 

887 

1773 

3553 

22-52 

MnO.SO^ 


151 

0*8440 

0*9125 

0*9529 

887 

1780 

3574 

19-51 

Ni0.S03 . 


155 

0*8371 

0*9102 

0*9510 

883 

1779 

3571 

25-56 

CIlO.SO^ 


159*3 

$0*8411 

0*9084 

0*9503 

891 

1780 

3572 

18-23 


1 0*8520 

0*9148 

0*9528 

902 

1792 

3582 

22-53 

ZnO.SO^ . 


161*4 

8420 

0*9106 

0*9523 

894 

1786 

3582 

20-52 

eo.so^ . 


105*3 

0*9009 

0*9457 

0*9703 

906 

1802 

3595 

21-52 

AlfO.SO^ 


114*3 

0*9041 

0*9465 

0*9722 

917 

1812 

3611 

21-53 




10 Aq. 

16 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 


Na^O.SO^ 


142 





0*8191 





485 

21-52“= 

N^ffO.SO'' 


132 

— 

0*7385 

0*8030 

— 

297 

467*3 

19-51 

G0.S03 . 


105*3 

— 

— 

0*8285 

— 

— 

460 

21-52 

A1§0,S0^ 


114*3 

— 

— 

0*8400 

— 


474 

21-53 


Chromates. 




50 Aq. 

100 Aq. j 

200 Aq. 

50 Aq. : 

100 Aq. 

200 Aq. 


H20.Cr0® 

118*5 

0*8962 

0*9419 

0*9698 

913 

1807 

3606 

21-53' 

K^O.CrO^ 

194*8 

0*8105 

0*8896 I 

0*9407 

887 

1775 

3570 

20-51 

Na^O.CrO^ . 

162*6 

0*8560 

0*9134 

0*9511 

909 

1793 

3579 

21-52 

N^H^O.CrO* . 

152*5 

0*8767 1 

0*9304 : 

0*9630 

923 

1817 

3613 

22-53 



10 Aq. 

15 Aq. i 

25 Aq. 

10 Aq. 

15 Aq, 

25 Aq. 


H^O.CrO^* 

118*5 

0*6964 i 



0*8251 

207*9 



469 

21-53' 

Na^O.CrO^ , 

162*6 

— 

— j 

0*7810 

! — 



478*4 

21-52 

H2H«O.CrO» . 

152*5 

-*" 1 

1 ~ 1 

0*7967 

— 


480 

21-52 
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Phos;phates, Arsenates, Pi/rophos;phates, Meta^hosjjhates. 


• 



Specific Heat 

Molecular Heat 


Formula 

:\roi. wt. 

ft 








^ 50 Aq. 

100 Aq. 

200 Aq. ' 

^50 Aq. 

100 Aq. 

200 Aq! 

Temp. 

oo 

6 

120 

0-9070 

0-9499 

0-9704 

925 

1823 

3610 

24-55° 


164 

0-8707 

0-9264 

0-9595 

926 

1819 

3611 

26-57 


142 

— 

0-9345 

0-9617 

— 

1815 

3598 

23-54 

.HP-0^2Na20) . 

186 

0-8550 

0-9112 

0-9500 

928 

1809 

3596 

25-56 

133 

— 

0-9375 

0-9666 

— . 

1812 

3608 

24-55 


102 

0-9129 

0-9525 

0-9761 

914 

1811 

3613 

24-65 



10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 



120 

— 

— 

0-8444 

— 

— 

481-3 

24-56 


164 


— 

0-7884 

— 

__ 

484 

26-57 

^P-OMSfa^O) " . 

102 

— 

— 

0-8495 

— 

— 

469 

24-55 


Acetates. 







50 Aq. 

100 Aq. 

200 Aq. 

50 Aq. 

100 Aq. 

200 Aq. 



120 

0-9568 

0-9769 

0'9874 

976 

1875 

3673 

21-52 

K^O.C^H^O^ 

196-3 

0-8572 

0-9170 

0-9550 

940 

1831 

3625 

20-51 

Ka^O.C-^H^O^ . 

164 

(0-9026 

0-9414 

0-9644 

960 

1849 

3630 

20-25 

} 0-9037 

0-9430 

0-9687 

962 

1852 

3646 

19-52 

CaO.C^H^O^ 

158 

(0-8914 

0-9362 

0-9670 

943 

1833 

3634 

20-25 

1 0-8959 

0-9392 

0-9663 

948 

1839 

3631 

22-52 

SrO.C^H^O^ 

205-5 

0-8505 

0-9127 

0-9513 

940 

1830 

3620 

20-52 

BaO.C<H'0= 

255 

0-8166 

0-8911 

0-9396 

943 

1831 

3622 

19-52 

PbO.C^H^O^ 

325 

(0-7925 

0-8797 

0-9322 

971 

1869 

3659 

21-26 

1 0-7939 

0-8808 

0-9327 

973 

1872 

3661 

18-51 

MgO.G^H^Qs . 

142-6 

0-9055 

0-9473 

0-9712 

944 

1840 

3635 

21-52 

MnO.C^H«0« . 

173 

0-8937 

0-9371 

0-9666 

959 

1849 

3647 

19-52 

NiO.C^H^Os 

177 

0-8943 

0-9366 

0-9653 

963 

1852 

3646 

25-56 

Zn0.0-‘Hfi03 

183-4 

0-9138 

0-9538 

0-9730 

990 

1892 

3681 

19-51 



5 Aq. 

10 Aq. 

25 Aq. 

6Aq. 

10 Aq. 

25 Aq. 


H^O.O^H^O® 

120 

0-7320 

0-8220 

0-9157 

153-7 

246-6 

522 

21-52 

K20.C^H«0« 

196-3 

— 

0-6391 

0-7728 

— 

240-5 

499-4 

20-51 

PbO.C^H«0=^ 

325 

__ 

— 

0-6824 

- 

— 

I 529 

18 -51 

ZnO.C-^HW + SO Aq.: 

sp. heat 

0-87 64 ; mol. heat 627. This solution remains 

supersaturated at ordinary temperatures, like that of lead acetate with 25 Aq. Por 

the monohydrate of acetic acid were found, sp. 

heat 0-4932 ; mol. heat 59-2. 




Carbonates. 







50 Aq. 

100 Aq, 

200 Aq. 

50 Aq. 

100 Aq. 

200 Aq. 


K^O.CO^ . 

138-3 

(0-8458 

0-9104 

0-9513 

878 

1765 

3556 

22-27 

(0-8509 

0-9157 

0-9543 

884 

1775 

3567 

21-52 

Na=O.CO- . 

106-1 

50-9037 

0-9409 

0-9675 

909 

1793 

3585 

21-26 

(0-9072 

0-9435 

0-9695 

913 

1798 

5393 

21 -52 



10 Aq. 

16 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 


K^O.CO- . 

138-3 

0-6248 

0-6831 

0-7596 

199 

279 

447 

21-62 

Na^O.OO^ . 

106-1 

— 


0-8649 

— 

— 

481 

21-52 



Oxalates. 







50 Aq. 

100 Aq. 

200 Aq. 

50 Aq. 

100 Aq. 

200 Aq. 


H^O.G^O^ . 

90 

0-9423 

0-9653 

0-9814 

933 

1824 

3621 

20-52 

K-O.G^O^ . 

166-3 

0-8389 

0-9083 

0-9504 

895 

1786 

3579 

21-52 


3p2 
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The follo\ring comparison shows in ten-millionth parts the increase of the specific 
heats of saline solutions between the ordinary temperature and about 30 degrees above. 


Substances 

50 Aq 

100 Aq 

200 Aq 

Substances 

50 Aq 

100 Aq 

200 Aq 

E^CP. 

32 

24 

7 

Ba(NOS)2 . 


— 

-10 

Ea^CP 

19 

23 

27 

Pb(N0s)2 . 

- 7 

- 3 

11 

CaOP . 

0 

20 

- 4 

Mg(NO«)2 . 

16 

12 

- 9 

SrCP . 

22 

8 

- 6 


— 

55. 

29 

BaCP. 

6 

11 

6 

Na^SO^ . 

31 

20 

20 

MgCl» 

68 

-10 

13 

MgSO^ . 

36 


3 

K'''(iiro®)2 . 

15 

23 

45 

CuSO^ 

109 

64 

25 

Na=(NO*)= . 

20 

0 

31 


9 

16 

43 

Ca(NO=)“ . 

-8 

- 6 

- 1 

Ca(C2H302)2 . 

45 

30 

~ 7 

Sr(NO“)= ■ 


- 2 

- 8 


14 

11 

5 





Mean 

21 

16 

r 

11 


So far as these numbers are within the limits of experimental error, it may be in- 
ferred from them that the specific heat of a saline solution increases for the most part 
with its temperature ; and the mean values show that this increase is greater as the 
solution is more concentrated. It must be observed, however, that these numbers 
show, not the absolute increase of the specific heat, but only the amount by which this 
increase exceeds that of the specific heat of the water, inasmuch as Marignac’s experi- 
ments give, in all cases, the specific heat of the solutions as compared with that of 
water between the same limits of temperature. 

The observations above recorded show unmistakably a certain degree of parallelism 
between the several series of salts. The bases for the most part range themselves in 
the same series, although to this rule there are numerous exceptions. For the greater 
number of salts, the experiments show that the specific heat of a saline solution is 
much less than the sum of the specific heats of its constituents, that is to say the salt 
and the water. This, however, is by no means a universal rule, for most of the ace- 
tates exhibit the contrary relation, especially those of zinc, lead and nickel ; solutions 
of acetic acid exhibit a similar departure from the rule. 

Specific Heat of Mixed Saline The following experiments by Marignac 

show that the differences between the molecular heats of solutions of mixed salts, and 
those of their constituents, are very small, and do not exceed the limits of experi- 
mental error : 


Na^Cl^ 

Na^SO^ 

Na^CP 

Na^SO^ 

K^CP 

K^CP 

Na^CP 

K^CP 

Na^CP 

K^CP 

Ka^CP 

K^CP 

Km* 

MgSO' 

MgSO^ 

^12(80^)=^ 

Al%BOy 


Single Solutions 

Sum 

Mixed Solutions j 

Molecular Heat 

Sp. Heat 

Mol. Heat 

Temp. 

+ 50 Aq 

50 Aq 

893? 

915! 

1808 

0*8810 

1814 

20°-50° 

100 Aq 
100 Aq 

1783) 

1800! 

3583 

0*9300 

3589 

}j 

100 Aq 
100 Aq 

1760) 

1770) 

3530 

0*8994 

3530 

17-22 

200 Aq 
200 Aq 

3555) 

3560! 

7115 

0*9443 

7104 

JJ 

60 Aq 

60 Aq 

893) 

876! 

1769 

0*8560 

1769 

21-53 

100 Aq 
100 Aq 

1783) 

1765) 

3548 

0*9187 

3552 

,, 

200 Aq 
200 Aq 

3577) 

3558! 

7135 

0*9663 

7140 


100 Aq 
100 Aq 

1770) 

1772! 

3542 

0*9096 

3542 

20-25 

200 Aq 
200 Aq 

3560) 

3550! 

7112 

0*9495 

7116 

}> 

100 Aq 
300 Aq 

1770) 

5436! 

7206 

0*9344 

,7212 

24-28 

200 Aq 
600 Aq 

3560) 

10833! 

14393 

0*9667 

14420 

»5 





933 


HEAT, SPECmC, OE GASES. 


On the relations between the Specific Heat of Solutions and^Liq[iud Mixtures and 
the quantities of heat evolved or absorbed in the act of dissolution or of mixture, see 
Heat of Chemical Combination- (pp, 975-977, 980 and 993). 

7. Specific Heat of Gases. The determination of the ratio, ~ = Ic, of the 

* 

specific heat of gases at constant pressure to the specific heat at constant volume 
(iii. 40), has lately been made the subject of numerous investigations. The following 
results have been obtained by Eontgen {J^ogg. Mn. cxlviii. 580) : 

Eor air, ^ T4053 . . . Mean of 10 experiments in which the greatest devia- 

tions from the mean were + 0*0020 and — 0-0021. 
CO% 1*3052 . , Mean of 10 exp. Greatest deviations + 0*0020 and 

’ ■ -0-0028. 

„ hydrogen, T3862 . Mean of 8 exp. Greatest deviations 4-0*0045 and 

-0-0032. 


E. Wiedemann {Mn, Fhys. Chem. [2], ii. 195-21 7) has investigated the specific heats 
of vapours and their alterations according to the temperature. In the following table 
Cq denotes the specific heat at 0® under constant pressure, referred to the unit of weight ; 
2a the a.i;eration produced by one degree of temperature. For comparison, the same 
magnitudes are given for the vapour of carbon disulphide, as determined by Hegnault ; 
also the specific heats of the corresponding liquids according to Kegnault, and that of 
benzene according to Schuller {Pogg. Ann. Ergbd. v. 251) : 



Vapour 

Liquid 


Co 

a 

Co 

a 

Chloroform .... 

0-1341 

0*0000677 

0-23235 

0*000050716 

Carbon Disulphide 

0-1315 

0-0000963 

0-23523 

0-000081515 

Ethyl Bromide .... 

0-1354 

0-0001780 



Ether 

0-3725 

0-0004268 

0-52901 

0-0002958 

Acetone 

0-2984 

0-0003869 

0*5064 

0-0003965 

Acetic Ether .... 

0*2738 

0-0004350 

0*52741 

0-0005232 

, Benzene 

0*2237 

0-0005114 

0-37980 

0*0007200 


These numbers show that the greater the specific heat of any liquid at a given 
temperature, the greater also is that of its vapour. The variations in the specific 
heats of liquids and of the corresponding vapours, are of the same order of magnitude, 
and, in a series of instances, nearly equal to one another. 

In the next table, n denotes the number of atoms contained in a molecule of the 
liquids named in the first column ; d the density of the several vapours ; Go the specific 
heat under constant pressure referred to the unit of weight ; and Cy the specific 
heats at constant pressure and constant volume referred to equal volumes (spec, heat 

of air = 1) ; ^ the ratio of the two ; ~ the ratio of the energy, X, of the progressive 

motions to the total energy, H, contained in the gas ; a' the magnitude a (preceding 
table) referred to the volume?, its double value representing the alteration of the 
specific heat referred also to the volume : 



n 

d 

Co 

Cp 

Cv 

cp 

ciT 

L 

R 

a' 

Air 

2 

1 

0*2389 

1 

0*7119 

1*406 

0-607 

0-000 

Hydrogen 

2 

0*0692 

3*410 

0-9877 

0*6996 

1*411 

0-617 

0-000 

Carbon Monoxide 

2 

0*9674 

0*2426 

0*9822 

0-6941 

1*415 

0-622 

0-000 

Carbon Dioxide 

3 

1*5290 

0*1952 

1*248 

0-959 

1*300 

0-450 

0-001389 

Carbon Disulphide . 

3 

2-6325 

0*1315 

1*448 

1*160 

1-248 

0-372 

0-001061 

Nitrogen Monoxide . 

3 

1-5250 

0*1983 

1*266 

0*977 

1-294 

0-441 

0*001461 

Ammonia .... 

4 

0-5894 

0*5009 

1-236 

0-947 

1-303 

0-454 

0-007508 

Chloroform 

5 

4*192 

0-1342 

2-358 

2-070 

1-139 

0-208 

0-001176 

Ethylene .... 

6 

0*9674 

0-3364 

1-361 

1-072 

i-270 

0-403 

0-00334 

Ethyl Bromide 

8 

3*7316 

0-1354 

2-106 

1-818 

1-159 

0-237 

0 002768 

Acetone .... 

10 

2*0220 

0*2984 

2*468 

2-180 

1*132' 

0-198 

0*003274 

Benzene .... 

12 

2*6943 

0-2237 

2-523 

2-235 

1-129 

0-184 

0-004581 

Ethyl Acetate . 

14 

3*0400 

0*2619 

3-333 

3-045 

1-094 

0-141 

0*005537 

Ethyl Oxide 

15l 

2*5563 

0-3725 

3*984 

3-696 

1*078 

0-116 

0-004564 
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It fs remarkable that the variation of the specific heat a' referred to the volume 
increases, for the most part, with the number of atoms in the molecule. 

The difference between the specific heat of the same gas at constant pressure 
and at constant volume is due to the fact that when the gas is heated under constant 
pressure, and therefore allowed to expand, there is a certain amount of work employed 
in separating the particles of the gas, and a certain quantity of he'at must be expended 
in performing this work, just as if the gas were confined in a cylinder with a movable 
piston which had to be raised ; whereas, when the gas is heated under constant volume 
and therefore not allowed to expand, there is no such work to be done, and therefore 
all the heat applied is expended in raising the temperature of the gas, tha^ is to say, 
in increasing the vis viva of its molecules. Now Gausius has calcula^-ed, on the 
principles of the mechanical theory of heat, that in a perfect gas the ratic of Cp : 
should have the value 1*67. But the namhers in the preceding table show that for all 
the ordinary gases and for many vapours, the ratio, as determined by experiment, is con- 
siderably less than this, varying from 1*405 for air to T078 for ether- vapour. Hence 
it may be inferred that when these gases, all of which are diatomic, are heated under 
constant volume, part of the heat is expended in performing, not external work, hut a 
certain amount of work within the two-atom molecule. That this is the correct 
view is shown by the case of mercury-vapour, which is a monatomic ga^ and in 
which, as appears from the recent experiments of Kundt a. Warburg on the ratio 
between the lengths of the same wave of soimd in air and in mercury- vapour {Deut. 
Ohem. Gres. Ber. viii. 945), this interior work is not produced, and consequently the 
ratio : Cy is exactly that which is indicated by theory, viz. 1*67. 

If similar experiments were made on the vapour of sulphur, which at temperatures 
not far removed from its boiling point, is hexatomic, and on those of phosphorus and 
arsenic, which are tetratomic, it is probable that the ratio of the two specific heats 
would be found to he less than in the ordinary diatomic gases. 

Expansion by Heat. 

1. Of Gases. Andrews (Proc. Boy, Bog. xxiii. 514 ; xxiv. 455) infers from further 
experiments on the change of volume of carbon dioxide at different pressimes and 
temperatures that, for the ordinary gaseous state, Gay-Lussac’s law does not hold 
good either at constant pressure or at constant volume ; but that the expansion by 
heat of a body in the ordinary gaseous state, whether it be measured by the increase 
of volume under constant pressure, or by the increase of elastic force iinder constant 
volume, is not a simple function of the initial volume or of the initial elastic force, 
but a complex fimetion which changes with the temperature. 

According to Mendelejeff a. Kajander Chem. Ges. Ber. viii. 1681), the 

expansion-coefSlcient of atmospheric air under a pressure of 750-770 mm. is 
a =0*0036893; in a subsequent communication {Comyt. rend. Ixxxii. 450), the same 
authors give for the expansion-coefficient under ordinary atmosphere pressure, 
a=0*0036843. 

Troost a. Hautefeuille {Compt. rend. Ixxxiii. 333) have determined the com- 
pressibility and expansion-coefficients of certain vapours which can he mixed without 
entering into chemical combination. In the following table, the ‘ contraction ’ 
signifies the difference between the volume as found by observation, and that which 
it should he according to Boyle’s law, when the pressure is increased from 0*5 to 1 
atmosphere. 

Mean Expansion- 


Yapour 

B. P. 

Contraction 

coefl0.cient 

Silicon chloride 

89° 

at 100° 

2*07 per cent. 

at 180° 

0*455 per cent. 

from 100° 
to 125° 

0 00449 

from 126° 
to 180° 
0*00399 

Carbon tetrachloride 

78-1° 

1*38 „ 

1*867 „ 

0-00470 

0*00414 

Phosphorus trichloride . 

78° 

3 J 

1*548 „ 

0*00489 

0*00417 


Hence it appears that, for each of these vapours, the result of a density-determination 
at a given temperature must vary with the pressure, and at a given pressure with 
the temperature ; and in calculating the elastic force of a mixture of two vapours, 
of known weight, volume, and temperature, from the sum of the elastic forces of the 
separate vapours, making use of the theoretical data applicable to these vapours 
under low pressure and high temperature, numbers are obtained, the sum of which 
exceeds the total pressure found by observation. This is a circumstance which 
requires to be taken into account in the determination of the densities of vapours 
mixed with air or nitrogen gas, as in Phiyfair a. "Wanklyn’s experiments on the density 
of nitrogen tetroxide (iv. 76), and those of Wiirtz on the vapour-density of phosphorus 
pentachloride {Compt. rend. Ixxvi. 601). 
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fixpansion of Ittercary . A. ‘Wiillner (P<5y^. Ann. cliii. 440-447) has disc;issecl 
the experiments of Eegnanlt on the absolute expansion of mercury at different tem- 
peratures (iii. 56), and has calculated a new formula which represents the experimental 
results more exactly than that of Eegnault, or than the formula deduced by Bosseha 
{Fogg. Ann. Erganzu«igsband, v. 276). The mean coefficient of expansion of mercury 
for temperatures between 0*^ and 100°, calculated by Wiillner’s formula, is somewhat 
greater than that giyen by Eegnault’s formula, and for lower temperatures (0°-30°) 
Wiillner’s formula gives a value of the mean coefficient about 1 per cent, larger than 
that deduced from the formula of Eegnault, thus : 

Wiillner Eegnault 

■0-^'00° 0-00018253 0-00018153 

0°-30° 0-00018153 0-00017976 

A table of the results calculated according to the formulae of Eegnault, Bosseha, and 
Wiiliner is given in the Jahresb.f. Chem. 1874, 70. 

Expansion of Solids. Experiments on the expansion of metals and of 
woods have been made by P. G-latzel {Ami. Chim. Fhys. clx. 497-514 ; Chem. Soc. J. 
1877, ii. 7-20), with a new apparatus constructed by Eues of Berlin. The numbers 
in the following table give the increase of length, in millimeters, of bars 1 dem. long 
for a rise of 1°, so that if a denote the usual coefficient of expansion, i.e. in parts per 
mhlion, these numbers must be denoted by 100 a. Eor comparison the numbers 
obtained by Eizeau by his optical method (ls?f Buppl. 675) are also given. 

Mzeau 
0-001322) 

0*001101 }• Different sorts. 
0-001095 ) 

0-001210 > 

0-001188J ’’ 

0-001696 
0-002234 
0-002318 
0-002924 
0-003069 

In the determination of all these values by G-latzel, both the lengthening of the 
bar by heating, and its subsequent shortening by cooling down to the temperature of 
the air, were taken into account ; and in this it was noticed, as previously found by 
other observers, that the bars on cooling did not assume exactly their original length, 
but became shorter. 

Eor woods, the following values of 100 a were obtained in the direction of the 
fibres. 


Maple 

. 0-000502 

Beech 


. 0-000716 

Hornbeam 

. 0-000604 

Pear 


. 0*000721 

Eosewood 

. 0-000608 

Oak 


. 0*000746 

Spruce fir 

. 0-000608 

Poplar 


. 0*000761 

Box . 

. 0*000623 

Mahogany 


. 0*000784 

Elm 

. 0-000635 

Ash 


. 0*000951 

Alder 

. 0-000699 

Ebony 


. 0*000970 


The peculiarities above noticed in heating and cooling in the case of the metals 
were likewise observed in the woods. 

The expansion of phosphorus has been investigated by Pisati and de Frauchis 
(6‘ur'rr. chim. ital. 1874, 457). The specific gravities of solid and melted phosphorus 
at various temperatures were found to be as follows : — 

Solid Fused 

at 0° 1*83676 at 40® 1-74924 

„ 20® 1*82321 „ 100° 1-69490 

„ 44° 1-80681 „ 280° 1*52867 

The volume-ratio between solid and liquid phosphorus was found to be 1*03446 

at 40° and 1*0504 at 44°. Eor the latter temperature H. Kopp had previously found 
the value 1*0343 {Liebig's Annalen, xciii. 129). The volume of solid phosphorus 
at referred to that at 0°, is given by the equation : 

Y = ^0 + 0*000200^ + 0-0000001 15^:2; 
the volume of liquid phosphorus hetw-een 50° and 280°, referred to that at 50°, by 
Y = ^50 + 0-0002969(^-50^) + 0‘0000002115(i~50)2. 


^ G-latzel 

Steel .... 0-001256 


Iron .... 0-001387 

Copper .... 0-001705 
Tin ... . 0-002212 

Aluminium . . . 0*002354 

Lead .... 0-002936 
Cadmium . . , 0-003121 
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YIiq mean espansion-coefficient for solid phosphorus is 
K ^ 0-0003674 + 0-000000211^ 
that of liquid phosphorus at 50°, and above, is 

K = 0-0005167 + 0-000000370(25-50). 

The statement of Schrotter {Liehi^'s Annalen, Ixviii. 247) that melted phosphorus at 
44° has a higher specific gravity than solid phosphorus at 10^, may he ^plained hy 
.the contraction which attends the partial coiiversion of ordinary into red phosphorus, 
in the experiments of Pisati a. de Pranchis, this change was as far as ]®ossible pre- 
vented. 

Sulphur. — ^Despretz found in 1838 that the expansion-coefficient of melted 
sulphur increases -with tolerable regularity as the temperature rises (from 110° to 
250°), H. Kopp {Liebig's Annalcn, xciii. 129) found the expansion between 126° and 
1^2° to be unoform, but different in amount from that given by Despretz. A new 
determination has been made by G-. Tisati {Gazz. ehim. ital. 1874, 29) by two methods, 
with the dilatometer and the weight-thermometer, the result of w'hich is tO(,;^how that 
at 150° the expansion is not quite uniform, but exhibits only very slight variations, 
and that between 150° and 160° a sudden and very considerable diminution in the rate 
of expansion takes place, whilst between 160° and 300° it increases, but so slowly, 
that even at 300° the rate still falls short of the value which it had at 150°. The 
mean coefficients determined by Pisati are about f smaller than those of Despretz, 
and (between 126° and 152°) about ^ larger than those given by Kopp. The co- 
efficient of expansion diminishes from the melting point to about 170°, where it 
attains a minimum, and then exhibits a normal increase. Moitessier {Jahresh. /. 
Gkcm. 1866, 27) attributes these variations to the formation, during the heating, of 
the insoluble modification of sulphur, which has a smaller coefficient of expansion 
than soluble sulphur. The quantities of insoluble sulphur (in percentages of the 
total amount) formed at different temperatures were found to be as follows : 

143° 148-5° 159-9° 167*4° 179'4° 213-5° 249*9° 284*9° 440° 

0 2-54 7*03 14-77 22-60 27-09 26*31 29*31 30*27 

According to these numbers, the effect of the less expansible insoluble sulphur in 
diminishing the expansion coefficient of the whole increases from 143° to about 200°, 
and then becomes nearly constant. 

Pisati, by heating melted sulphur to 300°, and then cooling it to 125°, obtained a 
curve of expansion agreeing very nearly with that laid down from Moitessier’s deter- 
minations. 

According to Scichilone {Gazz. 1877, 501), sulphur, precipitated from sodium 
persulphide and purified by repeated crystallisation from carbon sulphide, gives, 
when gradually heated up to 440°, values of the coefficient of expansion agreeing 
with those obtained by Moitessier. 

Ebonite. P. Kohlrausch (Pq^^, Erganzbd. vi. 314) finds that the expan- 
sion-coefficient of ebonite for 1° is — 

0-0000770 between 16*7° and 25*3° 

0-0000842 „ 25-3° „ 35*4° 

therefore a^ = 0*000061 +0-00000076^5. 

These numbers show that both the expansion of ebonite, and the rate of its increase 
with rise of temperature, are very considerable. In this respect ebonite presents a 
marked contrast to soft caoutchouc, the difference being probably due to the sulphur 
in the ebonite. A rod of ebonite about 1 cm. thick was found, when heated, to take a 
considerable time to contract to a constant length — an effect which is attributed by 
Kohlrausch, not only to the bad conduction of the material, but to the fact that ex- 
pansion hy heat, like elastic alteration of form, does not take place instantaneously, 
but goes on with gradually diminishing rapidity after the alteration of temperature 
has taken place, as indeed is indicated by Matthiessen’s experiments on glass rods 
{L^foc, Boy. Soc, xiv. 551). 
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EtrsiON AND Solidification. 


The softening and melting points of metallic alloys hare been determined by 
K. 'G-nelim {Monit. scieH. [3], iv. 424) by the folio-wing method: — Two rings of the 
alloy free from oxide were fitted one into the other, and suspended by a hooked iron 
wire in a heated bath of oil or paraffin ; and the temperatures were noted at which 
the rings first became elongated into ellipses, then into a vertical strip, and finally 
melted. The^ollowing are the results : 



■Auuy 

1 

Softening 

Melting 

Tin 

Lead 

point 

point 

2 

5 

185° 

189° 

2 

6 

189° 

194° to 195° 

2 

7 

192° 

198° 

2 

8 

202° 

208° to 210° 


Points of Pat and Wax. G. H. Wolfif (Dhiffl.pol. J. cexvii. 411 “ 
has determined the melting points of the folio-wing kinds of fat and wax, by a modifi- 
cation of the method described by Lowe {Bingl. pol J. cci. 250 ; Ckem, Soc. J. 
1871, 973). 


Ceresin 

m. p. 

. 71-35° 

Yellow wax. 

. 64*0° 

White wax . 

. 62*8° 

Yellow wax in cakes* . 

. 60-1° 

Stearin 

. 51-45° 


m. p. 

Paraffin 49*5° 

Spermaceti . . . .45*2° 

Mutton suet .... 45*6° 
Japan wax .... 41*3° 
Cacao butter . . . .31*8° 


SWCelting Points of Homologous Compounds. The following regularities 
in the melting points of homologous compounds have been observed by A. Baeyer 
(Dent, Chem. Gres, Ber. 1877, 1286). Both in the oxalic series and in the series of 
normal fatty acids, a member having an uneven number of carbon-atoms has, without 
exception, a lower melting point than the acid which contains one more carbon-atom. 
In the oxalic series of acids, the melting point of the acids with uneven numbers _ of 
carbon-atoms rises with increasing quantity of carbon, whereas that of the acids with 
even numbers of carbon-atoms falls, so that the two series meet at a certain inter- 
mediate point. In the fatty acid series, the melting points rise both in the even and 
in the uneven series, with exception of the lowest members. This is seen from the 
following table, taken from Pittig’s Lehrbiich ; 


Melting Points of the Acids of the Oxalic Series, 


Normal Succinic, . . 180° 

Adipic, . . 148° 

Suberic, . . 140° 

Sebic, . . 127° 

Melting Points of the 

Acetic, G-H^02 . . . -i-17° 

Butyric, ... 0° 

Caproic, - 2° 

Caprylic, 16° 

Capric, . . . +30° 

Palmitic, . . . + 62° 

Stearic, . . . +69*2° 


Normal Pyrotartaric, 

. 97° 

a-Pimelic, 

. 102° 

Azelaic, . 

. 106° 

Brassyiic. 

. 108° 

Normed Fatty Acids. 


Propionic, C^II®0^ remains fluid 
Valeric, 


Oenanthylic, 

-10*5° 

Pelargonic, 

+ 12° 

Margaric, 

+ 59*9° 


Meltiug Points of Metallic Salts. T. Carnelley {Chem, Soc. J. 1876, i. 
489-509; 1877, i. 365-388; 1878, Transactions, 273-281) has determined the melt- 
ing points of a large number of metallic salts by the two following methods : 

1 . The Specific Heat Method. — The principle of this method is as follows : When 
a small quantity of the salt is placed in a weighed platinum crucible, and the latter is 
suspended in the fiame of a Bunsen’s burner or of a blo-wpipe, the temperature of the 
crucible after a time reaches that at which the salt fuses, if the latter is not beyond a 
certain limit ; and now if the crucible, the instant the salt is seen to melt, be dropped 


* Probably mixed with Japan was. 
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into a imo'wn weight of water, of known temperature, and the^ rise in temperature 
noted, then, from the well-known equation for specific heats (iii. 27)j we obtain the 
initial temperature of the crucible at the moment the salt melted, and therefore the 
temperature at which the fusion occurred, assuming that the mean temperature of 
the crucible is the same as that of the salt at the moment of^ melting. (For descrip- 
tion and figures of apparatus, see the first paper above cited.) 

Solidifying points may be determined in a similar manner, but with this difference, 
that when the salt has completely melted, the lamp is turned out, and the crucible 
while still suspended is carefully watched, and at the moment when th^ salt begins to 
solidify, dropt at once into the calorimeter, after which the process i& the same as 
before. The point of solidification may usually be seen without difficulty, but some- 
times the solidified salt forms a perfectly transparent glass, in which case it is very 
difficult, if not impossible, to tell when the salt becomes solid. In that case it is best 
to place a bright gas flame at the opposite side of the crucible, so that its image may 
be seen reflected from the surface of the melted salt, which image, the moment the 
salt solidifies, becomes blurred and indistinct, or disappears altogether. 

The following table exhibits the melting and solidifying points of several salts 
determined by this method and the differences between them : ^ 







M. p. 

S. p. 

Difference 

KNO^ 





. 353® 

332® 

21® 

KCIO^ 





. 372® 

351° 

21® 

KCl . 





. 434° 

415° 

19° 

KI . 





. 639° 

622° 

17® 

KBr . 





. 703® 

685° 

18® 

K2C0« 





. 838® 

832° 

6® 


2. The Time-method . — This method depends upon the following principle : If 
three metallic salts, A, B, and C, which fuse at different temperatures,^ such that A 
fuses before B, and B before 0, be arranged on a cold block of smooth iron, and this 
be placed in a muffie kept at a constant high temperature, and if a; be the number of 
seconds which elapse between the melting of A and B, and y the number of seconds 

between the melting of A and 0, then the ratio is approximately constant for the 

CO 

same three salts, whatever may be temperature of the muffle, provided only it is con- 
siderably higher than that at which 0 fuses. This principle affords the means of 
determining the melting point of a refractory metallic salt by comparison with salts 
whose melting points have been determined by other methods. The following table 
shows the mean results of comparative experiments made by this method and by the 
specific heat method. 


Salt 

o 

1 

bfi 


3 

hD 

H 

&D 

3 


6 

O 


u 

1 

o 

1 

W 

Iz; 

-A 

H 

<i 



o 

>3 

0 

|Zi 


Iz; 

Time method 

320 

345 

453 

472 

490 

591 

654 

707 

699 

733 

731 

745 

815 

Specific heat method . 

315 

345 

453 

466 

477 

554 

661 

710 

729 

733 

742 

753 

811 

Difference . 

+ 5 

0 

0 

+ 6: 

-1-13 

-i-37 

-7 

-3 

-30 

0 

-11 

-8 

+ 4 


Of the two methods, Carnelley considers the one depending on specific heats to be 
the more accurate, since the results obtained by it for the same salt agree more nearly 
among themselves than do those arrived at by the time method, while the exact point 
at which the salt melts is more easily seen in the case of the former. It has, more- 
over, the advantage of being entirely independent of any fixed melting joints ; whereas, 
in the time method, the melting points of the standard salts, as found by the other 
method, have to be assumed, so that the results which it yields are not wholly inde- 
pendent. 

The specific heat method is, however, liable to an error arising from the overheating 
of the wire which suspends the crucible, and tending to make the results too high. 
This error may be reduced to a minimum by using a very thin suspending wire. The 
following table gives the molting points of a considerable number of salts determined 
with attention to this precaution. The new determinations relating to the salts 
previously examined are all lower than those given in the two preceding tables, partly 
from the cause just mentioned, and partly in consequence of a more exact determina- 
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tion of the heat-value of the calorimeter used in the experiments. For comparisoi?, 
the melting points of some of the salts, as determined in the ordinary v?ay with the. 
mercurial thermometer (corrected, when not otherwise stated), or by other methods, 
are given in foot-notes. The values determined by the specific heat method are the 
means of several observations : 


Salt 

M. p. 

Salt 

p. 

Salt 

M. p. 

1“ 






(^) AsP . . 

U6° 

SrP 

507° 

(PbY20^)2PbO 

731° 


186 

CdF2 . 

520 

(21) KCl . 

734 

(3)AgNO^ 

217 

(DAgI . . 

527 

ZnF2 . 

734 

{^) 

203 

CdCP . 

541 

(22) EbF . 

753 

(s) HgBr- . 

242 

LiBr . 

547 

(23) Mo08 . 

759 

(6) LiNO^ . 

267 

Cu(N03j2 

561 

(21) EaCl . 

772 

(-) TPCO^ 

273 

Ka^BiQ^ 

561 

KF 

789 

(^) HgCP . 

293 

ISTaVO® 

562 

(28) Pb(P03)2 

800 

(») SbP . . 

292 

Nai^V^O^o . 

562 

(20) LiF 

801 

(10) IsaClO^ 

302 

TPV04 

566 

(27) Pb2p20^ 

806 

(o)NaN03. 

316 

CdBr2 . 

571 

BaBr2 . 

812 

(10) KN03 . 

339 

Ba(K03)2 

593 

(28) m'^GO^ . 

814 

(“) KCIO* . 

359 

(18) B-08 . 

577 

Li-SO‘ . 

818 

PbP . 

383 


581 

(20) SrCP . 

825 

Ag^V^O^ . 

383 

(l8)Ag^P-0^ 

585 

(30) 312003 . 

834 

Agi2V80-o . 

384 

LiCl . 

598 

(31) Na2SOi . 

SOI 

rppaysoso 

392 

Cu^-P . 

601 

(32) pb5(VO 1)301 . 

a 802 

ZnBr^ . 

394 

NaPO^ . 

617 

Pb(Y03)2 

a 849 

CdP . . ! 

404 

mi 

628 

Ag3POi . 

a 849 

rppeyioQsi . 1 

404 

SrBP . 

630 

LPPOl . 

a 857 

(1-) Hg^Brii 

a 405 

CaP . 

631 

Ba2Y20^ 

a 863 

Xii2yMOu . 

408 

TPSO^ . 

632 

]Sra3YOi . 

a 866 

Ba(C10=i)2 . 

414 

(20) KI 

634 

Fra‘ip20^ 

a 888 

TlV0=i . 

424 

Ca(y03)2V208 

637 

NaF . 

a 902 

AgBr . 

427 

Ebl 

642 

CaF2 . 

a 902 

(13) TlCl • 

427 

Sr(N03)2 

645 

SrF2 . 

a 902 

(ii)Ag®VO‘ 

403°-565° 

Na^V^or 

654 

BaF2 . 

a 908 

Cu^CP . 

434 

Ag^SO^ . 

654 

Cu2F2 . 

a 908 ' 

Til . 

439 

. 

658 

MgF2 . 

a 908 

Lil . 

446 

CaBr2 . 

676 

■RiT3 i 

decom- 

ZnI2 . 

446 

RbBr . 

683 

JDIX . -j 

poses 

AgCl . . 

451 

LPCO* . 

695 



did not 

TPY-0^ 

454 

MgBP 

695 



melt at 

TlBr . 

458 

KBr . 

699 

BiF3 . j 


804°, pro- 

(10) AgPO^ . . 

482 

NaBr . 

708 



bably de- 

CuCP . 

498 

MgCl- . 

708 



composed 

(lo)PbOl- . 

498 

EbCl . 

! 710 



PbBP . 

499 

1 

CaCP . 

719 




The letter a before j, number denotes that tbe salt referred to melts above that tempomture. 

(') 146 CParne^ley) ; determined by thermometer. 0 1S4 (Caniclloy)- 

(^) 219 (l’''"' Dictionary, iv. 104) ; 198 (Pohl, Jahresh. 4, 69; not stated whether corrector not. 
Determined by covering the bulb of a thermometer with, a layer of fused salt, and then placing in an 
empty tube and bectmg) ; 218°, resolidifies at 212° (Camelley). 

C) (Carnellcy).' Anhydrous oxalic acid. 

C) 223 (Oppenheim, Clarke' s o/iTaifMrc, but reference there given incorrect); 244 (Wil- 

liams) ; 244 (Camelley). 

(•=) 264 (Camelley). (’) 269 (Williams) ; 272 (CarneEey). 

(®) 287 (Williams) ; 288 (Camelley). 

C) 314 (Brann, Pogg. Ann. 154, 190) ; 310 (Person, Ann., Ohim. Phys. 1847, xxi. 329) ; resolidifies 
at 313 (Schaffgotsch, Pogg. Ann. cii. 293) ; 319 (Camelley). 

342 (Braun, Pogg. Ann. cliv. 190 ; 339 (Person, Ann. Chim, Phys. xxi. 329) ; resolidifies at 338 
(Schaffgotsch, Pogg. Ann. cii. 293). 

C^) 334 (Pohl, Jahresh. iv. 59), vide under AglSTO®. It cannot be correct, since KCIO® melts above 
KNO“. It is not stated whether 334° is the corrected temperature or not ; if not the correction would 
make it several degrees higher. 

(^=) Did not melt but volatilised. The temperature given represents that at which all the salt 
had volatilised without melting. It therefore melts above 406. 

(“) Above 260 (Crookes, Chem. >Soc. J. 1864, 139). 

P*) Very difficult to see when it melted. Appeared to soften and melt gradtiaUy. 

(*“) Prepared by precipitating AgHO® with an excess of KaPO®, the latter being obtained by fusing 
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*' In tlie ease of some of the salts mentioned in the above table, it was impossible 
,to determine the melting point in the ordinary way, as they decomposed into metaUie 
oxide and free acid, owing to the presence of moisture in the air and from combustion 
of the lamp flame. The method adopted, therefore, was to heat the salt in question 
with two or three others of known melting point on a sheetfof platinum, and observe 
between which two it melted. By this means the salt did not appear to decompose 
till after fusion, the melting point being reached much sooner than when the large 
platinum crucible was used. 


Vaporisation. 




Boiling Points. A simple apparatus for the exact determination of boiling 
points is described by Berthelot (Jmi. CUm. Fhys. [5], xii. 562). It consists of a 

long-necked glass flask, having a capacity of 
100-200 c.e. The neck is enclosed in a wide 
glass tube, closed with two perforated corks, 
and passes through the lower cork 4 - and the tube 
of a thermometer passes through both, while its 
bulb is wholly immersed in the vapour. The 
lower cork is also traversed by a bent tube, which 
serves to carry off the vapour to a condenser, 
and thus prevent any excess of pressure in the 
apparatus. 

Another apparatus for the determination of 
boiling points under the normal barometric 
pressure is described by H. Bimte {Liebig's 
Annalen, clxviii. 139) ; and an apparatus for 
determining boiling points at all pressures below 
that of the atmosphere is described by Lothar 
Meyer {ibid. clxv. 303). The air is pumped out 
of the distillatory apparatus by means of a 
Bunsen’s pump, and this apparatus is connected 
with a second distillatory apparatus and pump, 
in such a manner that the action of the pump 
stops as soon as the desired pressure is attained, 
but begins again as soon as any alteration of 
pressure takes place. 

Determination of Boiling Points with small 
quantities of Siibstmice . — A method for this pur- 
pose is described by H. Chapman Jones {Chem. 
Soc. Jour. 1878, xxxiii. 175), founded on the 
principle — previously applied to the determina- 
tion of boiling points by Eegnault — that the boil- 
ing point of a substance is the temperature at which the tension of its saturated vapour 
is equal to the standard atmospheric pressure. A piece of glass tube, 4 mm. internal 
diameter and 200 mm. long, is bent in the form of a U, so that one end, which is 
open, extends at least 15 mm. beyond the other, which is closed. The bend is made 
in the form of a circle about 20 mm. in 4iaineter. The liquid, two or three drops of 
which suffice for the determination, is introduced — by a method described at length in 
the paper above cited — into the closed end of the U-tube ; the open end is placed 



microcosmic salt. Became black on beating ; fused mass, after cooling in water, was yellow, probably 
from conversion into Ag^PO^ 

(^®) 680 (Braun, Pogg. Ann. cliv. 190). 

C’) 450 (Rodwell, Ohem. News, xxxi. 4). This was simply deduced from tlie fact that it melted 
somewhat above the melting point of zinc, 412. 

(^'*) Difficult to see, as it appeared to soften and then melt. 

C”) Became black on heating ; fused mass, after cooling in water, was yellow, probably due to 
formation of Ag’PO'*. 

666 (Braun, Pogg. Ann. cliv. 190). (=i) 730 (Braun, Fogg. Ann. cliv. 190). 

(“) Very deHquescent. Melting point very difficult to see. 

(“) Wl.’^o ; iKcame very dark on heating (dark-green?), then whitish-yellow. 

(=") 960 (Bri.an, iVy/';. cliv. 190). 

(''®) Becomes dark ^-ey on heating, and white again at a red heat. 

(““) The melting point w'as very difficult to see. 

(“’) Dndergoes some change on heating, as Pb(PO“)“. (=®) 920 (Braun, Pogg. Ann. cliv. 190). 

(=“) 910 (Braun, Pogg. Ann. cliv. 190). (3°) 1150 (Braun, Pogg. Ann. cliv. 190). 

(“^) 1280 (Braun, Pogg. Ann. cliv. 190). 

("*-) Artificial vanadinite. 
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undemeatli the surface of some mercury contained in a small porcelain crucibla. 
The whole is then slung by means of copper wire into a water or paraffin bath, and^ 
the temperature of the bath is gradually raised. The 
liquid will of course boil and the yapour will drive the 
air before it. On cooling, the whole tube — called a teiision- 
tiihe—is filled with mercu:?^y, a bubble of liquid oecupy- 
ino- the top of the bend. The tube is then inverted and 
the liquid transferred to the closed end of the tube. 

Any water or paraffin is now removed from the tube, 
and some merely emptied fcom the open limb. The 
method of determining the boiling point is as follows:— 

The tube is in'mersed in a paraffin bath, care being 
taken that the open end is freely exposed to the air. 

The temperature is then gradually raised, and as the 
temperature approaches the boiling point of the sub- 
stance, the mercury falls in the closed limb, the tube 
being gently tapped. At the moment the mercury levels 
in the two limbs are equal, the temperature of the bath 
is taken by a '^elicate thermometer placed close to the 
liquid in the closed limb. The bath is allowed to cool, and the temperature at which 
the levels pass each other again noted ; and in this manner six observations are made, 
the mean of which gives the uneorrected boiling point. 

As an- example of the determination by this method of the boiling point of a liquid 
under different pressures, the numbers obtained with carbon disulphide — usually said 
to boil at 46-6° under ordinary pressure, may be cited : 



Pressure in mm. 

. 736*0 

744*5 

752*0 

762*0 

B. p. at these pressures . 

. 45*1° 

45*5° 

46*0° 

46*3° 

B. p. at 760 mm. 

. 46*0° 

46*1° 

46*3° 

46*2° 


By using a spermaceti bath, boiling points up to 300° may be determined. 

Another apparatus for the same purpose is described by P. T. Main ( Chem. News, 
XXXV. 59). It consists of two principal parts — a boiler-tube and a pressure-tube. 
The boiler-tube is a thin, narrow, glass tube, V“Shaped, hermetically sealed at its 
short end, and open at the long end ; the short end may be about 2 inches in length, 
the long end about 18 inches. The pressure-tube is a vertical glass tube, which can 
be connected with the open limb of the boiler-tube by a drying-tube, and dips into 
water contained in a wider glass tube : by raising or lowering this wider tube, the 
pressure within the open limb of the boiler-tube may be made greater or less than 
the atmospheric pressure. The boiler- tube is held so that the bend of it is its lowest 
point : in this position the liquid to be operated on is distilled or poured into it in 
such quantity that on inclining the tube, the air in the closed limb may be displaced 
by the liquid, which maybe made to occupy the whole of this limb and a small portion 
of the open limb. By boiling this portion of liquid in the tube sufficiently, all dis- 
solved air or gases may in general be expelled from the liquid, the space above which 
in the closed limb is then occupied by the vapour of the liquid only. The boiling 
point of the liquid must be known or determined first approximately, which is easily 
done by a preliminary experiment ; and it may then be determined accurately (if less 
than that of water) by immersing the boiler-tube in water at a temperature a little 
higher than the boiling point of the liquid, connecting it with the pressure-tube, and 
increasing or diminishing the pressure by means of this so as to make it exactly equal 
to that of 760 mm. of mercury at 0°. By carefully lowering the temperature of 
the water till the liquid in the boiler-tube stands at exactly the same level in both 
limbs, and taking a few observations of the temperature while the liquid is steady in 
the boiler-tube, or oscillating slowly about this mean position, it is possible to deter- 
mine the boiling point at 760 m.m., with considerable accuracy, with so little as 1 c.c. 
of liquid. 

For liquids whose boiling points are higher than that of water the process would 
necessitate the use of dense aqueous solutions, or of some other liquid which can he 
heated to higher temperatures than water without boiling or decomposing. 

High Boiling Points . — A method for the approximate estimation of the boiling 
points of substances which boil above the range of the mercurial thermometer is 
given by Carnelley and Carleton-Williams {Chem. Soc. J. [1878], xxxiii. 281). It con- 
sists in noticing whether certain salts melt on exposure to the vapour of the boiling 
substances, the melting points of the salts determined by Carnelly (pp. 936-938) 
being utilised for the purpose. 

For temperatures below 500° the substance may be boiled in an ordinary distilla- 
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tbn flask, provided with a perforated cork, through which pass several capillary 
^ubes containing salts which melt at known temperatures. Substances which boil 
above 500° must be heated in a tube of hard glass by means of the blowpipe. The 
tube is held in a slanting position, and passes through a hole in the centre of a piece 
of sheet iron, in order to protect that portion which is above^ the boiling liquid from 
the action of the flame. The capillary tubes containing the' salts must abo be made 
of hard glass. When the vapour of the boiling substance attacks glass, it is often 
difficult to observe whether the salts have melted. In this case it is advisable to 
protect the tubes from corrosion by inclosing them in thin glass sheaths. 

In the following table the boiling points determined by this methcfl (Column III) 
are compared with the actual temperature (Column IV) measured m a mercurial 
thermometer, the stem of which was completely immersed in the vapour of the boiling 
liquid. Column I contains the formulae of the substances, and II the salts used in 
determining the boiling point. The symbol -f is used to indicate that the salt melts, 
and — to show that no change takes place. 


I 

n 

in 

lY 

Remarks 

jr- 

HgCl= . . 1 

+ 

NaClOs 

NaNQs 

|302°-316° 

303° 1 

In this Dictionary (iii. 897) 
the b. p. given is 295°. 

HgBr^ . . 1 

+ 

NaNO^ 

KNO^ 

1 316°-339° 

319° 

SbCP . . j 

+ 

AgNO= 

HgP 

|218°-241° 

221° 1 

According to Kopp, 223°. 
Capitaine, 230°. 

Diphenyl . | 

•1- 

HgBr- 

TPCO« 

|244°-278° 

257° 


Benzoic acid, ( 

+ 

HgBr2 

|244°-278° 

249° j 

Kopp {Jahresh. viii)., m. p. 

m.-p. 121° ( 

— 

TPCO^ 

121-4 ; b. p. 249-2. 


Now on referring to the list of melting points previously mentioned, it will be 
seen that but few of the salts melt below 300® ; for these temperatures, therefore, the 
boiling point cannot be brought within such narrow limits as forhiglier temperatures. 
It must also be remembered that the method is meant to be used only for tempera- 
tures for which a mercurial thermometer cannot be employed, and in cases where 
merely an approximate knowledge of the temperature is required. The accuracy 
can obviously be increased by determining the melting points of a larger number of 
salts. 

The following numbers show that good results are obtained at high temperatures : — 


I 


Hg. 


+ 

+ 


Sulphur purified'! 
by recrystal- + 
lisation from r + 
carbon disul- ) — 

phide . . 


II 


ni 


NaNO^ 

KN03 

KCIO® 


339-369° 


Til 

ZnP 

AgCl 


446-451 


Eemarks 


The boiling point of Hg has been 
carefully determined by Eeg- 
nault {Jahresh. xvi. 70) and by 
Dulong and Petit. The former 
found it to be 357*25°, and the 
^ latter 360°. 

' Eegnault {Belation des Expe- 
riences, ^c.y ii. 527) states the 
b. p. of sulphur to be 447°. Hit- 
torf gives the same number, but 
according to Dumas, sulphur 
boils at 440°. Most of the de- 
terminations of the boiling points 
of S and Hg appear to have been 
made by means of the iodine 
pyrometer. 
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The method has been successfully applied in fractionating high-boiling hydrocar- 
bons, and in determining the boiling points of the following substances :~ 


Anthracene, the 
specimen melts 
at 212*0° 


HgF 

AsP 


n 


- KCIO^ 


( + NaNO® 
j + KNO® 
i - KCIO^ 

f + ZnBr® 
i - Ba(C103)' 


in 


[ 339-359° 

I 339-359 
j. 394-414 


BiCl® 



Ba(ClOs)^ 

TlCl 

Til 


427-439 


BiBr» 


( + AgCl 

+ TPY^or 
\ AgPO^ 
- PbCP 
^ - Agl 


I 454-498 


SbP 


+ PbP 
+ Ba(C102)2 
- TlCl 
~ AgCl 


417-427 


TinB r- 

PbOP . 
PbBr® . 
CdCP , 


+ EbBr 
+ Li-CO^ 
-- KBr 
- NaBr 

+ Na^SO^ 


+ Na^SO^ 


I 695-699 
Above 861 

Above 861 


Remarks 


^ Graebe and Liebermann (Lieb. 
Ann., Supp. vii. 264) state that 
anthracene boils a little above 
360°, but they do not describe 
how they measured the tempera- 
^ ture. 

' Prepared by triturating iodine and 
mercury in presence of a small 
quantity of alcohol. 

( Prepared by subliming a mixture 
1 of As and iodine. 

/ Two specimens, one prepared by 
dissolving bismuth in aqua regia, 
the other by burning the metal 
in chlorine, gave the same results. 
The chloride decomposes slowly 
on long continued boiling ; chlo- 
rine is evolved, and golden needle- 
' shaped crystals are deposited. 

I Prepared by the action of bromine 
t on the pure metal. 


Prepared by heating a mixture of 
iodine and antimony. The crude 
product was purified by sublima- 
tion over metallic antimony. The 
iodide melts at 171° (corr.), and 
decomposes slightly when boiled. 
The vapour has an intense dart 
red colour. 


Prepared in the wet way ; recrys- 
tallised from boiling water ; at- 
tacks glass. 

Does not boil before the blowpipe. 
Attacks glass very rapidly. 

Two specimens gave the same 
results ; a deposit separates out 
on boiling. 


Por the following substances a higher temperature is obtained by immersing the 
salts in the boiling liquid instead of in the vapour, whereas in the 'instances given 
above, the same result was obtained in both cases. 
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«r 

In vapour 

In liquid 

I 

n 

m 

lY 

Y 

ZnCP 1 

+ V^O^ 

+ CaBr2 
-BbHr 
-KBr 

-676-683°- 

-i-HBr 

-hNaBr 

-CaCP 

-708-719°- 

TlCl ■ 

-HLi^CO® 

•f NaBr 
-CaOl- 
-KCi 

|708-719 1 

CaCP 

-2(Pb2V2O0PbO 

-KOI 

■719-731 

TII . 1 
1 

+ Na01 
-f-Pb(P03)2 

-Pb^psO^ 

-Na^CO" 

•800-806 ■( 

-hPb^P^O^ 

-Na2CO=» 

} 806-814 ■ 

Cd . 1 

+ KC1 
+ MoO« 
-NaCl 

1 763-772 1 

-fMoO" 

NaCl begins to 
melt. 

1 772 ■ 


Remarks 


Attacks glass, 
and becomes 
turbid on 
boiling. 

.j/Ielts to a pale 
i; yelW liquid, 
which changes| 
to a cherry 
red, and fi- 
nally again 
tnms yellow. 


brightly on 
boiling. 

Beville and 
Troost 

{Compt, rend. 
xlix. 240)give 
860° as the 
boiling point 
of Cd, but 
how this mim- 
ber was ob- 
tained is not 
clearly stated. 


Belation of Boiling Point to Chemical Constitution. — The differences 
of boiling point in me tarn eric bodies are explained by A. Nanmann Chem. 

Gcs. JBer. vii. 173; Jdhresb. 1874, 15) as follows: A comparison of the properties 
of bodies in their different states of aggregation leads to the supposition that a 
liquid molecule is made up of a considerable number of gas-molecules, and that in 
the passage from the liquid to the gaseous state, the complex liquid molecule is split 
up into the simple gas-molecules. According to the laws of universal atti’action, the 
gas-molecules which make up the liquid molecule will, under otherwise similar cir- 
cumstances, offer a greater resistance to any force tending to separate them, in propor- 
tion as they are more closely aggregated ; and therefore the closer the aggregation, 
the higher will be the boiling point of the liquid. The most easily comparable 
relations are found in metameric bodies, in which the elementary atoms are the same 
in number and in kind, but differently arranged, especially in those which contain 
but a small number of different elements — the hydrocarbons for example — and in 
which therefore the disturbing influence of the different qualities of the atoms is re- 
duced to a minimum ; or in certain oxygenated compounds, which, by their similarity of 
chemical character, appear to have their oxygen-atoms similarly united to the other 
elements. The arrangement of the atoms of the individual molecules in single chains 
admits of a closer packing of these molecules than that which they can assume when, 
in consequence of the presence of lateral chains, the grouping of the atoms approxi- 
mates to the spherical form. The more therefore the grouping of the atoms demates 
from the rectilinear and approaches to the spherical form, the less closely will the 
gas-molecules be grouped in the liquid molecule, and the lower will be the boiling point. 


Pentanes, 


Hexanes, 


/Normal Pentane, .... 38° 

_ Isopentane, Cff.Cff. 30° 

Tetramethyl-methane, C! 9‘5° 

rNormal Hesano, OH’.Off CH2 ... 70° 

Isoliexane, 62° 

j Di-isopropyl, 23^CH—CH <31' 58° 


Trimetliyl-etliyl-niethane, ^ 
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fNormal Butyl Alcohol, CH^.CH-.GH-.CH-OH . . . 116®* 

Isobutyl Alcohol, 109 ’' ■ 

-i Secondary Butyl Alcohol, CHOH<gg_cH» . . . S9» 

/CH» 

Tertiary Butyl Alcohol, OOH^CBL^ ..... 82*5^ 

L \CH« 

rB'ormal Valeric Acid, CmCH^.CH-.CH^.OOOH , . . 185® 
j Ordinary Valerie Acid, |^^>CH-CH=.COOH . . . 175° 

i Tjiiuethylacetie Acid, (CH^)^C — COOH * . . . 161® 

Aldehydes, f Normal Valeraldehyde, CH^.CH-.CH-.CH-.CHO . . . 102° 

1 Ordinary Valeraldehyde, (CH'*)*CH — CE-.CHO . . . 92° 

Ketones, , Methyl-propyl Ketone, H'C— CO— CH^CffiCH’ . . 99®-l()5® 

C^H^°0 1 Methyl-pseudopropyl Ketone, H^C — CO — CH(CH^)- . . 93*5® 


Influence exerted, on the Boiling pobit of Oxygenated Carho'n-co'nvpoimds by the 
position of the Oxygen-atom. — This influence, likewise investigated by Naumann {Bei\ 
vii. ’ iahresh. 1874, 17), maybe expressed as follows: In metameric bodies of 
similar chemical character and otherwise corresponding structure, the more nearly the 
oxygen stands to the middle of the chain of atoms, the lower will be the boiling point. 
The following may be taken as examples : — 


it 




[Primary Butyl Alcohol, CH^.CH'.CH^.CH^OH 
[Secondary „ „ CH^.CHOH.CH^ OH^ 


C^H^^O 


a 


§1 

Sh 

6 


(Primary Pentyl Alcohol, CHs.CHICm CH^.CH^OH 
^ ^ '^iMethyl-propyl Carbinol, CH^.CHOH.CmcmOH® 

A ^ Primary Hexvl Alcohol, CH3(CH2)^CH20H . 

^ ^ j Methyl -butyrCarbinol,CH3.CE[OH(CH2)«CH3 

f Isopentyl Alcohol, (CH3)20H— CH^-CH^OH 
Methyl-pseudopropyl Carbinol, CE^CHOH.CHCCH®)" 

Bimethyl-ethyl Carbinol, OH^.CH- — C0 H<[^q23 • 

/ ^.-p-ioA “Propyl Oxide, CH^O.CH^.CH^CH''* . 

^ ^ ^jBiethyl Oxide, CmCH^.O.CmCH^ . 

(Ethyl-butyl Oxide, CH^GH^.O.OH^.CmCHs CH^ . 

1 pipj,opyi Oxide, CH^CH^.CHaO.CH^CH^CH^ 

AfiTTUA f Methyl-isopentyl Oxide, CH3.0.CH-.GH2.CH(CH®)2 
^lEthyl-isobutyl Oxide, CmCH2.0.Cm0H(CH3)2 . 

I Propyl Acetate, CH^.CO.O.CHaCH^.CH^ . 

^ I Ethyl Propionate, CH^CH^.CO.O.Cff.CH^ . 
fButyl Acetate, CH-^.CO.O.CH-.CH'-^.GHaCH^ 
CeHisO^J Propyl Propionate, CH^.CH^. CO.O.CH‘^.CH-.CH“ . 

Ethyl Butyrate, CH^CmCmCO.O.CmCH^ . 

' ATauA 2 Propionate, CH^CHACO.O.CmCH^.CH^CH^ 

I^CE U jppopyl Butyrate, CmCH2.CH-.CO.O.CH-.CH‘-^. Off* 


116® 

99° 

137® 

120°-123° 

160®-156‘G® 

140®~142® 

128®-132® 

104°-108® 

98*o°-100® 


49°-52® 

-35*5° 

-91*7° 

85°-86° 

02 ® 

78®-80® 

101*98® 

98*80® 

124*30° 

122*44® 

121*07° 

145*99® 

143*42° 


The cause of this regularity appears to be that the more nearly the oxygen is 
placed to the middle of the chain, the more closely do the similar atoms of the several 
molecules approach one another — that is to say, the oxygen-atoms of the one to the 
oxygen-atoms of the other, and the carbon-atoms of the one to the carbon-atoms of 
the other. On the other hand, the position of the oxygen near the end of the chain 
leads to a more frequent approximation of the dissimilar atoms of the individual 
molecules, viz., the carbon-atoms of the one to the oxygen-atoms of the other ; and 
this leads to the inference that the approximation of gas-molecules by their similar 
atoms does not bind them together into a liquid molecule so firmly as approximation 
by their dissimilar atoms. 

Infliiejiee of Chlorination on the Boiling Points of Organio Compo'imds (L. Henry, 
Ber, vi. 734). The usual effect of the substitution of chlorine for hydrogen is to 
raise the boiling point. This takes place regularly and constantly in those deriva- 
tives in w’-hich the group CH® is associated with another positive hydrocarbon-group 
like CH® itself or C'H^ &c., as in the chloro- derivatives of ethane and of toluene : 

Zrd Buy. 3 Q 
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Qm.ow . 

Mol. wt. 

. SO 

B. p. 

G-as 


Mol. wt. 

. 92 

B, p. 
111° 

CH^.CH^Cl , 

. 64*5 

10® 

C^H^CH^Cl . 

. 126*5 

176° 

CH3.CHCP . 

. 99 

60° 

C«H^GHCP . 

, 161 

208° 

OH^CP . 

. 133-5 

7o° 

CsH^CCP 

. 195*5 

214° 


The presence of a negative group or radicle, on the other hand, produces in all the 
chlorine-derivatives — after the first — a very considerable diminution in the rise of 
the boiling point, as may be strikingly seen in the several chlorinated acids, amides, 
chlorides, aldehydes, &c., of the acetic series. 



B. p. 

M. p. 


J1 B.p. 

HOCO.CH^ . 

118° 

17° 

(C2H»0)C0.CH5 . 

. f . 74° 

„ CH^Ol . 

180° 

62° 

CH'-’Cl . 

. 143° 

„ CHCl- . 

195° 


„ CHCl- . 

. 156° 

» COP . 

. 195°-200° 


CCP . 

. 164° 

HOCO.CH^ . 

118° 


ClCO.CH« 

. 55° 

„ CH^Br. 

208° 


„ CH^Ol . 

. 105° 

„ CHBr2. 

. 225^-230° 


„ CHCP . 


„ CBr* . 

245° 


„ COP . 

* ■' 118° 

H^NCO.CH^ . 

221° 

78° 

HCO.CHs 

. 21° 

„ CH^Cl 

224° 

116° 

., CH^Cl . 


„ CHGP 

233° 

96° 

„ CHOP . 

* 88° 

„ CCP . 

238° 

136° 

„ OOP 

. 96° 

H^C.CO.CH^ . 

56° 




„ CH^Ol 

118° 




„ CHOP 

118° 





The boiling points of cyanogen-compounds are considerably lowered by the 
presence of a negative radicle, thus — 


B.p. 

Hydrogen Cyanide, H.CN 26® 

Cyanogen Chloride, C1.CN 15® 

Hicyanogen, CN.CN ^21® 

Propionitril, OH^.CH-.ChT 96® 

Acetyl Cyanide, CH^.CO.CN 93° 

On the contrary : 

Propane, OH’.OmCH’ Gtis 

Acetone, OT.CO.Cff 55° 

hut again : 

Ethylglycollic Nitril, C^H^O.CH^.CN 154°-155® 

Ethylcyanoformate, C^H^O.CO.CN 116°-116° 


The monochloro-derivative of acetonitril boils at a much higher temperature than 
acetouitril itself, but the more highly chlorinated derivatives exhibit a considerable 
rotrogradation in their boiling points, notwithstanding the gradual increase of their 
molecular weights : 


Mol. wt. E.p. 

CH^.CISf 41-0 81°-8'2® 

CE-Cl.CN 75*5 123®-124° 

CHCl-.CN 110*0 112°-113° 

CCP.CN 144-5 83°-84° 


In these compounds the methyl-group CH*. by conversion into CCP, may be sup- 
posed to assume the functions of a negative radicle, and therefore to influence the 
boiling point in the manner above explained. 

Belaiion between Boiling jpoint and Vapour-density in Homologous Coinpounds . — 
According to E. Bunden {Bhl. Mag. [4], xli. 528), the absolute boiling temperature 
of homologous hydrocarbons and ethers is proportional to the square-root of their 
vapour-density, as indicated by the formula : ' 

T = 51-5 ovt = 273, 

which was found to be true with regard to 71 bodies of the two classes just mentioned. 
Eor aldehydes, alcohols, and acids, on the other hand, the coeflicient was not found to 
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be constant ; and to isomeric bodies of equal molecular weight, but different boiling 
point, the law is clearly inapplicable. • 

Boiling of Saline Solutions . — 0. G-. Muller {Beut. Chem. Ges. Ber. ix. 1629) 
observes that saline solutions may be heated nearly to boiling by passing steam into 
them. Solutions of calcium chloride of various degrees of concentration, and boiling 
at 104®, 122‘5°, 127'^ and 150-5®, were brought, by the introduction of aqueous 
vapour at 100®, to the temperatures of 100®~103®, 121-5®, 127®, and 147-5® respectively. 
Concentrated solutions of SQ-^Na^, KaCl, and NO^K, boiling, at 104'5®, 110°, and 
114*5°, were raised by a current of steam to 104®, 109®, and 112*5®. An alcoholic 
solution of potassium acetate, boiling at 87®, was heated by alcohol vapour from 78-3® 
to 84®. Wh” u a thermometer, moistened -wdth a solution of calcium chloride, is heated 
to 100® over a flame, and then brought into an atmosphere of aqueous vapour, it 
shows, not 100®, but the boiling temperature of the solution with which it is moistened, 
until all the salt is washed away. If a test-tube be filled to a third with water, 
moistened on the outside with solution of calcium chloride, heated to boiling over a 
flame, and then introduced into the vapour-space of a flask in which water is boiling, 
the water in the tube will be thrown into violent ebullition, lasting for about a 
minute, in consequence of the rise of temperature caused by the absorption of the 
steam by the calcium chloride. The temperature produced in a saline solution by the 
absorption of aqueous vapour is, however, always a little below the boiling point o± 
the solution, in consequence of the cooling action of the vapour which is in excess : 
hence also a strong stream raises the temperature less than a weaker one. 

The aqueous vapour given off from a boiling saline solution has, according to 
Miiller, a temperature of only 100°, whereas, according to Magnus and Wiillner, its 
temperature is nearly the same as that of the solution itself. Miiller considers that, 
if steam at 100° passed as above mentioned into a solution of calcium chloride, can 
raise its temperature to 147*5®, the vapour -which forms within the boiling liquid may 
act in the same manner, and this view he regards as corroborated by the following 
facts : (1). The boiling of the liquid, that is to say, the tumefaction produced by the 
rising of vapour-bubbles to the surface and there bursting, begins below the maximum 
temperature, which is afterwards only gradually attained. A solution of calcium 
chloride, for example, having a maximum boiling point of 126°, begins to boil at 110®, 
and the temperature rises to 126° in about thirty seconds. (2). Saline solutions of 
high boiling point exhibit a higher temperature in gentle than in violent ebullition. 
The above-mentioned solution of calcium chloride showed a temperature of 126° -when 
it boiled strongly, and of 127*5® when it boiled gently. If the flame he taken away 
from imder the Hquid while boiling -violently, the thermometer is seen to rise 1 or 1-5 
degrees. These effects may be explained by supposing that the vapour of water 
which rises through boiling saline solutions has a temperature of only 100®, and that 
the rise of temperature in the liquid is due to the absorption of a portion of it, while 
a rapid stream of vapour has a somewhat cooling effect. The bubbles of vapour which 
rise -within the liquid act, in short, in the same manner as vapour introduced from 
-without. Wiillner {Ber. x, 256) remarks that facts similar to those described by 
Miiller as to the heating of saline solutions to their boiling points by the action of 
aqueous vapour at 100® were noticed more than fifty years ago by Faraday and by 
Gay-Lussac {Ann. Chim. Bhys. 1822), and that the latter states, as the result of direct 
experiment, that the temperature of the vapour evolved from a liquid under any 
pressure whatever is always the same as that of the stratum of liquid in immediate 
contact with it. Pfaundler {Ber. x. 463) objects, on theoretical grounds, to the views 
put forward by Muller, who, on the other hand, still maintains, on the ground of the 
experiments above cited, and of others not yet published, that the bubbles of vapour 
which rise in saline solutions have, at the moment of their formation, a temperature 
of only 100®, and that the higher temperature which they may exhibit on emerging 
from the liquid is due to their becoming overheated by conduction, more or less 
according to the depth of the bath {Ber. x. 1327). 

From observations on the boiling points of solutions of calcium chloride, 
H. Hammerl {Wien.A^ad. Ber, [2 Abth.], Ixxii. 8) deduces the interpolation equation : 

t = 0*05l9i> + 0-011163i?2, 

in which t denotes the excess of the boiling temperature above that of water, p the 
percentage of CaGP in the solution : 


3 q 2 
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T 

t 

^Calc. 

, Obs.' 

14-3 

3*0 

: 2*7 

28*6 

10*6 

10*9 

41-5 

2T3 

20*5 

51*9 

32*8 

31*8 

58-4 

40*5 

40*3 

64‘6 i 

50-1 

51*2 f 

70*8 1 

59*8 

62*4 ' 


whence also may he calculated the following more convenient form of table : 


. 

5 

10 

15 

20 

25 

30 

35 

. . 

40 

45 

50 

55 

60 

65 

70 

t . 

0*5 

T6 

3*2 

5-5 

8*3 

1 

11-6 

1 

15*4' 

t 

19*9 

24'9 

1 1 

30*5 

L „ 

l36*6 

1 1 

43*3 

50*6 

58*4 


Boiling of Over-heated Liquids. — It is well known that a liquid heated in a 
vessel of glass or other material having a smooth surface may often be raised several 
degrees above its ordinary boiling point without actually boiling, and that the intro- 
duction of fragments of glass or other substances vill then throw it into sudden and 
violent ebullition. Experiments on this subject have been made by G-ernez {Ann. 
Chion. Vhys. [5], iv. 335-401), from which he infers that solid bodies which determine 
the ebullition of over-heated liquids lose this property when they have previously been 
strongly heated ; and those which do not act chemically on the liquids, no longer give 
rise to, the formation of vapour bubbles after they have been used for some time to 
keep up the boiling. Bodies which have not been in contact with the air, and contain 
no air or gas in their interior, are without action on superheated liquids, but bodies 
which have been rendered inactive by the action of heat, or by prolonged immersion 
in a boiling liquid, recover their activity after exposure to the air ; in fact, the boiling 
of superheated liquid is set up by contact with an atmosphere of gas. Gernez regards 
boiling as the evaporation of a liquid at the temperature of the normal boiling point 
towards the surfaces of gases, which are either introduced into the liquid from without, 
or developed within it in consequence of the heating of gas-solutions above the limit 
of supersaturation. An indefinitely small quantity of gas is sufifieient to set up the 
boiling, which may then continue for any length of time, as each bubble of vapour 
which escapes leaves behind it a very small bubble capable of exciting further 
ebullition. 

Critical observations on the experiments and conclusions of Gernez have been 
published by C. Tomlinson {Bhil, A/h^.'[4], xlix. 432-448 ; 1. 85-100). 

Distillation of Liquids not miscible with Water in a current of 
Steam. — Experiments on this kind of distillation have been made by A. JSTaumann 
{Ber. X. 1421, 1819, 2014, 2099) on benzene, toluene, oil of turpentine, carbon tetra- 
chloride, nitrobenzene, ethyl bromide, ethyl benzoate, and naphthalene, the first three 
of which are specifically lighter, the last five heavier than water. The boiler used 
for the lighter liquids was an upright tubulated receiver, into the lower part of which 
the steam was passed laterally in such a manner that, during the entire distillation, 
tJie orifice of the tube which conveyed the steam was never covered by the condensed 
water there collected, but was always immersed in the supernatant liquid, which 
formed a turbid mixture of water-drops with the other liquid. Eor the heavier 
liquids, in order to diminish the quantity required, a cylindrical tube, narrowing 
towards the bottom, was used. The mixture of liquids which distilled over was 
collected in graduated tubes ; and after the water had been completely separated from 
the other liquid, the volumes of the two were measured, excepting in the case of 
naphthalene, in which the proportions were determined by weighing. 

The following general laws were found to hold good for each of the eight fluid 
mixtures investigated: (1). A constant boiling point lower than that of the less 
volatile constituent. (2). A constant ratio of the constituents distilled over. (3). 
The ratio of the two constituents in the distillate, expressed in the known molecular 
weights deduced from the normal vapour-densities, is equal to the ratio of the vapour- 
tensions of the two constituents at the temperature of the mixed vapour. (4). The 
temperature of the mixed vapour is mostly above that of the liquid mixture. 

These regularities are independent of the height of the space above the boiling 
mixture filled with the mixed vapours, but they presuppose that the layer of liquid 
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above the point T\iicre the vapour enters, shall not, in moderately rapid distillation, 

sink below 50 mm. , , . . . 

The following table shows the mean values deduced from numerous observations : 


Substance 

Molecular 

fonnula 

Specific gravity 

Of the substance alone | 

(uncorr.) 

1 o 

1 c:: 

Of tbe liciuid 1 E' 

mixture 1 

! o 

B 

Temperature of tbo i 

mixed vapour ' 

o 

0 

1 

0 

1 

'S 

mm. 

c 

11^ 

||- 

.3 « 

•2 ^ 

1 

m * M 

^3 Eatio of tbe vapour-tension of tbe water 
'• to that of the other liquid at tbe tem- 
^ peratiu-e of tbe mixed vapour 

Benzene . 


0-8773 

79-5° 

68-0° 

69-1° 

742 

0-41 

0-42 

■ Toluene 


0-8657 

308-5 

S2-4 

84 

752 

1-27 

1-26 

Turpentine oil . 


0-8827 

160 

93-2 

94-8 

745‘5 

6*6 

5*83 

Carbon Tetrachloride . 

CCF 

1-599 

76-1 

65-7 

66-7 

747 

0-36 

0-36 

Nitrobenzene 

C^H^NO- 

1-2060 

208 

98-6 

99 

753 

38-5 

33-3 

Ethyl Bromide . 

C-H^Br 

1-4069 

72 

37 

37 

741 

0-064 

0-065 

Ethyl Benzoate . 


1-048 

213 

98-7 

99-1 

751 

49-91 

45-99 

Naphthalene 

QIOHS 

— 

218 

97-4 

98-8 

750 

38-98 

36*4 


From the law enunciated in (3), and established by the numbers in the last two 
columns of the preceding table, may be deduced a method of determining molecular 
weights by distillation or sublimation in indifferent vapours or gases. Let g denote 
the weight of one constituent of the distillate, m its molecular weight, and its 
vapour-tension at the boiling temperature t of tbe mixture and the barometric 
pressure h ; also let G denote the weight of the other constituent of the distillate, 
M its molecular weight, and P its vapour-tension, likewise at the boiling temperature 
measured in the mixed vapour ; then 


and if the molecular weight M be the quantity sought, we have 

M = 

gV 

If one of the bodies is water, m=lS; p must be sought in Eegnault’s table of tbe 
tensions of -water-vapour (iii. 93 ; also Belation des E^xperiences, ^e. p. 489) ; g and Gl- 
are the relative w^eights in the distillate of water and the body under examination ; 
and P = 5 —p. If a liquid or solid body which does not boil wdthout decomposition, 
has at any temperatures a vapour-tension of only a few millimeters, there will most 
probably be found another body, boiling within these same temperatures, in which 
the body in question does not dissolve, and in whose vapour it can be volatilised, so 
that its molecular weight can then be determined in the manner above described. 
This method of determining molecular weights is likely to be especially useful in 
cases where the ordinary methods are inapplicable. 

Evaporation. Experiments on the rate of evaporation of volatile liquids, such 
as ether and carbon sulphide, in open and in closed vessels have been made by J. 
.Stefan (THe??. Akad. Ber. [2 Abth.], Ixviii. 385-423). The experiments were made 
with rather narrow tubes, in order to avoid as far as possible the great lowering of 
temperature consequent on rapid evaporation in shallow vessels. Experiments on 
evaporation from open tubes into the air led to the following conclusions. The rate 
of evaporation of a liquid from an open tube is inversely proportional to the 
distance between the level of the liquid and the open end of the tube, provided this 
distance exceeds about 10 mm. It is independent of the diameter of the tube (0-6 to 
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6 ;mm. in the experiments quoted). The rate is proportional to the logarithm of a 
fraction having for its numerator the atmospheric pressure, and for its denominator 
this pressure diminished by the maximum vapour-tension. For the ease in which 
this tension is equal to the atmospheric pressure, the fraction representing the rate of 
evaporation becomes infinitely great, and the law then denoF>s another process, viz. 
ebullition. These laws may also be deduced from the theoretical discussion of the 
experiments founded on the mechanical theory of gases. 

To study the rate of evaporation in closed tubes, a tube closed at one end was 
plunged by its open end into ether, whereupon bubbles were given pif, somewhat 
quickly at first, afterwards more slowly, their rate of evolution being' regulated by 
the following simple law : The times in which egtial numbers of success vc bubbles are 
evolved follow the law of the uneven ^lumbers, 1, 3, 5, &c. If the tube contains 
hydrogen instead of air, the same number of bubbles is evolved in one-fourth of the 
time. As the number of bubbles gives a measure of the quantity of vapour formed, 
it follows, from the fact just stated, that ether evaporates in hydrogen gas four times 
as quickly as in air under similar circumstances. This result was confirmed by means 
of an apparatus in which a liquid could be left to evaporate in any given gas, under 
circumstances similar to those of evaporation in the open air, the ethe:^ being then 
found to evaporate in hydrogen 3*7 times as fast as in air. 

When a tube provided with a stop-cock is dipped into ether with the cock open, 
and the cock is then closed, the level of the liquid ^vithin the tube sinks below the 
outer level, and the depths to which the inner level sinks in given times are propor- 
tional to the square roots of these times ; or the quantity of vapour evolved in a given 
time is proportional to the square root of the time. This law agrees with that above 
stated as to the evolution of bubbles. Both laws, however, are true, not uncondi- 
tionally for all times, but only for the beginning of the process. They may be re- 
garded as exact until about half the quantity of vapour has entered the tube that is 
required for complete saturation* They are strictly true, as the theory of these 
experiments shows, for a tube of infinite length, and no deviation from them is 
perceptible so long as the partial pressure of the vapour which arrives at the closed 
end of the tube falls within the errors of observation. A tlieoretical investigation 
of the question shows that the evaporation of a liquid in a gaseous mixture leads to 
an alteration in the proportions of the constituents of that mixture, in consequence of 
which the more diffusible gas is found in the neighbourhood of the evaporating liquid 
in greater proportion to the less diffusible than in other parts of the space. If, 
therefore, a liquid be left to evaporate in a tube filled with detonating gas, the 
quantity of hydrogen in the neighbourhood of the liquid is relatively greater than in 
the other parts of the tube. Since now the nature of the gas in which a liquid 
evaporates has an essential influence on the rate of the evaporation, we ought in 
strictness, when discussing experiments on evaporation in the air, not to regard the 
air as a simple gas. But the difference between the behaviour of nitrogen and of 
oxygen is so small, that in diffusion-processes, the air may be regarded as a simple 
gas without sensible error. 

Evaporation in Gases. — Experiments on the rate of evaporation in difi:brent 
gases have been made by W. Kirchman {Arch. Tharon. [3], ix. 423-427). Equal 
quantities of camphor were introduced into eight glass vessels of the same size and 
shape, four being filled with air and the other four with carbon dioxide. After all 
the eight glasses had been exposed for some weeks to the same fluctuations of temper- 
ature, those filled "with air were found to be covered with thick layers of camphor, 
while in those filled with carbon dioxide, the camphor remained at the bottom almost 
intact, the sides of these vessels being merely lined with a thin film of camphor 
crystals. Hence it appears that the volatilisation of the camphor is sensibly affected 
by the quality of the gas, just as the manner in which a solid body dissolves in a 
liquid is essentially affected by the nature of that liquid. Further experiments 
showed that carbon dioxide is also a relatively less favourable medium of evaporation 
than air for the terpenes, for chloroform and for carbon disulphide, but, on the 
contrary, a better medium for ethyl oxide, for methyl, ethyl, and amyl alcohols, and 
for water. Moreover, dry carbon dioxide was found to be an excellent medium for 
removing water from freshly distilled volatile oils. Air removes chlorine from 
chlorine-water even when not saturated; but the strongest chlorine-water is com- 
pletely deprived of chlorine by passing through it scarcely more than its own 
volume of carbon dioxide. 

The following proportions between the rates of evaporation of liquids in different 
gases have been observed by Gr. Baumgartner {Wien. AJead. Ber. [2 Abtli.], Ixxv. 313, 
680). 
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In Air 

For J3tlier .... 1 

„ Carbon Bisulpiiide . . 1 

„ Chloroform . . 1 

,, Alcohol .... 1 


In Carbon 

In Hj. 

In Coal- 

Dioxide 

drogeu 

gas 

0*80 

3*33 

1*50 

0*81 

3*35 

1*60 

0*64 

3*65 

1*69 

— 

3*58 

1-80 


Baturaiioii of Air vyith Jfd^or-vajjotir, and De&iccatmi of Air . — From experiments 
by H. C. Bibbits (Zeitschr. anal Chem. 1876, 121-170), it appears: (1). That air 
which has been dried by means of strong sulphuric acid becomes completely saturated 
with water-'\ apour by passing through water at a maximum rate of 30 litres per hour. 
'2). Air drivd as described may be saturated with water- vapour by being caused to 
pass over the surface of water, provided that the surface of water exposed be not 
very small compared with the rapidity of the flow of air. (3). Concentrated sulphuric 
acid (containing not more than 8'4 per cent, water), dries air at temperatures up to 
about 25° so thoroughly that 100 litres do not give up to phosphoric anhydride more 
than 0*0002 gram. (4). If the temperature be higher than 25° or 30°, sulphuric acid 
does not desiccate air so completely ; yet the quantity of water-vapour contained in 
1 litre of air dried by means of sulphuric acid at 50° amounted to less than 0*0001 
gram. 

Phosphoric anhydride may be said to effect an almost absolute desiccation of air, 
the quantity of aqueous vapour left by it in a litre of air not exceeding an extremely 
small fraction of a milligram. 

The desiccating power of calcium cliloride is much affected by temperature. If 
air dried by passing over this salt at a given temperature be brought into contact 
'w*ith a fresh quantity of the same salt at a lower temperature, a further desiccation 
takes place ; but if the second portion of calcium chloride be maintained at a higher 
temperature than the first, the air becomes nioister. By passing a gas, already dried 
over calcium chloride, through a system of tubes containing equal weights of calcium 
chloride, positive or negative alterations in weight may be obtained, according as the 
different parts of the system possess a higher or lower temperature. If the tempera^ 
ture at the beginning of the system of tubes be the same as that at the end, the 
algebraic sum of the weight-alterations is always = 0 ; if these two temperatures differ, 
the system suffers a positive or negative weight-alteration, in proportion to the 
difference of temperature between the first and last tubes. 

The following table of the weights of water-vapour contained in 1 litre of satiirated 
air is calculated from the vapour-tension determinations of Eegnault and of Magnus : — 


Weight of water-vapour Weight of water-vapour 

in milligrams in milhgi-ams 

A ^ .1 


Temperature 


Magnus 



Regnault 

Temperature 



Magnus 

Regnault 

-20° 


. 1*046 

1-058 

4-1° 



5*131 

5*209 

19 


. 1*136 

1*146 

2 



5*495 

5*570 

18 


. 1*234 

1*241 

3 



5*881 

5*953 

17 


. 1-338 

1*342 

4 



6*291 

6*359 

16 


. 1*450 

1*450 

5 



6*725 

6*789 

15 


. 1*571 

1*567 

6 



7T85 

7*246 

14 


. 1*701 

1*693 

7 



7*672 

7*730 

13 


. 1*839 

1*829 

8 



8*188 

8*242 

12 


. 1*988 

1*975 

9 

.* 


8*733 

8*784 

11 


. 2*147 

2*131 

10 



9-310 

9*356 

10 


. 2*317 

2*299 

11 



9*919 

9*961 

9 


. 2-499 

2*481 

12 



10*563 

10*600 

8 


. 2-694 

2*676 

13 



11*243 

11*275 

7 


. 2*901 

2-886 

14 



11*960 

11*987 

6 


. 3*122 

3-112 

15 



12*716 

12*738 

5 


. 3-358 

3*355 

16 



13*514 

13*531 

4 


. 3-610 

3*617 

17 



14*355 

14*366 

3 


. 3-878 

3*898 

18 



15*240 

15*246 

2 


. 4*163 

4*201 

19 



16*171 

16*172 

1 

0 


. 4*466 

. 4*788 

4*527 

4*868 

20 



17T52 

17*147 


Condensation of Vapour. — The results of experiments by Pasley on the con- 
densation of aqueous vapour mixed with air on cold surfaces are summarised by 
0. Eeynolds (Proc. i?oy. Soc. xxi. 275) as follows: (1). The presence of a small 
quantity of air in aqueous vapour, produces considerable retardation in the condensa- 
tion of the vapour on a cold surface. The condensability of pure vapour appears to 
depend only on the heat-conducting power of the condensing surface. (2). In conse- 
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qupnee of this action of the air, the size of the surface-condenser of a steam-engine 
must be increased according to the quantity of air mixed with the vapour. (3). By 
the mixture of air with steam before the latter comes to be used, the condensation 
may be diminished and the efficiency of the engine thereby^impaired. (4). Nearly 
the greatest possible efficiency is attained, when the pressux^e of the air amounts 
to of that of the steam, or when about 2 cubic feet of air at_ 1 atm. at 16° are 
present to 1 pound of steam. According to Reynolds, the diminution of condensability 
of a vapour by admixture of air may be ascribed, as pointed out by Siemens, to the 
fact that the layer of air continually interposed between the condensing surface and 
the vapour must he penetrated or displaced by the latter before the con tensation can 
go on. ’ 

Heat of Chemical Combination. 

The principal data of Thermochemistry have been collected and arranged by Ber- 
thelot (Ammairepour VAn , jouhlie par le Bureau des Longitudes, pp. 395-442) in 
the following tables, In the column headed ‘Authors’ Al denotes Aliuard; A, An- 
drews ; B, Berthelot ; B, Bulong ; Bs, Besains ; Bt, Ditte ; Bev, Beville ; F, Favre ; G-, 
Grassi ; Gh, Graham ; H, Hautefeuille ; Hs, Hesse ; L, Louguinine ; F, person ; R, 
Rcgnault ; T, Thomsen ; Tr, Troost ; S, Silbermann ; "W, Woods. Numbers not deter- 
mined by experiment, but obtained according to analogy by calculation, are distin- 
guished by a star. The numerical data denote kilogram-degrees, or thousands of 
gram-degrees. 

Table I. — Formation of the most important Chemical Compounds, the Elements and 
Compoxvnds being referred to the state in which they exist at 15°. 


■ 

Compound 

Constituents 

Mol- 

ecule 

Heat erolved 

Authors 

Gaseous 

Liquid 

Solid 

In 

solution 

Hydrogen Chloride 

H, Cl 

3G-5 

+ 22-0 


__ 

+ 39-3 



Bromide 

H, Br(i) 

81 

+ 8-4 





+ 28-4 


T. 

„ Iodide . 

H, I 

128 

- 6-2 

— 

— 

+ 13-2 


B,, Hs., F. a 

S.. a.. A .. T 

Water . . . . 

H3, 0 

18 

+ 47*2 

+ 69*0 

+ 70-4 

— 


Hydrogen Dioxide 

m, 02 

34 







+ 46-6 

F. a. S., T., B. 

„ Sulphide \ . 

IP, s 

34 

+ 4-6 





+ 9-2 

H., T. 

„ Selenide 

H2, Se 

81 

- 5*4 







H. 

Ammonia 

N 

17 

+ 26-7 




+ 35-2 

J. 

Hydroxylamine . 

H3, N, 0 

83 

— 

— 



+ 47-4 

B. 

Acetylene (C=:Biam.) . 

C*, IP 

26 

-64*0 



_ 

B. 

Ethylene 

C«, H* 

28 

- 8-0 

— 

— 

— 

) B., F. a. S., 

) A., T. 

Dimethyl or Ethane 

2(C, IP) 

80 

+ 28-0* 







1 B., F. a. S., 

Methane 

c, m 

16 

+ 22-0 





— 

) A. 

Nitrogen Monoxide 

m, 0 

44 

-18-0 

— 13*6 




F. a. S. T. 

„ Dioxide . 

N, 0 

30 

-43-3 









„ Trioxide 

N2, 03 

76 

-65*6 





- 17-8 



„ Tetroxide 

N, 02 

46 

-24-3 

- 20-0 







„ Pentoxide 

N2, 05 j 

108 

-44-6 

- 39-8 

- 31-6 

- 14-8 



Nitric Acid . | 


63 

— 


- 14-G 
+ 19-9 

- 7-4 

+ 27-1 


[ 

Hyposulphurous Acid . 

S, 0, H20 

66 

— 

— 



+ 17-4 



Thiosulphuric Acid 

S2, 02, H20 

114 

— 

— 

— 

+ 586 

T- . 

Sulphur Dioxide . 

S,02 

64 

+ 77‘6 



+ 85-2 


JG., Ms., 

F. a. S., A. 

Sulphur Tri oxide . 

( 

S, 03 

80 





+ 111-6 

+ 149-4 



S02, 0, H20 

^ 98 

— 

+ 54*4 



+ 71-4 


D., Hs.,F.f 

Sulphuric Acid . -j 

S, 03, H20 

f98 

— 

+ 132-0 

+ 133-0 

+ 149-0 


S., A., T., I 

S, Ob H2 

) 98 

— 

+ 201-0 

+ 202-0 

+ 218-0 



Sulphuric Monohydrate 

S04H2, H20 

116 

— 

+ 6-2 

9-0* 



B. 

Phosphorus Pentoxide . 

Pb 0“^ 

142 

— 



+ 363*8 

+ 405-1 



Arsenic Trioxide . 

Asb 03 

198 

— 

— 

+ 154-6 

+ 147-0 


T. 

„ Pentoxide 

As2, 03 

280 

— 

i 

+ 219-4 

+ 225-4 



Boron Trioxide (Amor- 
phous B.) . 

B203 

70 

— 


+ 317-2 

+ 325-G 

Tr. a. H. 


(’•) The quantities of heat evolved, when botli substances are assumed to bo sasoous, are for HBr -l-12'4 : for 
-0'6 ; for H=0 +59'0 ; for H“3 +7-2 ; for 80“ -i-80-2 ; for C0“ + «n-0. 
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Table I. — continued. 


— — ~ 

i 

Constituents 

Mol- 

Heat evolved 

Authors 

Compound 

ecule 

Gaseous 

Liquid 

Solid 

In 

solution 



! Chlorine Monox. Je 

1 Trioxide . 

CP, 0 

02 

87 

119 

— 15-2 

— 

- 

- 5*8 

T. a. B. 

1 „ Tetroxide 

CP, 0^ 

135 

— 

— 

— 

— 


1 Chloric Acid . 

C1-, 403 + iH20 

84*5 

— 

— 

— 

- 12-4 

B. 

1 Carbon Dioxide . \ 

b, 02 

44 { 

+ 94-0 


+ 100-0 

+ 99-6 

1 F. a. S. 

I C= Diamond 1 

* C = Amorphous i 

+ 97-0 

— 

+ 100-3 

+ 102*6 




1 Carbon Monoxide . ) 

G, 0 

28 { 

+ 25-0 





1 P. a. S., G., 

1 C= Diamond r 

1 C=Amoiphous ' 

+ 28-0 

— 

— 

— 

) A.,J.B. 



Carbon Disnlpliide ] 

C= Diamond r 

C, S2 

76 { 

- 15-6 

- 12-6 

- 9-2 

- 6-2 



— 

} F. a. S. 

G= Amorphous i 






Silica . . . ] 

Si = Amorphous 'r 

Si, 02 

60 

— 

- { 

+ 219-2 
+ 227-3 

— 

} Tr. a. H. 

Si— Cn*stallised i 


134 





Stannous Oxide . 

Sn, 0 

— 

— 

+ 70*2 

— 

D., A., W. 

Stannic Oxide 

Sn, 03 

150 

— 

— 

+ 141-2 

— 

D., A. 

Nitrogen Chloride _ . 

N, CP 

120-5 

— 

-381 

— 

— 

D. a. H. 

Phosphorus Trichloride . 

P, CP 

137-5 

+ 68-9 

+ 75*8 

— 

— 

\ 

„ Tribromide . 

P, BP 

271 

— 

+ 42*6 

— 

— 


„ Pentacldoride { 

P, CP 1 

PCP, CP 

} 208*5 

— 

- { 

+ 07-8 
+ 32-0 

— 

1 B. a.L. 

; ,, Oxychloride 1 

P, CP, 0 

PCP, 0 

} 153-5 

— 

+ 142-4 
+ 66-6 

z 

— 

1 

i Arsenic Trichloride 

As, CP 

181-5 

+ 66-2 

+ 74-6 

— 

— 

1 A 

1 Antimony Trichloride . 

Sb, CP 

228-5 

— 

— 1 

+ 86*8 

— 


i Boron Trichloride . 

B, CP 

117-5 

+ 104-0 

— 

— 

— 


1 Silicon Tetrachloride "j 

1 Si = Amorphous f 

Si, CP 

170 { 



+ 157-G 
+ 165-7 

— 

— 

■ T. a. H. 

i vSi=Ctystallised ) 

C,N 

26 

+ 41-0 




Cyanogen (C, Diamond) 

— 

— 

+ 8-0 

D. 

i Hydrogen Cyanide „ . 

C, N, H 

27 

+ 14-1 

- 8-4 

— 


Potassium „ . 

C, N, K 

65-1 

— 

— 

+ 45*7 

+ 42 9 


Ammonium „ . 

C, N2, H-i 

44 

— 

— 

+ 32-7 

+ 28-3 


Mercury . 

2C, 2N, Hg 

262 

— 

— 

- 20-4 

- 23-4 


Silver „ . 

C, N, Ag 

134 

— 

— 

- lS-6 

— 

B. 

Cyanogen Chloride 

C, N, Cl 

61-5 

- 21-5 

- 13-2 

— 

— 


„ " Iodide . 

C,N,I 

153 

— 

— 

- 23-1 

— 25*9 


Potassium Cj'anate 

G, N, K, 0 

81-1 

— 1 

— 

+ 116-5 

-111-3 


Ozone .... 

0, 02 


- 29-6 

— 

— 

— 



Table II. — Worniation of Solid Salts from Acid and Basic Oxides^ hath 
in the solid state. 


Nitrates 


N20^ BaO . . . 1 

+ 8P4 

N-’0^ SrO . . . 1 

76*2 

WO^, CaO . . . 

59 2 

K^O^ PbO . 

40*2 

N-0^ Ag'^O . 

38-4 

C03, BaO 

50-0* 


Sulphates 


S03, H^O . . . 

+ 19*8 

SO’, BaO . . . , 

102*0 

SO^ SrO ... j 

95*6 

SO’, CaO . . . ! 

84*0* 

SO®, PbO . . . 1 

1 60-8 

SO®, ZnO . . . ^ 

! 45-0 

SO®, CuO 

1 42*6 

SO®, Ag-0 . . . ! 

56*0 
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Table III . — Formation of Solid Salts from Gaseous Acid Oxides and 
Solid Basic Oxides, 


BaO . . . 


(C^H=0“)=, BaOf. . 

+ 7()’0* 

K^O^ CaO . . . 

+ 67‘6 

CO= BaO 

* +56*0 


Table 1Y .--Fomnation of Solid Salts from Solid Acids and Bases. 
Acid + Base = Salt + Wafer (solid). 


Metals 

§8 

gw 

■ib 

■^g 

So 

OIL 

03 tri 
cq m 

p 

i| 

o 

Sulphate, 

Gj ^ 

"Sob 

rtOO 

w — 

O r*^J 

r. 

HttW 

oo 

K 



+ 25-5 

+ 21*9 

+ 22*5 

+ 30*5 

+ 81*4 

+ 29*4 

+ 27-1 

Na 



23*2 

18*3 

17*4 

24*3 

69*4 

26*5 

2*2*9 

Ba 



37-0 

30*4 

— 

— 

66*0 

20*8(0 

. — 

Br 



33-4 

29*4 

— 

— 

59*0 

21*3(0 

— 

Ca 



27*0 

21-2 

16*4 

— 

49*4 

18*9(0 

16*7(0 

Mn 



15-2 

9*0 

— 

— 

31*2 

13*2(0 


Zii 



12*4 

6*6 

— 

— 

23*8 

11*5' 0 

_ 

Cii 



10*8 

8*6 


— 

21*0 

— 



Pb 



18*2 

10*2 

— 

— 

39*8 

13*1 

— 

Ag 



9*1 

7*6 

— 

— 

35*8 

12*0 

— 


(^) These numbers relate to the precipitated hydrated salts. 


Formation of Solid Ammonium Salts. 
Table V . — From Solid Acids and Gaseous Bases. 


Formic acid 

HCO^H 

+ NH3 

+ 21-0 

Acetic j, . . . 

CH“C0“H 

+ NH3 

18*0 

Benzoic „ . . . 

C«H=C02H 

+ NH’» 

17*0 

Picric ,, 

Sulphuric,, 

C«H'(NO=)=OH 

+ NH3 

22*9 


+ NH» 

33*8 

Oxalic „ . . , 

,\comi 

5iC0"-H{ 

+ 1S1H3 

24*4 


Table VI . — From Gaseous Acids and Gaseous Bases. 


Hydrochloric acid . 

HCl 

+ NH« 

+ 42*5 

Hydrobromic „ * 

HBr 

+ KH2 

45*6 

Hydriodic „ 

HI 

+ NH» 

44*2 

Hydrocyanic ,, 

H(CN) 

+ NH3 

20*6 

Hydrosulphuric,, 

H'S 

+ NH^ 

23*0 

Acetic „ 

C-H^CO“H 

+ NH3 

27*0 

Formic . 

HCO-H 

+ NH^ 

29*0 

Nitric „ 

HNO« 

+ NH3 

30*0* 


Table VII . — From Acid Oxides, Water, and Bases, all three Gaseous. 


Nitrate .... 

P'iO^ + ilPO 

+ NH8 

+ 47*1 

Nitrite .... 

iN20^ + iH=0 

+ NH3 

S3 7 

Acetate .... 

i(C-ff0)"0 + iH-0 

+ NH» 

41*0* 

Acid Carbonate 

CO^ + H^O 

+ NH3 

30*4 

Formate .... 

C02 + H20 

+ NH3 

31*6 
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Table YIII * — From the Gaseous Ele^Tienfs. 


Ammonium Chloride ; . 

Cl + + N 

+ 91-2 

„ Iodide .... 

I (gas.) + + N 

70‘o 

,, Hjdrosulphide 

S (gas.) + ff + N 

56'9 

„ Nitrite .... 

0^ + H* + N2 

57*6 

„ Nitrate .... 

03 + H^ + N2 

80*7 

Hjdroxylai 'ine Hydrochloride 

Cl + + N +0 

7o’C 


Table IX . — Formation of Metallic Oxides, according to Thomsen. 



1 Heat evolved 


Mol- 

ecule 

Heat evolved 

Constituents 

i 

JJlOi- 

ecule j 

Solid 

In solu- 
tion 

Constituents 

Solid 

In solu- 
tion 

K, iO, |H-0 . 

5 + 69-8 
^ ) 104-3 

+ 82-3 

Fe, 0 

72 

-i- 68*2 



! K, It, 0 . 

116-8 

Fe-, 03 . 

160 

191-2 

— 

Xa, },0, . 

1 40 5 

5 ( 102-3 

77-6 

Zn, 0 

81 

85-4 

— ! 

Xa, H, 0. 

112-1 

Zn, 0, H^O 

99 

82-6 

— i 

Li. -JO, m-0 . 1 

1 «>4 5 

83*3 

Cd, 0 

128 

65*6 

— 

Li, H, 0" . 

24 

117-8 

Pb, 0 

223 

50*2 

— 

N, ff, H=0 . ; 

X, HS 0 . 

-1 

35-2 

104-2 

T13, 0 

TP, 0, H^O 

i 424 
442 

42*2 

45*4 

+ 39*2 
39*2 

Mg, 0, H-0 . i 

') °° i 218-0 

— 

Cu^, 0 

142*8 

40-8 

— 

Mg, h:=. 0- 
Al, liO. 1JH=0 

— 

Cu, 0 

79*4 

37*2 

— 

78*4 ! 194-4 

— 

Hg^ 0 . 

416 

42*2 

— 

Mn, 0 . 

71 ! 94-8 

— 

Hg, 0 . 

216 

30*6 

— 

Mn, 0= . 

87 1 116-2 

— 

Ag^ 0 

232 

6*0 

— 

Mn=, O’, ffO . 

240 1 — 

178-0 

1 





Table X . — Formation of Metallic Chlorides, Bromides, and Iodides, according to 

Thomsen. 


Constituents 

Mol- 

ecule 

Heat evolved 

Constituents 

Mol- 

ecule 

Heat evolved 

Solid 

In solution 

Solid 

In solution 

K, 

Cl 

74*6 

+ 105*6 

+ 101-2 

K, Hr 

U9-1 

+ 95*0 

+ 89-4 

Na, 

Ci . 

58*5 

97*7 

96*8 

K, I . 

166*6 

79-8 

74-7 

Li, 

Cl 

42*5 

93*8 

102*2 

Pb, Bri . 

367 

64*4 

— 

Mg, 

CP . 

95 

151*0 

187*0 i 

Pb, I- 

461 

39-6 

— 

Al, 

CP . 

132*9 

160*9 

237*8 ■ 

Cu, Br 

143*4 

25*0 

— 

Mn, 

CP . 

126 

112*0 

128*0 i 

Cu, I 

190*4 

16-3 

— 

Fe, 

cr- . 

127 

82-0 

100-0 ; 

Cu, Bri . 

223*4 

40*8 

— 

Fe, 

CP . 

161-5 

96*0 

127*7 i 

Hg, Br . 

280 

32*1 

— 

Zn, 

CP . 

136 

97*2 

112-8 

Hg, I 

327 

24*2 

— 

Cd, 

CP . 

183 

93*2 

96-2 

Hg, Br* . 

360 

50*6 

— 

Pb, 

Cl'^ . 

278 

82*8 

89-6 

Hg, P . 

454 

34-4 

— 

Tl, 

Cl . 

239*5 

48*6 

38*5 

Ag, Br 

188 

22-7 



Oil, 

Cl . 

98*9 

32*9 

— 

Ag, I 

235 

13*8 

— 

Cu, 

CP . 

134*4 

61-6 

62-6 

KCN. 

65*1 

86-7 

83*9 

Hg, 

Cl 

235*5 

41-3 

— 

Hg(CN)”- . 

252 

61-6 

58*6 

Hg, 

CP . 

271 

63-2 

59*8 

Ag, Cu . 

134 

22*4 

— 

Ag, 

Cl 

143-5 

29-4 

— 
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Table XI. — Formation of the most important Solid Salts of the Oxygen-acid^ from 
the Elements referred to their actual state, according to Bertheloi. 




N, 0\ K 

+ 97-0 



N, Na 

88-6 

Nitrates .... 


N-, 0^ 

80-7 



2N, 20^ Pb 

61-4 



N, 02, Ag 

6*5 


S, O S K2 

? 350-8 



S, OS Na2 

335-0 



S, 0*, Mg 

309-0 

Sulphates . . . . - 


S, OS Mn 

S, OS Pb 

256-2 

222-6 



S, 0*, Zn 

242-0 



S, OS Cu 

191-4 


V 

s, OS Ag 2 

136-4 

Thiosulphate .... 

ss OS 

m-8 

Carbonate 


0, OS K2 

277-8 

(Carbon = Diamond). 


0, OS Na2 

269-6 

Pormate 

0, H, K, 02 

155-1 

„ ..... 

0, H, Na, 02 

150-6 

Acetate 

CS HS K, 02 

174-2 j 


OS HS Na, 02 

168-6 1 

Oxalate 

OS KS 0‘ 

323-6 

>5 ..... 

OS Na2, 0^ 

313-8 


Table XII . — Heat of Formation of Organic Bodies from their Elements, Carbon 
crystallised. Hydrogen, Oxygen, and Mtrogen gaseous, calculated by Bertheloi from 
the Heat of Combustion and other Bata. 


Cyanogen, gaseous . . . . . | 

(CN)--' 

C-’, N- 

- 82*0 

Hydrocyanic Acid, gaseous . . ] 

C, N, H 

- 14-1 

„ liquid ... ) 

- 8-4 

Cyanogen Chloride, gaseous . . ) 

C, N, Cl 

- 21-5 

„ liquid ... ) 

- 13-2 

Cyanogen Iodide, solid .... 

C, N, I 

- 23-1 

Potassium Formate 

C, H, K, 02 

+ 155-1 

„ Acetate 

CS HS K, 02 

+ 174-2 

„ Oxalate 

Formation of a higher Homologue 

Conversion of Amorphous Carbon into ) 
Diamond ) 

CS K2, 02 

-1- 323-6 

(A), C, fl- 

+ 6-0 

+ 6-0 

Carbon Monoxide (0 = Diamond) . 

C, 0 

+ 25-0 

Carbon Dioxide ,, . . 

C, 02 

+ 94-0 

Acetylene ,, . . 

2(0, H) 

- 64-0 

Ethylene „ 

2(C,H2) 

- 8-0 

Dimethyl or Ethane ,, . . 

2(0, H2) 

+ 14-0* 

Methane „ . . 

C, H'‘ 

+ 22-0 

Amylcne, gaseous .... ) 

CS 

+ 5-4 

„ liquid .... i 

Diamylene 

+ 10-6 

2(CSH''’) 

+ 11-8 

Cetylene ....... 

C^S 

+ 118-0 

Lemon Oil ...... 

C‘S 

+ 20 

Turpentine Oil 

C>S 

+ 17'0 

Terebene 

C’S 

+ 42-0 

Benzene 

CS H« 

0* 

Methyl Alcohol 

C, HS 0 

+ 62-0 

Ethyl Alcohol 

CS HS 0 

+ 74-0 

Propyl Alcohols, normal and pscudo- 

CS HS 0 

+ 82-0* 

Amyl Alcohol 

CS H^S 0 

+ 06-0 

Cetyl Alcohol, solid 

C>S H^S 0 

+ 112-0 

Phenol 

, OS HS 0 

+ 34-0 
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Table XII. — continued. 


Dextrose (grape-sugar; .... 




-h 266-0* 

Ethyl Oxide ...... 

C^ 0 

+ 53-0 

Ethyl-amyl Oxide . . 

C^ 0 

■h 49-0* 

I Aldehyde, gaseous .... ) 

C^, H*, 0 

-i- 46-0 

„ liquid . ... I 

+ 40-0 

Acetone 

C^ 0 

+ 65-0 

1 Normal Propyl Aldehyde .... 

C*, Hs, 0 

+ 69-0 

i Formic Acid, gaseous . , . ^ 

„ ^liquid . . . . [ 

C, H2, 02 

+ 87-4 
+ 93-0 

„ solid .... 1 

Acetic Acid, gaseous . . . . \ 

„ liquid .... [“ 

C 2 , 02 

+ 95-6 
+ 109-9 
+ 116-0 

Acetic Anhydride, liquid .... 

cs H», QS 

+ 118-4 
+ 150-0 

i Eutyric Acid, liquid 

CS H 8 , 02 

+ 156-0 

i Valeric Acid ...... 

C^, 02 

+ 158-0 

Palmitic Acid, liquid .... 

C*®, H 22 , 02 

+ 223-0 

Oxalic Acid, solid 

02 , H 2 , 0 ^ 

+ 197-0 

Olein 

cs^ 0 ® 

+ 228-0* 

Ethyl Chloride, gaseous . , . ) 

o 

o 

+ 28-0* 

„ liquid . . . ) 

+ 34-4* 

Ethyl Iodide, gaseous (I, gaseous) . ) 

C2, I 

+ 7-0* 

,, liquid (I, solid) . . 1 

+ 12-7* 

Amyl Chloride, liquid .... 

C^ Cl 

+ 50-0 

„ Bromide 

C5, Br 

+ 34-0 

„ Iodide 

C^ I 

C 2 , m, N, 0® 

C 2 , H®, Cl, 0 

+ 19-5 

Ethyl Nitrate 

+ 30-7 

Acetyl Chloride 

+ 63-5 

5 , Bromide 

C 2 , H 2 , Br, 0 

+ 53-6 

„ Iodide 

C2, H2, I, 0 

+ 39-0 

Oxamide 

C 2 H-», N 2 02 

+ 169-0 


Table XIII. — Formation of the principal Salts hy means of very dilute acids (1 eg. acid 
dissolved in 2 ef 4 litres of water at 15°), according to Berthelot andTkomsen, 
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*o 

T3 

2 
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« rS 


3 


i .4 

'S. 

Base 

ydrocliloric 

HCl 

leq. =r 2 

'On 

1, 

•> 

■hw + 

Acetic aci 

1 eq. — 2 

.2" 11 
gS + 

o 

lo-^ 
.2W '1 

1-5 

•gWi! 

m 

■c S 

ts “ 

-3 W . 

1 5 

•2 

§§ II 

£? o 

-db 11 

i ^ 

'S 


W 














W 


o 

Soda (^) . 

13-7 

13-7 

13-3 

13-4 

14-3 

31-7 

7-7 

2-9 

20-4 

Potash . 

13-7 

13-8 

13-3 

13-4 

14-3 

31-4 

7-7 

3-0 

20-2 

Ammonia 

12-4 

12*5 

12-0 

11-9 

12-7 

2fl-0 

6-2 

1-3 

10-6 

Lime (2) . 

28-0 

27-8 

26-8 

27-0 

37-0 C) 

31-2 

7'8 

— 

19-6 C) 

Baryta, (‘) 

27-7 

27-8 

26-8 

27-0 

33-4 

36-8 

— . 


22-2 ^ 

Strontia (^) 

2S-0 

27-8 

26‘6 

27-0 

35-2 

30-8 

— 

— 

21-0 (®) 

Magnesia (2) . 

27-6 (’) 

27-6 C) 

— 

— 

— 

31-2 

— 



180 

Manganous Oxide (2) 

23-6 

23-4 

22-6 n 

21-4 

28-6 

27-0 

10-2 (8) 

1 — 

13-6 («) 

Ferrous Oxide 

21-4 

— 

19-8 

— 

— 

25-0 

14-6 



10-0^ ^ 

Zinc Oxide 

19-6 

19-6 

17-8 

13-2 

25-0 

23-4 

19-2 


10-0 

Lead Oxide . | 

15-4 

21-4 

15-4 

13-0 

13-2 

25-6 

21-4 (®) 

26-6 

— 

13-4 

Cupric Oxide . 

15-0 C) 

15-0 

12-4 

— 

— 

18-4 

31*6 



4-8 1 

Mercuric Oxide 

18-9 

— 

— 

— 

— 

— 

48-7 

31-0 


Silver Oxide . | 

— 

5-2 

4-7 

— 

12-9 

14-4 

55-8 

20-9 

13-8 

20-6 (®) 

— 

— 

— 

— 

— 

— 

— 



Alumina (^) . 

18-6 

— 







21-0 






Ferric Oxide (2) 

11-8 

11-8 

9-0 

— 

— 

11-4 

— 

— 

— i 


C) 1 eq. = 2 1. (=) 1 eq. = 25 1. O Precipitated. (*) 1 eq. = 6 1. (®) 1 eq. = 10 (®) Crystallised. 

(’) 1 eq. = 4 1. (®) Yery dilate. (“) Hydrate. 
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Tabi-e 'SlY,— Formation of the Alhali-salts of Folybasic acids, according to Bertheloi 
, a. Thomsmi (1 cq. of base dissolved in 2 litres of water, and every 1 voL acid dikitea 
with 1 vol, water at 15°). 


Acids 

NaOH 

KOH 


iBa(OH)» ' 

Sulplinric Acid, 


iNaOH 14-7 


14*6 

13*6 

— 

SO^H- 


2NaOH 31-7 


31*4 

29*0 

— 

Oxalic Acid, 


INaOH 13-8 


13*8 

— 

— 



2NaOH 28*6 


28*6 

25*4,' 

— . 

Tartaric Acid, 


INaOH 12-9 




— 

— 



2NaOH 25*9 


— 

— 

— 

Carbonic Acid, 


iNaOH 11-0 


11*1 

9-7 

— 

(aqueous CO-) 


2NaOH 20*2 


20*4 

12*4 bis 10*6 Q) 

— 

Boric Anhydride, 


INaOH 11*6 


— 

8*9 

— 



2NaOB: 19-8 


— 

11*6 

— 


INaOH 12*61 

w 

__ 

11.2 « 

iSA-'i ^ 

Citric Acid, 

2NaOH 12*8 

3NaOH 13*2. 

11 


11-2 0 
nJv 

14*3 

15*0 J 


4NaOH 8 to 0 F) 



0*2 

0-7 


{ 

INaOH 14-7 


— 

13*5 

— 

Phosphoric Acid, 


2NaOH 11*6 


— 

12*8 or 9-3 (2) 

— 

PO^H« 


3NaOH 7-3 


— 

6*8 or 0*2 (2) 

— 



4NaOH 1*6 (*) 

— 

— 



— 


IKOH 5-6] 1 

— 


Periodic Acid, 
I0^H.2H20 i 


— 


I- cc 

2KOH 12-4J X 

— 

— 



— 


3KOH 3*1 

— 





— 


4KOH 3*1 

— 

— 


(*) Variable according to concentration and excess of potash, 

(“) 12’8 at first, afterwards 9*3, in consequence of spontaneous decomposition of dissolved salts 
similarly 6*8 or 0'2 for 3 NH-’. 


Table XV . — Formation of Ethers from Alcohols {the constituents being supposed t 
be in the state which they assume at ordinary temperatures) according to Berthelot. 
Alcohol + Acid = Ether + Water ; Alcohol + Alcohol = Ether + Water. 


Name 

Formula 

Heat e 

Pure 

substance 

volved 

Substance 
dissolved 
in water 

Ethyl Chloride, liquid . 

G2H4.HC1 

+ 3-4* 



„ Iodide . . . , 

cm\m 

+ 6*0* 

— 

„ Acetate .... 

C2H\C2H202 

- 2*0 

- 1*8 

„ Oxalate .... 

(C2H0=C2O^ 

- 3*8 

- 35 

„ Succinic Acid {in solution) . 

C2H^020^H2 

— 

- 3*6 

Methyl Oxalate .... 


+ 1*6 

- 2*4 

Ethyl Nitrate .... 

C2H5.NO« 

+ 6*2 

~ 2*6 

Nitroglycerin (insoluble) 

C2HXNO=)2 

+ 14*1 

- 8*7 

Nitromannite (insoluble) . . i 

C6Hs(NO»)fi 

+ 23*4 

-15*0 

Ethyl Oxide .... 

C2H^(C2H20' 

- -3 

+ 0*5 

Methylsulphurie Acid . 

CH3(SO^H) 

+ 13*8 C) 

- 5*1 

Ethylsulphuric Acid . 

C2H^(S04H) 

+ 14*7 C) 

~ 4*7 

Isethionic Acid .... 

C2H«O.SO« 

+ 16-0 C) 

- 3*4 

Propylsulphuric Acid . 

C®H''.SO^H 

+ 15*9 (^) 

- 4-0 

Isopropylsulphuric Acid , , ' 

C^H^.SO^H 

+ 17T C) 

- 3*3 

Isobutylsulphuric Acid 

C'‘H^SO-'H 

+ 17-6 (0 

•- 2*2 

Amylsulphuric Acid . . . 1 

C*H“.SO^H 

-i- 19*6 C) 

- 0*2 

Glycerylsulphuric Acid 

C2H^02.S0^H 

+ 15*2 

- 3*2 


(^) Alcohols and acids pure ; alcoholic acids in dilute solution. (“) Kefers both to the constituen 
and to the compounds. 
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Table XVI . — Formation of Ethers and Alcohols iso, their Actual State from Hydro- 
carbons, according to Berthelot. 


■ { 


Ethyl Alcohol 

Pseudopropyl Alcohol 

Conversiou into Normal ) 
Propyl Alcohol . . j 

Ethyl Oxide . 

Amyl Chloride 
,, Bromide 

„ Iodide . . , . 

Ethylene Bromide ■ | 

Ethyl Acetate . . | 

Ethylsulphuric Acid . | 

Fropylsulphuric Acid . | 

Isethionic Acid . . | 

Benzenesulphonic Acid | 
Toluenesulphonic Acid | 

Sodium Benzenesulphonate . 
Barium Benzenesulphonate . 

Sodium Ethylsulphate . 
Barium „ 


Constituents 


C^H*, H’O gaseous 

IcPH*, H"0 Hquid 
(PH*, H^O gaseous 
C*H*, H“0 liquid 

C“H*0 

C=*H*, C’H*0 (gaseous) 

(PH*, C=*H*0 (Hquid) 

C*H^®, HCl 
C®H^*, HBr 
C®H^% HI 
C^'H*, Br^ (Uquid) 

C*H*, Br“ (gaseous) 

C*H*, C=H*0= (liquid) 
0=H*, C=H*0®'(gaseous) 
C*H*, SO*H= (pure) 

G“H% SO*H= (dilute) 
C»H% SO*H= (pure) 

0“H*, SO*H=* (dilute) 
C»H*, SO^ H=0 
C»H*, SO*H“ (dUute) 
C^H‘0, SO=* 

C*H*, SO* 

0‘H*, SO*H= (dilute) 
C’H*, SO’ 

C’H% SO*H’ (dilute) 
C’H*, SO’, NaOH 

2C«H*, 2SO’, Ba(OH)’ 

C’H’O, SO*H’, NaOH 
l2C*H*0, 2SO*H’, Ba(OH)’ 


Formula of (Compound 


C»H=(HO) 

C»H=(HO) {“^1 
C’H’(HO) Hquid 
ra’(HO) {“^'1 

C’H’(HO) 

|C=E’(C=»H’0) gaseous 
(Hquid 

C’H’(G»H’0) ] dissolved 
(in water 

C’H^’.HC1 

C’H«.HBr 

C’H^’.HI 

C’H*Br’ 

C=H*Br‘ 

C’H’(G’H’O’) 
G=H’(C’H’0’) 
C’H’(SO*H) dilute 
0’H’(S0*H) „ 

C’H’(SO*H) „ 
C’H'^(SO*H) „ 

C“H*H’0(S0’) 
C=H*,H’0(S0’) 
C’H*H’0(S0’) 

C“H’(SO=) soHd 
C*H’(SO’) „ 

C»H’(SO’) „ 

C’H“(SO’) „ 
C*H’NaS0’+H’0 soHd 
(C*H’)’Ba(S0’)’+H“0 ) 
s<did [ 

C’H’(S0*)Na+H’0 solid 
(0’H’)^(S0*)’Ba+H’O 


Heat evolved 

Hydro- 

Hydro- 

carbon 

carbon 

Hquid 

gaseous 



+ 16-9 

— 

26*5 

— 

16-9 

— 

19-4 

— 

26*1 

— 

16*5 

— 

20-0 


0 



19-4 

— 

16*1 



22-0 

+ 17-6 

22*9 

+ 16-2 

20-5 

+ 14‘8 

20-0 

— . 

29*3 

— 

36*5 

— 

14*9 

— 

21*0 

— 

31-6 

— 

14-7 

— 

33-6 

— 

16-7 

— 

53*3 

— 

16-0 

+ 36-4 (') 

46-2 (0 

+ 34-7 

41-9 

~ 2-6 

3-6 

+ 35-9 

— 

- 1-4 

— 

+ 60’3 

— 

+107-0 


+ 40-6 Q) 

— 

+ 66-4 C) 

— 


Q) This compound is formed, not from the hydrocarbon, but from the alcohol* 


Table XVII . — Hydration of Oxides, Acid and Basic. 


Constituents 

Compounds 

Heat 

developed 

Authors 

solid, liquid . 

NO>H 

•+ 1-2 

B. 

|N-0® liquid, 4H-0 liquid . 

NO^H 

6*3 

B. 

SO^ solid, H-0 liquid . 


20- 4 

21- 2 

B. 

B. 

iI-0^ ^H-0 .... 

lO^H crystallised 

1*3 

Bt. 

^P20^ .... 

PO^H^ , 

16-9 

T. 

imo .... 

AsO*m „ 

3-4 ' 

T. 

|ii20 liq. . 


6*9 1 

9*4 j 

B. u. L. 

B. u. L. 

BaO, H*0 liquid .... 

Ba(OH)- i 

17*6 

B. 

SrO, H-0 „ . . . . 

Sr(OH)2 ! 

17-2 

B. 

CaO, H^O 

Ca(OH)2 I 

15*1 

B. 

PbO, H^O „ . 

Pb(OH)2 

2*4 

T. 
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BiE XVIII, — Formation of Aldehydes and Organio Acids hy Oxidation, according 

to JBerthelot. 



I Constituents 

t . 

Compounds 

(fj^eat 

evolved 

State of 
Aggregation 


From Bydrocarhoiis : 



Fthyl Aldehyde 

C^H*, 0 

C«H*0 1 

+ 48-0 
54-0 

gaseous 

liquid 

Kormal Propyl Aldehyde . 

C*H«, 0 

C®IHO 

n'f> 



f 

118*0 

gjiscous 

Acetic Acid 

C-H^ 02 

C2H‘02 \ 

124-0 

liquid 



{ 

121*5 

solid 

Oxalic Acid 



261-0 

» 

Acetic Acid 

cm\ 0, H^o 

1 

111-0 

113-0 

liquid 

solid 

Formic Acid . 

OH^ 0® 

CffO^.H^O 1 

140*0 

137*6 

Oiquid 

solid 


From Aldfltydes : 





( 

70*0 

) all the bodies 

Acetic Acid 

C^H^O, 0 

G2H^02 \ 

) gaseous, 



i 

70-1 

actual stat>> 

Propionic Acid 

C®H^O, 0 

C»H»0 

74*0 

>> 


From Alcohols : 



Formic Acid, liquid . 

CH^O, 0® 

CH202.H20 

100-0 


Acetic Acid „ • 

C^H^'O, 02 

C2H'02.H20 

111*0 


AMeric Acid „ 

C‘H'=0, 0- 

CHP0O2.H2O 

131*0 


Palmitic Acid, solid • 

C‘®H2'0, 02 

C’«H®202.H20 

180*0 


Oxalic Acid » • 

C2H‘^0, 0® 

C=H“0<.2ir-0 

26 1-0 



C2H^02 0® 

C2H20‘.H20 

ir)0*0 

!! 1 


Table XIX. — Various Organic Co7npounds according to Ikrthelof. 


Names 


ovulvcd 


Formation of Aonides, froon Am^nonmn salts : 


Formamide 
Formonitril 
Hydrocyanic Acid 
Oxamide . 


Diamylene 
Benzene . 


. 

CH02NH‘ aq. 

OIPXO aq. 

1 

CH02NH'‘ aq. 

GHN a,q. 


C2H20‘(NH®)2 cryst. 

C 2 H“N 202 solid 

Formatio7i of Folyoneric Com^ou 7 ids: 


? gaseous 

3C2H2 

Jg:iS(‘OUS 

C'H^' gaseous 


Formation of the Chlorides of Acid Badiclcs (B. a. L.) : 
Pure Acid + HCl gaseous = Acid Chloride liquid + H^O liquid. 


Acetyl Chloride 
„ Bromide 
„ Iodide . 
Butyryl Chloride 
„ Bromide 
Valeryl Chloride 
„ Bromide 



— 

C^H^OCl 


— 

C^H^OBr 


— 

C2H®OI 


— 

C^H’OCl 


— 

C^H'OBr 


— 

C’l-POOl 


~ DTi 

- 2-9 
1-8 

- 

- Id) 
2-5 

- 1-7 
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The following are thermochemieal determinations, chiefly by Serthelot and Thomsen, 
not included in the preceding table ; and re-determinations of certain Talues contained 
therein. The heat-unit is the kilogram-degree, excepting where the contrary is 
stated. 

Thermic Constants of Oxidising: and Reducing -agents (Thomsen, Detd. 
CheTTb. Qes. Ber, "vi. 233, 1434). The thermochei^cal determination of the strength 
of affinity of oxygen in the several stages of oxidation of a body re(3[uires an exact 
knowledge of the action of oxidising and reducing agents : for only a small number of 
oxygen-compounds can be directly prepared in such a manner that the oxidation can 
be made the. basis of exact calometric determinations. In most cases, indeed, the 
heat has to oe estimated by indirect methods, either by oxidation with the aid of 
oxidising agents, or by subjecting the oxidised compound under examination to the 
action of reducing agents. With this view, Thomsen has determined the following 
constants : — 


Beaction-constants of Beducing Agents. 


Reaction 

Q (tLeat evolved) 

(SO^Aq, OP) 

73*9071 


(Ee'^CPH^Aq, CP) .... 

(2EeSO^Aq, CP) 

55*523 

48-763 

'for 1 mol. of chlorine 

(SnCPH^Aq, CP) .... 

76*019j 


rSO-Aq, 0) 

63*634^ 


(Ee^CPH^Aq, 0) 

(2EeS0*Aq, 0) 

45*250 
38*490 i 

■for 1 atom of oxygen 

rSnCPHiA.q, 0) : 

65*746 J 



The meaning of these numbers is as follows : If one of these reducing agents, 
sulphurous acid, ferrous sulphate, ferrous chloride, stannous chloride, be used to remove 
oxygen or chlorine from a compound, and if the quantity of heat evolved in this 
process for every atom of oxygen or molecule of chlorine removed he denoted by E, 
then the quantity of heat consumed in the decomposition of the compound which 
furnishes the oxygen or chlorine, is represented by Q— E. 


Beaction-constanis of Oxidising Agents. 


Reaction 

Q'= total heat 
evolved 

Number of 
oxygen 
atoms 
given ofE 

Q for 1 oxygen 
atom 

2(C1, H, Aq)-(H2, 0) . 

10*273 heat-units 

1 

10*273 gram-degrees 

2(Br, H. Aq)-(m 0) . 

-11*605 

1 

-11*605 

2(Br, Aq, 0) . 

-12-683 

1 

-12*618 

(Cl,H,Aq)~(01,0,H,Aq) 

9*437 

1 

9-437 

(Mn-O^K^Aq, 6HClAq) . 

58-635 

5 

11*727 

(Mn=0»K*Aq, SSO’Aq) . 

69-485 

5 

13-897 

(Mn'^OsK'^Aq, 2HClAq) . 

55*757 

3 

18-856 

(Mn^O^K'Aq, SO’Aq) . 

59*547 

3 

19-849 

(MnO, SO^Aq)* . 

4*969 

1 

4*969 

(2CrO“Aq, SSO'Aq) 

30*452 

3 

10*151 

-(2MB0,0*,2KAq) 

28*257 

3 

9-419 

-(2MiiO=, 2'KAq) . 

-14*765 

5 

- 2*953 

-(In, 0) . . . 

-21*511 

1 

-21*511 

-(2Cr. 0»,Aq) 

-18*868 

3 

- 6*299 

-(IHAq, OS) . 

-42*542 

3 

-14*181 

-(Hs0,0,Aq) 

4- 23*074 

1 

4-23*074 


The meaning of these numbers is as follows : If a substance is oxidised by one of 
the reagents here indicated, viz. chlorine, bromine, potassium permanganate, manganese 

* K ^ KHO ; in = MnH“0» ; & = CrH’0», 

Zrd Sup. 3 B 
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dio£de, chromk aoid, oi* hydrogen dioxide, the quantity of heat developed by each atom 
of oxygen absorbed is greater by the value of Q given in the table for the reagent in 
question, than that which would have been developed if the same oxidation had been 
effected by oxygen. If the oxidation effected by either of those reagents be equal to 
E heat-units for 1 atom of oxygen, then the quantity whicly_ would bo evolved by 
oxidation with free oxygen is E — Q. 

Heat of Combustion of Hydrogen. Schuller a. Wartha {Ber, xi. 1298), by 
means of their modified form of Bunsen’s ice- calorimeter (p. 926), estimate the quantity 
of heat evolved by the combustion of 1 gram of hydrogen (at 0° and 700 mm.) at 
34*126 heat-units. (Thomsen’s number 69 [p. 9o2] denotes the quantity evolved 
in the combustion of 2 grams of hydrogen.) 

0, V. Than (Ber. xi. 947, 1241) has determined the quantity of heat evolved in the 
combustion of a mixture of 2 vol. H. and 1 vol. 0. in closed vessels, by burning a 
measured quantity of the gas in Bunsen’s ice-calorimeter. The number thus found in 
one experiment was 33*863 heat-units ; another, in which additional precautions were 
taken to ensure the correct measurement. of the gas, gave 33*964 units. 

Heat of Formation of 62sone. According to Berthelot (Gomgt. rend, Ixxxii. 
1281), the formation of ozone from oxygen under the influence of the sihint electric 
discharge is attended with an absorption of heat amounting to 29*6 units. 

Heat of Combustion of Sulpbur. According to Berthelot (Comgt, rend, 
Ixxxiv, 674) : 

8 + 0^ = gas, devolopes 69*1 heat-units. 

On account however of tho unavoidable formation of SO^, the true number must bo a 
little lower than this. The experiment was made with pxiro oe-tohodral sulphur. The 
insoluble sulphur extracted from flowers of sulphur would yield tho same a, mount of 
heat, since its conversion into octohedral sulphur, which takes place at about 18'^, is 
not attended either with evolution or with absorption of heat. 

Sulphuric iLoid and Sulphates. Berthelot (loo, oit.) deduces tho heat of 
formation of these compounds from the following data, which he regards as tho most, 
exact yet obtained : 

llcat-units 

S + 02 = S02 gas 69*1 (Berthelot) 

SO^ gas + water = SO^ dissolved . . 7*7 (Favro, Thomson) 

SO^ dissolved -f CP gas + 2H'^0 - S0^.H‘0 dilute 73*9 (Thomson) 

H + CU HCl dilute 39*3 (Thomson) 

H2 + 0 = H^O • 69*0 (moan ace. to several observers) 

Hence r 


Heat-units 


S02 dissolved 0 + H^O + water = SO^.H^O dilute 

64*3 

S02 gas + 0 -f H^O -1- water ~ SO^.H^O dilute . 


72*0 

S + 02 -f H20 - S02,H20 dilute 


141*0 

Further . 

S02 -f water = SO 2 .H 2 O dilute .... 


37*4 (Berthelot) 

S02H20pure -i- water == SO 2 H 2 O dilute 


17*0 (various) 

whence : 

S -1- 02 = SO® anhydrous 


103*6 

SO® -f 0 = SO® „ 

S + 0® + H^O = S02H20 


34*4 


124*0 

S -+■ + H- = SO^H® 


193*0 

Finally, according to various investigators : 

S + 0^ -h K® = SO^K® 


342*2 

S + 0^ 4- Ha® = SOW 


326*4 

S -i- 0^ -i- Pb = S0‘Pb 


214*0 

S + 0* + Zn = SO^Zn 


233*4 

S -t- 0^ H- Cu = S0'‘Cu 

, 

182*8 


Bor the heat of formation of potassium thiosulphate, Berthelot finds (Oompt, 
rmd. Ixxxii. 400) : ^ * 

-i- 02 -h K2 S202K2 


. 274 
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HYPOSiilphurons acid, SO^H- (Berthelotj ihicl, Ixssiii. 416): 


S + H- + 0- + water 

= S03H2 dilute . 



. + 86*4 

S + 

= S03H2 „ 



39*0 

SO- + H* water 

= S02H2 „ 



0*6 

H«S dil. -t- O’ 

= SO^H* „ 



38*6 

2SO’H’dil. = SO'H’da. 

+ SH^ dissolved . 



54*8 

2S0’H’ „ = S’O’H’ „ 

. 



41*2 


This last yalae explains the greater stability of thiosiilphtirie acid, inasmuch 

as the stability of a chemical system increases, under otherwise similar circumstances, 
with the amount of energy which it has lost. 

Heat of X'ormation of Hydrobromic and Hydriodic Acids (Berthelot, 
Compt. rend. Ixxxiv. 677, 678). 

Bor Hydrobromic acid, Berthelot finds — 


H + Br liquid = HBr gas 9*5 

H + Br solid = BGBr 9*4 

H Br gas = HBr 13*5 

H + Br liquid + water = HBr dissolTed .... 29*5 

H -}- Br gas + water = HBr dilute .... 33*1 

For Hydriodic acid: 

H + I solid = HI gas —6*4 

H + I liquid = HI - 4*5 

H + Igas = HI - 0*8 

H + I solid + water = HI dilute -f 13*2 

H + I gas + water = HI + 18*8 


The numbers for the heats of formation of hydrochloric acid (22*0, p. 252) and of 
hydrobromic acid are nearly on the ratio of 1 : 2. 

Thermo cliemistry of the Oxygen-acids of Chlorine, Bromine, and 
Iodine. 1. Chlorio acid and Chlorates (Berthelot, Ann. Chim. Thys. [5], x 
327-389). 

1 . Formation of Chlorates from the Elements ; 

Cl + 03 + K = CIO^K solid 94*6 

01 + 03 + Na = ClO^Na 85*4 


Various Reactions : 


3CP + SK^O dilute 

=: 

3C103K dilute 

+ 

3KC1 dilute 

. + 76*2 

3Ci- + SNa^O „ 

= 

SClO^Na „ 

+ 

3NaCl „ . 

. + 75*9 

3CP + |BaO „ 

=: 

3C103Ba^ „ 
CIO^K diss. 

+ 

|BaCP „ . 

. + 75*1 

3CF + 3K20 „ 

= 

+ 

5KC1 „ . 

. + 94*2 

3Cr- + SHa^O „ 

= 

ClO^Na „ 

+ 

5NaCl „ . 

. + 94-2 

301- + SBaO „ 

— 

ClO’Ba^ „ 

+ 

fBaCP „ . 

. + 95*0 

3Cr- -f SK^O „ 

= 

6EC1 

+ 

03 

. +111*0 

3C1- + SHa^O „ 

= 

6NaCl „ 

+ 

03 

. +110*0 

3013 4. SBaO „ 

= 

3BaCP „ 

+ 

03 

. 111*8 

3 Cl OK dissolved 

= 

CIO^K „ 

+ 

2K01 „ . 

. + 18*0 

SClONa „ 

_ 

ClO^Ha „ 

+ 

2NaCl „ . 

. + 18'3 

SClOBai „ 

= 

ClO’Bai „ 

+ 

BaCP „ . 

. + 19*9 

Successive oxidation : 

CP + 0 + water 

s= 

CPO dilute 


. 

. ~ 5*8 

CP + 0® + water = CPO^ „ .... 

Heat of conversion of chlorates into chlorides and oxygen ; 

. - 24*0 

KCIO’ solid 


KOI solid + 

03 

. 

. + 11 

NaClO’ „ 

= 

ISTaOl „ + 

03 


. + 12*3 

Ba^ClO’ „ 


Ba^Cl „ -1- 

03 


12*6 


Heat of solution of potassium perchlorate: 

CIO^K + 100 times its weight of water at 23° . 

3 u 2 


12'13 
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2 . Bromic acid {Cornet, rend,, Ixxxiv. 679).- 


Br- liquid + O’’’ + H-0 + water = Br-0®.H-0 dilute 

Br- gas + 0^ + H-O + water = Br-O^.H-0 „ 

BrO^H dilute - HBr dilute + 0“ . 

BrO^K solid KBr solid + 0“ . 


ITcat-nnits 
- 49-6 
~ 42-2 
4- io t) 
+ 11*1 


Pormation of h y p o b r o m i t e s with excess of alkal 1 

Na-0 (1 eq. in 3 litres) + Br- at 9° . 

K^O ( „ 4 „ ) + Br2atll°. 

BaO ( „ 6 „ ) + Br^at 


+ 12*0 
11-0 
11-4 


Supposing now that dilute hypobromous acid in combining with bases gives out as 
much heat as hypochlorous acid, namely, 9*5 units ; then, for the heat of formation of 
hypobromous acid, we have : 

Br^ liquid + 0 + water = Br-0 dilute — 13'4 

Br® gas + 0 + water = Br-O 6 0 


3. Iodic acid and lodat.es (Berthelot, Comp, rend. Ixxxiv. 734). 


I- solid + 0^ water = lO^H dilute . . . . + 45-2 

I" » + = PQs anhydrous , . . -i- 4f)-8 

I‘- gas +0^ = solid . . . . +37-8 

I- solid + 0“ + H- + water 210^1:1 dissolved . . . -1- 1 14’2 

P ,, + 0® + iP = 21 Oli crystallised . . . +110-() 

PO*^ solid + H-0 solid s= 2I0®H „ . . -I» 2’‘^() 

„ + 2I0'‘‘H„ = 2I0«H.P0^ . . . . -h 1-24 

lO^H dissolved =111 + 0'* . . . . _ 43.9 

lO^Hcryst. + KOBE solid = lO'^K cryst. + PPO solid . + 31-5 

-lO^K „ + IO'*H „ = lO^KIO^H solid . . . + 3*1 

Isolid + 0® + K = lO^K solid . . . +]23'9 

I gas + 0® + K = IO®K +128-4 

IO'*K solid = KI „ -j. 0" . . . ~ 44*1 

IO*K dissolved = KI dissolved + 0'* . . — 43*4 


chlorate. 

I gas + 0 ® + K = IO®K solid .... +128-4 

Olgas + O'* + K ' = CIO^K „..,.+ 04 -G 

Brgas + 0® + K = BrO'*K „ . . ' . . + 87*6 


Hence it appears that the stability of the three salts increases from tlio ])romato 
to the chlorate and iodate. The greater sta])ility of the iodato is indicated also by 
a comparison of the heats of decomposition of the throe salts : 

CIO^K - KCl + 03 . . . .11 

BrO^K = KBr + 03 ' ' n -1 

I03K = KI + 03 ’ ’ ‘1 44 ... 


A comparison of the fundamental reactions of the throe halogens with an alkali 
gives ; 


3CPgas + 3K20 
dilute 

3Br2 gas + SK'^O 
dilute 

3P gas + 3K-0 
dilute 


^SCIOK 

diss. 

+ 

3KG1 dissolved 


. + 7G-2 

C103K 


+ 

5KG1 


. + 94-2 

6KC1 

J? 

+ 



. +111-0 

3BrOK 


+ 

3KBr 


. 57-6 

Br03K 

)1 

+ 

5KBr 


. + 54-0 

6KBr 

?? 

+ 



+ 74*4 

3I0K 

)> 

+ 

SKI 


• + 19*»3 

KPK 


+ 

SKI 


. + 26*4 

6KI 


+ 

0“ 


. - 17*0 


Prom this it is seen that the most important chemical conditions in the formation 
of compounds of oxygen with the halogen-elements are in accordance with the thermic 
rGi3,tlODS* 
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ammonia* NH^O (Berthelot, Compt, rend. Ixxxiii. 4-73) : 

Heat-units 

NH^O dissolved = |N + -^NH^ dissolved + TI-O . . . +57*0 

NH^O ,, -r HCl dilute at 24° + 9*2 

BH^O.HCl cryst. + 90 pts. water at 24° . . . — 3*31 

N + + 0 ,, = NH^O dissolved 23*7* 

N + + 0 + HCldil. = NH^O.HCl dissolved . . + 39*5 

N + + 0 Cl „ NH^O.HCl cryst. . . . + 75*0 

NO + s= NH^O dissolved +67*0 

For the purely theoretical reactions : 

NH^ dissolved + 0 = NH^O dissolved — 11*4 

NmECl solid + 0 = NH^O.HCl cryst - 15*1 

Further : 

NH^Odiss. + H2 = NH^.H^Odiss + 67*0 

NH^O dil. + JO = N + I H^O + 79*8 

NH»0 „ + 0 = NO^ + |H’“0 liquid . . . . + 70-8 

NffC' „ + 0» = NO*dU. + *H“0 .....+ 53-9 

NffO „ + O’ = NO^ „ + |H’0 + 72-4 

NH’O.HGl diss. + ^K=0 + 4-44 

„ „ + STH’ + 3-2 

Becomposition of Ammonium M'itrate (Berthelot, Ann. CMm. Fhys. [5], x. 
364). 

NO^H.NH^ solid = N'*^0 + 2H20 liquid 37*3 

,, fused = N'O + 2H-0 gas, about .... 26*0 

„ „ = N- + 0 + 2H-0 gas ... . 44*0 

„ „ = N + NO + 2H20gas .... 1*0 

„ „ = fN + -^-NO- + 21120 gas . . . . 32*0 

„ ,, = NO^H gas + NH^ gas —30*0 


Heat of Formation of various Metallic Compounds.’^ 1. Magnesium, 
Calcium, Strontium and Barium (Thomsen, J.;pr. Chem. [2], xvi. 97-324). 


Eeaction 

Magnesium 

Calcium 

Strontium 

Barium 

(H,0). . . . 

145-86 

131*36 

130*98 

130*38 

(B, 0, H20) . . 

148*96 

146*46 

148*18 

148 

(R, 0, Aq.) . . . 

— 

149*46 

157-78 

158*26 

(R, O2,W2O0 . 

— 

207*21 

223*83 

229*72 

(R, 02, S02) 

232*31 

248*97 

259*82 

266*49 

(R, C12) 

151*01 

170*23 

184*55 

194*25 

(R, Br2) 

— 

141*25 

157*7 

169*46 

(R, 1=) . . . 

— 

107*65 

— 

— 

(R, CP, 6H20) . 

183*98 

191*98 

203*19 

— 

(R, Br2 6H20) . 

— 

166*85 

181*01 

— 

(R, CP, 2H20) . 

— 

— 

— 

201*25 

(R, Br2, 2H20) . 

_ 

— 

— 

178*57 

(RCP, Aq.) . 

35*92 

17*41 

11*14 

2*07 

(RBr2, Aq.) . 

— 

24-51 

16*11 

4*98 

(RP, Aq.) . . . i 

— 

27*69 

— 

— 

(R, CP, Aq.) 

186*93 

187*64 

195*69 

196*32 

( 11 , Br2 Aq.) 

165*05 

165*76 

173*81 

174*44 

(R, 12, Aq.) . . . 

134*63 

135*84 j 

143*39 

144*02 

(RCP, 6H20) 

32*97 

21*75 

18*64 

— 

(RBr2, 6H20) 

— 

25*60 

23*31 

— 

(RCP, 2H20) 

— 

— 

— 

7 

(RBr2, 2H20) 

— 

— 

— 

9*11 

(R02H2 Aq., 2HC1 Aq.) 

27*69 

27*90 

27*63 

27*78 

(R02H2 Aq., S02 Aq.) . 

31*22 

31-14 

30*71 

36*9 


On the Heat of Solution of these salts, see pp. 991, 992. 

In the table (p. P53) the thermal valiie given for this reaction is 17*4. 
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2. Nickel and Cobalt compounds (Thomsen, J. ^r. Chcm. [2], xiv. <113). 
These metals in their dynamical relations stand nearest to iron, the order of affinity 
being Fe— Co— Ni. The heat of formation of the monoxides, sesqnioxides and anhy- 
drous chlorides is shown in the following table : — 


B 

(B, 0, H=0) 

(B=, 0", 3H“0) 

(BOP) 

Fe 

. . 68*28 heat-units 

191*13 units 

82*05 units 

Co 

. 63*40 

149*30 „ 

76*48 „ 

Ni 

. 60*84 

120*38 „ 

74*53 „ 

The analogy of the three metals is shown by their heat of neutralisation, and 
evolution of heat on solution of the anhydrous chlorides in water — 

B 

(BO=H% SO^’Aq.) 

(BO«H", 2HClAq.) 

(BCP, Aq.) 

Fe 

. . 24*92 units 

21*39 units 

17*90 units 

Co 

. 24*67 „ 

2M4 „ 

18*34 „ 

Ni 

. . 26*11 „ 

22*58 „ 

19*17 „ 


The difference between the three is shown by the evolution of heat on formation 
of the sesqiiioxides from the monoxides — 

E (2BO^H=, 0, C 

Fe 54*57 heat-units 

Co 22*5 

Ni - 1*3 


It is owing to this difference that iron sesqiiioxide dissolves in dilute sulphuric 
acid without decomposition, whilst cobalt scsquioxide gives off oxygon, with formation 
of a cobaltous salt, and in the case of nickel the decomposition is very energetic. 
For the same reason the acid solutions of nickel and cobalt sulphates arc not oxidised 
in the air. On the other hand, the free monoxides or thoir ammoniacal solutions 
behave quite differently — the oxidation of iron monoxide being represented by 54570 
heat-units, that of cobalt monoxide by 22500 units, whilst nickel monoxide with the 
negative quantity of — 1300 units remains unaltered. 

Nickel and cobalt decompose water — they dissolve in dilute acids with evolution 
of hydrogen. In this respect they stand between cadmium and tin, as is shown by 
the evolution of heat on decomposition of dilute hydrochloric acid by those metals 
thus : — 


Zinc . 





. 34*20 heat- 

Iron . 





. 21*31 

Cadmium . 





. 17*61 

Cobalt 





. 16*18 

Nickel 

, 

. 



. 15*06 

Tin . 





. 2*5 


units. 


The following table gives the thermal values determined for 
in various reactions. Ni and Co =59. Temperature =18°; — 


cobalt and nickel 


Beaction 

Evolution of Heat 

Co, C12 

, + 76*48 heat-units. 

Co, 0, H^O . 

. 63*4 

JJ 

Co2, 3H"-0 . 

, 149*3 


Co, o^so^, m-o 

. 162*97 

J) 

2CoOm^ 0, H-0 

. 22*5 

JJ 

2Co^-0«H°, 0, H-0 

. - 0*7 

55 

CoO^H^, 2HClAq. 

. +21*14 

55 

CoOSH2, SO^Aq. . 

. 24*67 

55 

CoCP, Aq . 

. 18*34 

55 

CoSOb 7H^OAq. . 

. - 3*57 

55 

Co.CP, Aq. . 

. +94*82 

55 

Go, 0, SO^Aq. . 

. 88*07 

55 

Ni, CP 

. 74*53 

55 

Ni, 0, H^O . 

. 60*84 

55 

Nib Ob 3H-0 . 

. 120*38 

5) 

Nib Ob SOb 7H20 

. 162*53 


2Ni02Hb 0, H^O 

. - 1*3 


NiO^Hb 2HClAq. 

. +22*58 

55 

NiO^Hb SO^Aq. . 

. 26T1 

55 

NiClb Aq. . 

. 19*17 

55 

NiSOb 7H20Aq . 

. - 4*25 

>5 

Ni, Clb Aq. 

. +93*7 

59 

Ni, 0, SO^Aq. . 

. 86*95 

55 


Explanation 
Anhydrous chloride 

) Monoxide and hydratod oxide from metal, 
{ oxygon, and water 
Crystallised sulphate 
Oxidation of monoxide to scsquioxide 
Further oxidation of scsquioxide 

I Heat of neutralisation of monoxide 

(Heat of solution of anhydrous chloride 
{ and crystallised sulphate 
(Formation of chloride and sulphate in 
> aqueous solution 
Anhydrous chloride 

I Monoxide and sesquioxide 

Crystallised sulphate 

Oxidation of monoxide to sesquioxide 

i Heat of neutralisation 

Heat of solution of anhydrous chloride 
and crystallised sulphate 
Formation of chloride and sulphate in 
aqueous solution 
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3. Tin Compounds (Thomsen, loc, cit) Sn =113. Temperature Sl*^. 


Euolution of Heat on Solntioji of Compotcnds in Water, 


Eeaction 

Evolution of Heat 

Explanation 

SnCP, Aq. . 

29*92 heat-units. 

Anhydrous tetrachloride 

SnCVK% Aq. . 

-3*38 

jj 

Chloride of tin and potassium 

SnCl^, Aq. . 

. + *35 

„ 

Anhydrous dichloride 

SnOP, 2H-0, Aq. 

. —5*37 


Crystalline hydrated di chloride 

Heat of Formation of the Chlorides and Oxides of Tin. 

Reaction 

Eyolution of Heat 

Explanation 

Sn, CP 

. 80*79 heat-units 

? Formation of anhydrous chlorides from 

Sn, CP 

. 127*24 


> metal and chlorine 

Sn, 0, H^O . 

. 68*09 


/Formation of hydrates from metal, 

Sn, 02, 2WO 

. 133*49 

;j 

i oxygen, and water 

Crystalline hydrated dichloride 

SnCP, 2H20 

5*72 

3 ) 

SnCl‘, 2KC1 

. 24*16 


Crystalline chloride of tin and potassium 

Sn02H2, 2HClAq. 

2*77 


)Heat of neutralisation of oxides for 

SnO^H^ 4HClAq. 

3*11 

33 

) hydrochloric acid 

Sn02H2 2NaOHAq, 

*215 

JJ 

(Heat of neutralisation of oxides for 

Sn04H^ 4NaOHAq. 

9*56 

„ 

J sodium hydrate 

Sn.CP, Aq. . 

. 81*14 

33 

(Aqueous solutions of chlorides from 

SnCl'', Aq. . 

. 157*16 

38 

J metal, chlorine, and water 

SnCl^Aq, 2KClAq. 

. -250 

33 

( Keaction of tin tetrachloride on potassium 
( chloride in aqueous solution. 


The affinity of tin for both oxygen and chlorine is very great, hut more so for the 
latter than the former body. The formation of the hydrated oxide of tin from the 
metal, oxygen and water is accompanied by the same evolution of heat as the formation 
of hydrated monoxide of iron, and of water thus : — 

Sn, 0, H-0 = 68*09 heat-units 
Fe, 0, H^O = 68*28 
H2 0 = 68-36 

The affinity of tin for oxygen is 2*41 heat-units greater than that of cadmium, but 
14*59 less than that of zinc. 

Tin readily takes up another atom of oxygen, and the oxidation of the. hydrated 
monoxide into the hydrated dioxide is accompanied by an evolution of 6o*4 heat- 
units. 

The heat of neutralisation of the monoxide of tin for hydrochloric acid is 2*77 
heat-units, that of the dioxide for soda 9*66 heat-units. Hence tin does not readily 
decompose water either in weakly acid or in alkaline solutions. The reduction of 
water by tin and very dilute hydrochloric acid gives only 2*5 heat-units; but the 
evolution of heat and rapidity of decomposition increase with the degree of concentra- 
tion of the acid. This is the reason why tin is a suitable reducing agent for many 
organic bodies, since the oxidation of the tin takes place at the cost of the more easily 
reducible body. The heat of formation of the anhydrous stannous chloride is almost 
the same as that of ferrous chloride, mercurous chloride, and lead chloride. 

Sn, Cl” = 80*79 heat-units 
Fe, CP = 82*05 
Hg-, CP = 82*55 
Pb, CP = 82*77 

On the other hand the behaviour of these chlorine-compounds to water is very 
different, the evolution of heat on solution of stannous chloride being + 0*35 units, 
ferrous chloride + 17*9 units, lead chloride —6*8 units; that of mercurous chloride is 
unknown. 

A comparison of the higher chlorides of these metals gives — 

Fe2, CP = 192*06 = 3 x 64*02 heat-units 

Sn, CP = 127*24 = 2 x 63*62 

Hg, CP = 63*16 = 1 X 63*16 

But as the numbers of chlorine-molecules in the compounds are as 3 : 2 : 1, it fol- 
lows that the formation of ferric, stannic, and mercuric chlorides is accompanied by an 
equal evolution of heat for equal quantities of chlorine. The lower chlorides therefore 
of iron, tin, and mercury are formed -with evolution of the same quantity of heat, 
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, amounting in the mean to STS imits for each molecule of clilorine, and_ the higher 
chlorides also evolve equal quaintities of heat, amounting to 63*6 units for each 
molecule of chlorine. It may therefore be supposed that the union of the^ chlorine 
atoms in the higher chloride is of a similar nature, and that the higher chloride is not 
made up of the lower chloride and chlorine. ^ 

The difference of these values viz., Sl’8- 63-6 = 18-2 units, is the quantity which 
Thomsen has often pointed to as the thermo-chemical constant. 

Again, 81 ’8 =* 9 x 9*089 

63*6 = 7 X 9*086, 

thus the absolute evolution of heat for chlorine in the two groups shows the same 
constant for the half of 18*0 = 2 x 9*1. 

■Whether other metals which have more than one chloride exhibit the same relation 
is not known, since those of copper only have been investigated. 

The evolution of heat for cuprous chloride is 65*75, for cupric chloride 5T63 
heat-units for each molecule of chlorine : the absolute evolution of heat is therefore 
considerably less than in the above cases ; but — 

81*8 : 63*6 = 1*286 : 1 
65*7 : 51*63 = 1*274 : 1, 

and therefore the evolution of heat of cuprous and cupric chloride stands in the same 
relation as those of the lower and higher chlorides of tin, iron, and mercury. 

4, Platinum and Palladium Compounds (Thomsen, J". ur. Ckc?}i, [2], xv. 
435, 4^3). 


(a.) Heat of Formation of the Haloid Fotchle Salts of Platinum. 


Heactiou 
Pt, Clb 2KC1 . 

Pt, BrS 2KBr . 

Pt, CP, 2NaCl . 

Pt, 2NaBr 
Pt, CP, 2NaCl, 6H20 
Pt, BrS 2NaBr, 6H-0 
Pt, CP, 2X01 . 

Pt, 01^ 2AmCl 
Pt, Br^, 2 KBc . 


Heat evolved 
89*5 units ^ 
59*26 „ 

73*72 „ 

46*79 „ ; 

92*89 „ ■ 

95*33 „ > 

45*17 „ . 
42*55 „ 

32*31 „ ) 


Explanation 

Anhydrous salts corresponding with the 
chloride and bromide. 

Hydrated sodium- platinum chloride and 
bromide. 

Salts corresponding with the chloride 
and bromide. 


(5.) Heat of Solution of the Double Haloid Salts. 


Reaction 


Heat evolved 

PtCPX2 . 

. — 

13*76 units 

PtBr«X2 . 

. -- 

12*26 „ 

PtCPNa2 . 

. + 

8*54 „ 

PtBr®Na2 . 

. + 

9*99 „ 

PtCPNa2.6H20 

^ _ 

10*63 „ 

PtBr«Na2.6H20 

. - 

8*55 „ 

PtCPK2 . 

_ 

12*22 „ 

PtCPAm2 

— 

8*48 „ 

PtBr*X2 . 

. — 

10*63 „ 


Explanation 


( From these numbers may be deduced tlie 
evolution of heat on aildition of 0 mols. 
of water of crystallisation. 
PtCPNa^6H‘-^0 = 19*17. 
Pt,Br«Na3.6H20 = 18*54. 


(c.) Beactions in the Wet Wap. 


Reaction 

Pt, Clh 2RClAq 
Pt, Br^ 2EBrAq 
Pt, CP, 2KClAq 
Pt, Br^, 2RBrAq 

Pt, 02, 6HClAq 
Pt, 02, 6HBrAq 
Pt, 0, 4HCUq 
Pt, 0, 4HBrAq 
Pd, CP, 2X01 . 
Pd, OP, 2X01 . 
Pd, 12 H20 . 

Pd, 02, 2H20 . 
Pd, 0, H20 . 


Heat evolved 

84*62 units 
57*16 „ 
41*38 „ 
31*44 „ 

64*06 „ 
80*36 
31*55 „ 

, 43*44 
79*06 „ ' 

52*67 „ 
18*18 „ 
30*43 „ 

22*71 „ 


Explanation 

1 H2,X2,Na2,Am2 or an atom of the metals 
of the alkaline earths or of the mag- 
nesium series, may bo substituted for 
2R without any alteration in the evolu- 
tion of heat. 

t A molecule of hydrogen may he replaced 
by two equivalents of the metals 
named without altering the evolution 
of heat. 

t Heat of formation of the double chlorides, 
the iodide, and the hydrated oxides of 
palladium. 
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Eeaction 
PdCl^K^Aq . 
PdCPK-, Aq . 
Pd, CP, 2HClAq 
Pd, CP, 2HClAq 
Pd, 02, 6H0lAq 
Pci, 0, 4HClAq 
PdO^H^ 6HClAq 
Pd02H2, 4HClAq 


Palladium- compounds. 

Heat evolved Explanation 

' - / _ solution of the double chlorides. 

72-94 ? 

47-92 
52-38 ? 

37-64 

21-95? „ I Evolution of heat on solution of the 
14'93 „ ^ hydrates in hydrochloric acid. 

Temperature 18°. Pt. ~ 198. Pd. = 106. 


,, I Formation of -the chloro-palladium hy- 
„ I drogen acids in aqueous solution. 


The haloid compounds of platinum and palladium form with the hydrogen com- 
pounds of chlorine, bromine, and iodine, compounds which are soluble in water, and 
exhibit the character of bibasic hydraeids, i.*e. they form crystalline soluble salts with 
the alkalis, alkaline earths, and bases of the magnesium series, and more or less in- 
soluble salts with the oxide of lead, mercury, and silver. The isomorphism of several 
of these groups indicates similarity of constitution, and the heat of neutralisation for 
the same base is the same as that of hydrochloric acid. The formulae of the two series 
of acids are PtCPH^ and PtCPH'^. Tin, mercury, and gold form similar acids, and if 
the compounds of fluorine were included, silicon and several other elements would be 
added to the group. The heat of neutralisation of all these acids agrees with that of 
hydrochloric acid. These bodies are not known in the anhydrous state, but several of 
them have been obtained as hydrated crystalline acids, c.g. PtCPH** + CH^O, AuCPH-h 
SH^O, AuBPH + SH^O, HgBr^H + 4H‘-0. They are all decomposed by heat, and yield 
normally water, haloi’d acids, and a haloid compound of the metal ; but in many 
cases the temperature rises so high that the metallic compound is partially decomposed. 
Some of these acids are decomposed by water, while others possess considerable 
stability. 

It appears to be a general rule that the heat of solution of potassium salts is always 
more strongly negative that that of the corresponding sodium salts, and that the 
differences of the heats of solution of the corresponding haloid salts of potassium and 
sodium are simple multiples of a constant. Thus : 


Uioits 


K2CP,Aq--Na2C12Aq 

:= _ 8-88 -1-2-36 = 

- 6-52 = 

-2 

X 

3*26 

K^Br^jAq — Na^Br^Aq 

= -10-16 -h 38 = 

- 9*78 = 

-3 

X 

3-26 

K2r,Aq— Na^I^Aq . 

= -10-22 -2-44 - 

-12-66 = 

-4 

X 

3-165 

PtCFK2,Aq— FtOFNa2,Aq 

= -13-76 -8-54 « 

-22-30 = 

-7 

X 

3-186 

FtBr®K2,Aq— PtBr'’Na2,Aq 

= -12-26 -9-99 

-22-25 = 

-7 

X 

3-179 


The explanation of this fact is that the sodium salts are not fally saturated com- 
pounds like the potassium, salts ; they have a tendency to combine with water, and 
this tendency is least with sodium chloride, greatest with the haloid compounds of sodium 
and platinum. The formation of potassium-palladium chloride is accompanied by a 
greater evolution of heat than that of potassium-platinum chloride, while, on the 
other hand, it is just the reverse in the case of the dichlorides. This would follow 
from the fact that palladium forms the dichloride, platinum the tetrachloride most 
readily. The heat evolved in each case is as follows : 

Platinmn PaUadium 

Dichloride . . . *4517 units 2 x 26-335 units 

Tetrachloride . . . 2-4475 „ 3 x 26-353 „ 

More important is the result of the comparison of the diiFerence of evolntion of 
heat in the formation of compounds of two different stages of the same metals. Thus 
in the passage of the compounds of gold, mercury, palladium, and platinum from a 
lower to a higher stage by addition of a molecule of chlorine, bromine, and iodine, the 
evolution of heat is as follows : 



Chlorine 

Bromine 

Iodine 

Mercury 

6 X 8-858 

4 X 8-822 

3 X 8-793 

Platinum 

5 X 8-866 

3 X 8-983 

„ — 

Palladium . 

3 X 8-797 

— 

— 

Gold . 

2 X 8-505 

1 X 8-930 

— 


A molecule of chlorine, therefore, gives in these allied reactions an imequal evolution 
of heat in the proportion of 2 ; 3 : 5 .* 6, bromine of 1 : 3 : 4, &c. The mean constant 
is the same in all, viz. 8*850 units. 
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4z. Gold-compounds (Thomsen, J". [2], xiii. 348”oG9}.^ Gold shows 

allofcropic peculiarities according to the kind of solution from which it is precipitated, 
and the kind of reagent used. Three such modifications ha,vo been investigated. 
When gold is precipitated from a solution of auric chloride by sulphurous acid, it 
forms a mass which boils together ; when precipitated in if similar manner from a 
solution of the bromide, it forms a very fine dark powder, •which retains its pnlverulont 
state even on drying : when reduced from the sub-chloride, sub-bromide, or sub-iodide 
by sulphurous acid or a hydrogen acid, it lias the form of a, very fine powder with 
perfect metallic lustre and a yellow colour. These modifications differ from each 
other by unequal evolution of heat in similar reactions. The gold which has been 
precipitated from the chloride by sulphurous acid shows least energy and is taken as 
the standard of reference. The energy of gold precipitated from the bromide is greater 
by an amount represented by 3-2 heat-units, while that of gold precipitated from 
the sub-chloride, the sub-bromide, or sub-iodide is 4*7 units greater for each atom. 
The last two modifications, therefore, evolve respectively 3*2 and 4*7 units of heat 
when converted into the first modification. 

The following tables give the direct results of the experiments on the thermo- 
chemistry of the gold compounds : 

Evolution ^ 

of heat Explanation 

4*53 unitS\ 

7*7 


Eeaction 

(AiiCi^Aq, HClAq) •. 

(AuBr^Aq, HBrAq) . 

(AuGPAq, SHBrAq) . 15*21 

(AuBr^Aq, SHClAq) . 4*28 

(AuCl'^HAq, 4HBrAq) . 13*8 

(AuBrmq, HClAq) . - *51 

(AuO^hP, 4HBrAq) . . 36*78 

(AuG^H^, 4HClAq) . . 22*97 

(AuCPAq, 2SO‘^Aq) . . 83*6 

(AiiBrmq, 2S02Aq) . 61*79 

(3Au01, HClAq) . . 4*98 

(3AuBr, HBrAq) . . 3 *6 5 

(2AuBr, SO^Aq) . . 42*76 

(2AuI, SO^Aq) . . 23*4 

(AuCPAq, 3KIAq) . . 45*66 

(AuBr*H, 5H“0, Aq) , — 11*4 

(AuCPAq) . . . + 4*45 

(AuBrb Aq) . . . - 3*71 

(AuBr'^sHBrAq) . . + 3*88 „ Indirect determination of the same for AuBrb 

Prom tlmso data Thomson calculates the following values of the qimnt.itios of 
heat evolved in the formation of gold-compounds, all the values relating to that modi- 
fication of gold which is precipitated from a dilute solution of tlie cTilorido by sul- 
phurous acid. 

Evolution 

of heat Explanation 

22*82 heat-units \ 

8*86 


Keactions of halogen-acids on the soluble 
haloid compounds of gold. 


) Heat of neutralisation of h 3 nlratcd oxide 
i for hydrobromic and hydrocblori c acids. 
\Eeduciion of soluble lialoi'd compounds 
) by sulphurous acid. 

Decomposition of sub-ehloride and sub- 
bromide by the corresponding halogen 
acid. 

) Reduction of sub-bromide and sub-iodide 
) by sulphurous acid. 

Neutral chloride decomposed by KI. 

[ Direct determination of heat of solution. 


Reaction 
(Au, Cl*) . 

(Au, Br*) . 

(Au, Cl) . 

(Au, Br) . 

(Au,I) . 

(Au2, 0*, H20) 

(AuCP, Aq) 

(AuBr*, Aq) 
(AuBr^H, 6H=0, Aq) 
(AuO*H*, SHBrAq) 
(AuO®H*, SHClAq) 
(AuO*H*, 4HBrAq) 
(AuC^H*, 4H01Aq) 
(Au,CP,Aq) . 

(Au, Br*, Aq) . 

(Au, CP, HClAq) 
(Au, Br*, HBrAq) 


5*81 

•08 

6*62 

13*19 

4*45 

3*76 

11*40 

29*18 

18*44 

36*78 

22*97 

27*27 

5*09 

31*80 

12*79 


Heat of formation of anhydrous haloi'd 
compounds. 

Heat of formation of hydrated oxide, 
i Heat of solution. 


(Heat of neutralisation of hydrated oxide 
j for 3 and 4 mols. of halogen acids. 

] Heat of formation of solutions of neuti’al 
J haloid compounds. 

) Heat of formation of solutions of acid 
J haloid compounds. 


Heat of Formation of the Carbon-, Boron-, and Silicon-compounds 
of Iron and IMCan^anese (Troost a. Hautefeuille, An 7 i. Chim. Ph^s. [6], ix. 66-70). 
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The combination of iron and carbon is attended "with absorption of heat, as shown by 
the fact that when a carbide of iron is chlorinated by treating it with mercnric chloride, 
the quantity offbeat evolved increases with the proportion of carbon present : thus : 

1 gram of iron containing only traces of carbon gave . . . 0*827 heat-units 

1 „ „ 2*8 per cent. „ ... 0*879 „ 

1 „ „ 4*0 „ „ ... 0*896 

The carbide of iron must be regarded therefore not as a true chemical compound, but 
as a solution of the carbon in the iron. 

The formation of manganese carbide, on the other hand, is attended with 
evolution of heat, as shown by the fact that a specimen containing 4*8 per cent, carbon 
gave, when treated with mercuric chloride, 1*19 heat-units, whilst another containing 
5*8 per cent, carbon gave only 1*01. The carbides of manganese are therefore true 
chemical compounds ; the compound has, indeed, a degree of stability com- 

parable with that of the most stable inorganic compounds. The ‘ ferro-manganeses ’ 
of commerce, Mn^Fe^ MnFe, Mn^Fe, &c., are likewise true chemical compounds, their 
formation being attended with disengagement of heat. 

Silicideof manganese is formed with great evolution of heat. In the com- 
bination of Sxlicon with iron, the evolution of heat is next to nothing for the proportion 
of silicon which is found in metalinrgic products. 

The heat of formation of crystallised manganese boride, MnB-, from its 
elements amounts to 2*487 heat-nnits for 1 gram. The quantities of heat evolved in 
the formation of iron boride, containing 11 and 23 per cent, boron, are respectively 
0*517 and 1*611 units for 1 gram. 

Phosphide of iron is formed with great evolution of heat. Sulphide of ipn is 
probably formed with scarcely perceptible evolution of beat. The formation of 
sulphide and phosphide of manganese from the carbide is also attended with great 
evolution of heat. 

Keat evolved in the transformations of Acetylene (Berthelot, Ami, 


Ghim. Phys. [5], ix. 165-174) : 

C-H^ gas + 0® gas = 2CO-gas -{- H-0 liquid. . . . 321*0 

C-H^ + 0^ = C-H-O^ Oxalic acid, solid .... 260*8 

+ 0 -h H-0 = Acetic acid, cryst. . . . 113*5 

+ O’* = CH^O^, Formic acid, cryst. + 00- gas . . 253*5 

C2H2 -f. H2 = Ethylene 56*0 

C^H- -h N- = 20NH, Hydrogen Cyanide, gas . . . . 36*0 

Benzene, liquid nearly 190*0 

diamond -f = C-H^ gas — 64*0 

Heats of Combination of Ethylene (Berthelot, ibid, 296, 306) : 

C-H^ gas + Br^ liquid = C-HBr- liquid . . . . +29*3 

C-H^ „ + Br^gas = C^H^Br^ „ 36*5 

C^H-* „ + Br- „ = gas . . . . about 28*0 

C^H^ „ + H-SOMilute = C-H^H-O.SO*, Isethionic acid, dil. . 16*01 

C‘-H* ,, + SO^ solid + water = C^HbH^O.SO'-. „ „ 53*3 

Heat of Formation of Ethyl Chloride and Xodide on the assumption that 
the ethers of ethylene give the same numbers as those of amylene (wfra) (Berthelot, 
ibid. 348) : 

CWOgas + HOI gas = O^H^Cl gas + H^O gas . . . - 2*7 

C2H®0 „ + HI „ = „ + H-0 „ . . . - 1*3 


If the haloid acid alone were gaseous, the value for C“H®C1 would be 3*4, and for 
C-HT, 6*0 ; if, on the other hand, all the acting substances were dissolved in water, 
the value for C^H^Ol would be -16*6, and for C^HT -16*0, the ethers being insolu- 
ble in water. 

Heat of Combination of Amylene 'with the Haloid Acids (Berthelot, 


ibid, 292) : 

C*H*° liquid 

+ 

HI (sp. gr. 1*98) . 

1-7 

C^H*** „ 

+ 

HBr (sp. gr. 1*79 . 

0*8 

„ 

+ 

HCl ( „ 1*20) 

0*95 

„ 

+ 

HI gas .... 

17*6 

C^H*® „ 

+ 

HBr gas .... 

15*2 

„ 

+ 

HOI „ . 

. . . . 14*8 

gas 

+ 

HI „ = C®H’°.HI liquid 

22*9 

„ 

+ 

HBr „ == C^H^O-HBr 

20*5 


+ 

HCl „ - C®Hi«.HCl • . 

20*0 
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^ The heat of evaporation of amylene at 12’ 5° in a current of air was found to be 
“5-25. 


Heat of Conversion of Alcohols into Acid Alcoholic Sulphates 

(Berthelot, iUd. 307). The reactions are : ^ 


I. (dil.) + H^SOMdil.) 

II. G°H-pO'i (pure) + (liq.) 

Methyl Alcohol . 

JEthyl Alcohol . 

Propyl Alcohol . 

Psendopropyl Alcohol 
Isohutyl Alcohol 
Amyl Alcohol (ferment.) . 
Grlycerin* .... 


GnH2p~20q- 

-*(H2S0*) (dil.) 

+ Jl'-O (liq.) 

G“H2P-20q- 

■*(H2S0‘*) „ 

+ IPO „ 


I 

U 

cn*o 

-5*1 

+ 13*8 

02HH4 

4*7 

M*7 

CWO 

4*05 

15*0 

C**H«0 

3*3 

17*1 

C^H‘^0 

2*2 

17*6 

G^H*20 

0*2 

19*5 


3*2 

15*2 


Heat of rormation and of various reactions of Aldehyde (Borthelot, 


Am. Chim. JBhys. [5], ix. 174-180) : r 

pure + 0 - Acetic acid, liquid . . . + 70T 

C^H’O „ + 0 - „ solid . . . + 67*6 

C"H‘‘0 gas + 0 = „ gas . . . — 70-0 

liq. + H- = liq. . . . + 28*0 ; all gas . . + 32'() 

C-H'O gas + H- = G“H‘''gas + V + 37'0 

C“H<0 „ = CH‘‘ +00 - frd 

G-H^O „ = OH- + B-0 - .LAO 

The last two reactions are brought about by boat, tlioroforo by tbi-cign oiiorgy. 

G^H^O + OP = CTI^CIO + IICl . . . . + 30*5 

C'-H'^O + Br- = G-H%0 + HBr . . . . + 10*0 ; Ih' gas . + 23*0 

C2H‘0 + I- - GTPTO + ITI - 0*8 ; I- „ . ~ 8*0 

The negative value for the iodine-compound is in accordance with the imj)ossibility 
of producing the compoiind by direct action. 

C'-H'Ogas = CH‘ + 002 _ 5.5 

C2H‘0 „ - C2H2 + H^O ~ 45*0 

02 diamond + H‘‘ + 0 = 0211*0 liq. , . . + 46*0 ; gas . + 4{)*0 

C2H‘ ethylene + 0 — C 211*0 gas + .18*0 

C2H®0 alcohol, gas = C2H'‘0 „ + H2 . . . a, bout — 24*0 

C2H**0 „ „ + 0 = C2H‘*0 „ + IPO liquid . . + 35*0 

C2H*0 „ liq. + 0 = G2H*01iq. + H'-'O „ . . + 41*0 

C2H‘*02 acetic acid gas + H2 = 02H*0 gas + H20 gas = . -11*0 


The last mentioned reaction cannot bo performed directly. 

The heat of vaporisation of aldehyde at ordinary tompoi’atui’o is on the avi+age 
-60*0. 


SSTormal jPropyl Aldehyde (Berthelot, Comyt. rend. Ixxxiii. 413); 

0** (diamond) + H** + 0 = C**E**0 liquid . 

C^H^O (propyl alcohol) + 0 = G**H'^0 + 

C»H» (propylene) gas + 0 = C=H«0 1 ' 

. C^H'*0 dissolved + 0 gas = C2H®02, dissolved at 23“ 

C^I-PO pure + 840H2O at 23° 

0^11^02 propionic acid, liquid, + Water 
C**I1®0, pure + 0 = C^H®02, Propionic acid, pure 

Acetone (Berthelot, ibid. 414) : 


C** (diamond) + + 0 - G^H^O, liquid .... 05*0 

C**H‘*gas +0 = C2H«0 „ .... G8*5 

Heat of combustion 424*0 


Keat of Formation of Hthyl Acetate . (Berthelot, A^m. Ohm. Ph/s. [51, 
ix. 342). 


56*6 
72*5 
about 66*0 

70*3 
4*0 
0*5 
4-0 


_ ^ The calcnlaiion for gflyrcrin wns inadc' nccordinj? tn the wc>ig(hi of sulphuric acid neutralised, 
without ciiqiiiry as to the T)t)^^il)le fonnaiioii of two or uion- coiupouncls. 
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C-H^CIO pure + C-H^O diss. = C-II-’^(C-H20") diss. 
C-H^O^diss. + C^HsO „ = C2H^C-H=*02 „ 

C“H^O- liq., pure + C-H®0 pure = pure 

C‘-^H^02 solid + C^H^Oliq. = liq. 

C'H‘‘02 gas + C^H'^O gas = gas 


HOI diss. 
H-0 . 
H'-^O iiq. 
H-0 solid 
H-0 gas 


For the theoretical formation from ethylene : 

C-H^gas + C-H^02gas = C^H^C-HW gas 
C^H^ „ 4- C^H^O^ „ = C^H^C^H^O^ liquid 

For various modes of formation by double decomposition, calculation gives 


4-21'o2 
- 1-8 ^ 
- 2-0 
- 1-0 
- 6-6 


+ 10*1 
+ 21*0 


C-H^NaSO^ + C^H^NaO^ = C2H^C-H'’02 liq. + Na^SO^ 

. + 8*3 

Ether 

C^H^Cl liq. + G2H"Na02 = C^H^C^H^O^ liq. h- NaCl . 
C^HH „ + Cm^AgO^ = C^H^C-’H^O® ,. + Agl . 

. +17-2 
. +44*2 

gaseous 
+ 12*8 
+ 38*8 

0‘-H®.C®H^O^ 60 parts water at 

This gives for the solution of the gas 


Heat of 
solution 
. + 3*06 

. + 14*00 

Heat of rormation of the 3ffitric Hthers of Ethyl 
and Mannite (Perthelot, Compt. mzd Ixxxii. 361). 

Alcohol, 

Glycerin, 

C^H®0 pure + NO^H pure = G-H^NO® pure + H-0 liq. 
0-H«0 dissolved + NO^H dissolved = G^H^NO^ dissolved + 
C3H®03 + SNO^H = C3ff(N02)3 + 2H®0 . 

CsHSQSdiss. + SNO^Hdil. = CsHWO^)^ pure + Water 
G®Hi^O®pure + SNO^’H = + 6H®0 . 

C®Hi^Oediss. + CNOsHdil. = C®H8(N03)6 -}- 6H®0 . 

Water 

+ 5*8 
. - 3*0 

. +13*0 

. -10*0 
. +21*2 
. -17*1 

C-H®(NO^) + 180 parts by weight of water at 16° . 


Heat of 
solution 
. + 0*99 

E?:eat of Formation and Comhustioi^ of Explosive Ifitro-oompounds 

(Berthelot, Chion, Phys, [5], ix. 161-165). 


1. EvolutioTi of Heat in the Formation of Fitro-derivatives from their Flements. 

Heat evolved 



Equivalent 

1 eq. 

1 gram 

Ethyl Nitrate, C^H^NO^ . 

91 grams 

+ 31 

+ 0*341 

Nitroglycerin, C^H^(NO-)^0^ ' . 

227 

+ 25 

+ 0*110 

Gun-cotton,* C‘'H7(N02)sO" , 

297 

+ 273 

+ 0*919 

Picric acid, C®HXNO-)^0 

229 „ 

- 14 

-0*067 

Potassium Picrate, G®H2K(N0-)30 . 

267 „ 

+ 51 

+ 0*186 

Nitric acid, NO^H . . , . 

63 „ 

+ 19 

+ 0*316 

Potassium Nitrate, NO^H 

101 „ 

+ 97*3 

+ 0*926 


The evolution of heat in the decomposition of explosive bodies — the water being 
considered as gaseous — can be calculated only for nitroglycerin, which alone contains 
sufhcient oxygen for its combustion. This, for 1 mol. = 227 grams, amounts to 405*5, 
and for 1 gram to 1*786 kil.-degrees. 


2. Evolution of Heat in theFerfeot Combustion of Exiolosive Substances by free Oxygen^ 
the water being supposed to be gaseous. 


Ethyl Nitrate 
Nitroglycerin 
Grun-cotton . 
Picric acid . 
Potassium Picrate 


decule 

Heat of combustion 

1 mol. 1 gram 

91 

305*5 

3*357 

227 

406*5 

1*786 

297 

— 

1*572 

229 

668*0 

2*919 

267 

661*0 

2*473 


If A denotes the heat evolved in the combustion of 1 equivalent (semi-molecule) 
of the substance containing carbon and hydrogen by free oxygen, and n the number 
of equivalents of oxygen consumed, the heat evolved w*hen the combustion is effected 
by various oxidising agents is as follows : 


* ^ei-thelot gives for gun-cotton tlie foimula C®H"®0=(H0®H:)®, and molecular weight 549, makmg 
the heat of formation for 1 mol, 502 ; but there is an error in the calculation*: the molecular weight of 
is 351, and the corresponding heat-equivalent is 322 (or 273 for mol. wt. 297). 
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Copper Oxide, n 

Lead Oxide, n . 
/ SnO 

h ~ir 

Tin Oxides -j 

I 2 

Antimony Tetroxide, n 
Mercuric Oxide, n 

2 


Sb-0‘ 


Bismuth Oxide, n 


Bi^O^ 


Silver Oxide, 


, Ag^O 
lead Nitrate,® 

12 


Silver Nitrate, 


AgNO* 


6 


Potassium Nitrate, n 
Potassium Chlorate, n 


KN03 


6 

KC10« 

6 


. A-^18‘6n 
. A-25'lii 


A-35*0n 


. A-31’0n 
. A-~15*3n 
. A- 6*6a 
, . A- 3*0n 
. A— 5-3n 
. A~ Mn 

• ““joflCW 
. A- a-8ii 


Heat evolved In tlie I'ormation and Combustion of Formic and Oxalic 
Acid (Berthelot, Qompt. rend. Ixxvi. 1433-1441 ; Amt. Chini. P/ij/s. [ 5J, v. 310-318). 
Por the heat of fopmation of formic acid from its (dements, Bcaddiidot finds : 


C (diamond) + + 0^ = CH-0- (liquid) . . . . <)3T 

0( „ ) + H2 + 02 = CIPO^ (solid) 95-5 

For the heat of combustion : 

0H202 (dilute) + 0 (gas) = 00^ (dissolved) + II'-O . . . 75*6 

CH^O^ (cryst.) + 0 ( „ ) = CO'^ (gas) + li'^O (cryst.) . 00*0 

CH202 (gas) + 0 ( „ ) =. C02 ( „ ) H- H^O (gas) . . 05*9 

For the formation of marsh gas by tho dry distillation of barium formate : 

2(CH02)2Ba = CH‘‘ + 2C02Ba + 200'-’ 5*4 

For the formation of oxalic acid : 

02 (diamond) + + 0^ = C^H'^O* (cryst.) .... 19G’8 

For the combustion of oxalic acid : 

O^H'-O ‘ (cryst.) + 0'^ = 2C0'2 gas + H'^O (liq.) .... 00*2 
For the dissolved acid in its conversion into -water and 00'^ gas . 02*5 
For O^H^O'^ dissolved + 0 = 200^ (diss.) + H'-^O . . . 73*7 

Thermochemistry of Acetyl-derivatives (Berthelot a. Louguinino (Ann. 
Chim. Phys. [5], vi. 289-304). The decomposition of acetyl chloride by water : 

C^H^OCl + H20 + a'Aq = C^H'^O'^ + HCl + a?Aq . . . 23*3 

Since now the heat of solution of gaseous hydrochloric acid in water amounts to 17*4 
heat-units, and that of crystallisabie liquid acetic acid to 0*4, it follows that 

C^H^OCl + mo = C2H*‘02 (liq.) + HCl gas . . . +5*5 

The decomposition ofacetyl bromide by water gives 
O^H^OBr + H20 = + HBr + a?Aq . . . . 23*3 

The heat of solution of gaseous HBr is 20*0, therefore 
G^H^OBr + H'^O = liquid + HBr gas . . . . 2*9 

The heat of decomposition of acetyl iodide by water is 
C^-H^OI + H^O + a:Aq - C^H^O'-^ + HI + irAq . . . 21*4 

The heat of solution of HI is 19*57, therefore 

C^HSQI + H20 C2H^02 liquid + HI gas . . . . +1*8 
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According to these results, the formation of the acid chlorides, bromides, ahd 
iodides from the corresponding organic acids and the halogen acids shonld be attended 
with absorption of heat. Consequently, these bodies are formed only in presence of a 
compound, like phosphoric or sulphuric anhydride, the combination of which with 
water is accompanied by evolution of heat, e. g. 


SO« + C2H^02 + HCl = C^H^OCl + SH^O^ . . about +18-0 

+ 3C^-H^02 + 3HC1 = 3C2H2001 + 2PH30' . . . +17'6 

Hence for the substitution of the halogen-elements in acetic acid : 

C^H^O^ + CP = C^H^OIO^ + HCl , • . . . . -hSO’O 

C^H^O^ + Br2 =: C^H^BrOs + HBr + 4*8 

C2H-*02 + H = C^HHO^ + HI -18-0 


It follows from this that the direct substitution of iodine for hydrogen cannot be 
effected. On the other hand, acetyl iodide and iodated compounds in general are 
easily attacked by hydriodie acid, with separation of iodine. Acetyl chloride is con- 
verted by gaseous hydriodie acid into iodide, and by gaseous hydrobromic acid into 
bromide, with evolution of 3 kil.-degrees of heat. On the other hand, chlorine expels 
bromine fcon acetyl bromide, and iodine fcom the iodide. Moreover, iodine can be 
replaced by chlorine, with the aid of silver chloride : 

G^H^OI + AgCl = C^H^OCl + Agl + 7 

These examples show how thermochemical investigations may serve as guides in the 
choice of reagents for the preparation of any desired compound. 

The decomposition of the chlorides and bromides of the fatty acid radicles by water 
has also been studied by W. Louguinine. The following values relate to the reaction : 

Chloride or Bromide (liquid) + H'’0 gas = Acid (liquid) + Hydrochloric or 
Hydrobromic acid (gas) : 


Acetic 

CMoride 

17*6 

Bromide 

13*8 

Butyric (normal) 

14*76 

12*84 

Butyric (iso-) 

. ■ 13*08 

13*01 

Valeric acid (iso-), from valerin 

12*66 

12-68 

,, }, by oxidation 

13*43 

12*60 


Trimethylacetic chloride gave for : 

C«H^OCl (liq.) + H20(gas) « C^H^oO^ (solid) + HCl (gas) . . . 8’04 

For the conversion of acetic anhydride into the acid, Berthelot finds {Cornet, rend^ 
Ixxx. 699) : 

C‘^H®0^ + Ka-0 (in 8 litres) = 40*58 heat-units 
2C2H^02 + „ = 26*66 

and by subtracting from the difference of these two numbers, viz. 13*92, the heat of 
solution of acetic acid, there remains for the heat of conversion of C‘‘H®0® into 
C^H^O^ ; 

C'H«0» + H^O = 2C2H^02 13*12. 

This value is regarded by Berthelot as more exact than the number 12*0 formerly 
obtained by the very slow action of water on the anhydride. 

Heat of Solution and of Chemical Action in the Wet Way, 

Influence of Temperature on tlie Heat of Solution and the Heat of 
Chemical Action in general. The following general law of the equivalence 
between heat and chemical change, founded on the principle of the equivalence between 
heat and mechanical work — in this instance molecular work — ^and on the general law 
of the conservation of energy, was enunciated by Berthelot in 1866 {^Ann, Chim. JPhys. 
[4], vi. 329) : When a system of bodies, simple or compound, existing under given con- 
ditions, undergoes physical or chemical alteratiojis which bring it into a new state without 
the aid of external mechanical actions, the quantity of heat evolved or absorbed during 
these changes depends exclusively on the initial and final states of the system, and is the 
same whatever onay be the nature and results of the intermediate states. 

Now suppose a system of still uncombined bodies to be raised, by assumption of a 
number of heat-units, U, without experiencing chemical change, from the temperature 
t to the higher temperature r ; then suppose combination to take place, and let the 
quantity of heat thereby evolved be denoted by Q,. Next let the resulting compound, 
without experiencing any chemical change, be cooled from t to if by abstraction of 
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y units of heat. Lastly, let Q« be the number of heat-units evolved when the same 
bodies unite chemically at the temperature t ; thou it follows from the general principle 
fust enunciated that : 

Q. - Q, = U - V. ^ 

If the interval of temperature r — t be so chosen that neither the uncombined bodies 
nor any of the products of the reaction suffer a change of aggregation, the preceding 
equation may be written in this form : 

Qrr — Qr< ~ (^6’ — ^t’l) 

where 2c denotes the sum of the specific heats of the atoms of the uncombined bodies, 
and 2cj that of the combined bodies. 

In the gaseous state, the quantity of heat evolved in chemical reactions is but little 
affected by temperature, on account of the slight differences between the specific heats 
of the gases before and after the reaction. The liquid state is, on the whole, the 
least favourable to the comparison of the quantities of heat evolved or absorbed in 
reactions, on account of the rapid alteration of the specific heat of liquids with the 
temperature, whereas the alterations of the quantities of heat evolved, referred to 
the solid state, consequent on a change in the initial temperature, mostly fall within 
the limits of error of observation (Berthelot, Gompt. rend. Ixxviii. 16'70). 

Evolution of Heat in Solution at various Temperatures^ and in the Dilution of Con- 
centrated Solutio7is . — Let 0 be the molecular heat of the salt ; the quantity of 

water in which 1 mol. of the salt is dissolved; + K the specific heat of this solu- 
tion. Now from the observations of Schuller (Iszf Suppl. 668) it may be inferred tliat 
K < C and even < 0, for the more dilute solutions. Between the temperatures r and 
t, the heat-capacity, XJ, of the constituents alone is equal to (18?i-l-C) (r--t), and that 
of the solution is V = (18?i-f K) (t — ; consoqiiontly : 

U _ V = (C -- K)(r - zJ), 
and according to Berthelot’s fundamental equation {supra ) : 

Q, - Q, = (C >- K)(r - t). 


If now K < C, as it always is for solutions of an anhydrous salt in a large quantity of 
water, and if the solution at the temperature t is attended with absorption of heat, 
the quantity thus absorbed will be greater as the initial tomporaturo t is lower in 
comparison with t. On the other hand, the higher the initial temperature, tliu smaller 
will be the quantity of heat absorbed until, at a certain tomporaturo, solution will 
take place without either evolution or absorption of heat. For initial tomporatures 
higher than this, an evolution of heat takes place, increasing in amount us the initial 
temperature is higher. If, on the contrary, heat is evolved at a certain temperature 
t, the amount so evolved decreases as the initial temperature is lower, is rodueod to 
nothing at a certain limit, and, on further lowering of the initial temperature, passes 
into a continually increasing absorption of heat. 

For the tempefrature r of sokition, unattended either hy emlutlon or hy absorption of 
heat, we have the equation : 

Qj. = Q)^ + IJ — V =: Qif + (18?i -F G) (t — zi) — (18/Zt + N) — zl) ™ 

whence r = — ... 9'^ + t. 

O — K. 


For example, Berthelot finds that the solution of anhydrous sodium sulphate in water 
at 21*5° is attended with the evolution of 780 units of heat. 


Na^SO^ (142 grm.) -t- 400H-0 (7200 grm.) evolves 780 gram-degrees. 


From this and the molecular heats of the salt and its solution, the temperature at 
which dissolution takes place without thermal change may be calculated as follows ; 
For the solid salt, the molecular heat is 32-2, that of the initial system is therefore 
7200 + 32-2 = 7232-5. For the final system, that is to say, the resulting solution, we 
have: 


Specific Molecular 

heat heat 

according to Schuller Q) . 0*9835 7222 

„ Marignac (-) . 0-9805 7199 

„ Thomsen (») . 0*976 7166 


U - V T 

(72325-7222) (r-2l*5) . -52*8 
(72325-7199) (^-21*5) . - 2*8 
(72325-7166) (t-21*5) . + 9‘8 


C) 1st. SuppL 6G8. 


O 2ud. Suppl. COl, (=*) JOid. S99. 
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The preceding yalnes of r are calculated from the equation Qt - 780 + U —%Y 


whence, according to Schiiller, r 
- Marignac, t 
„ Thomsen, t 


+ 21-5 = - 52 - 8 ° 

10-5 

g| + 21-5 = _ 2-8° 

gj + 21-6 = + 9-8=> 


From direct observations at + 2*5°, + 3°, and + 3-9°, all of which indicated absorption 
of small quantities of heat, Berthelot infers that the temperature at which no thermal 
change would take place is about + 7°, which is intermediate between those deduced 
from the observations of Marignac and Thomsen. The accuracy of the calculation of 
T is diminished by the fact that the divisor results from a small difference between 
two large experimental numbers, so that small errors in the determination of the 
latter will exert a considerable influence on the result of the calculation. Moreover, 
the calculation is based on the assumption that within the observed limits of tempera- 
ture no change takes place in the heat-capacity either of the solution or of its 
constituents. 

Crystallised potassium carbonate, K^COM^H^O, dissolves at ordinary temperatures 
with absorption of heat, and calculation shows that within the limits of temperature 
accessible to experiment, dissolution is attended sometimes with evolution, sometimes 
with absorption of heat. Berthelot observed the following thermal changes : 


K^CO^.l^H^O -i- 360H2O 


at 17'6^ 
about 32° 


— 244 gram-degrees 
+ 240 „ 


The point of no thermal change must be situated near 25°. By similar calculations 
it is found that the absorption of heat which takes place on dissolution at ordinary 
temperatures becomes nothing and then passes into evolution of heat : 

for KCl in 100 H^O at about 130° 

„ in 100 „ 160 

„ KN02 in 200 H2O „ 200 


For the dilution of the solution of 1 mol. of a salt in n mol. water by addition of 
mol. water, U = [1 + oii) + K](r — i) and V = [18 (?j + »i) + Kj](t — t) : therefore 


Qr = Qi! + (K - Ki)(t - t). 


Now as K is always greater than Kj, the evolution of heat on dilution increases as the 
initial temperature is greater ; consequently an absorption of heat taking place at t° 
gradually diminishes as the initial temperature increases, then becomes nothing, and 
passes into a continually increasing evolution of heat. For the temperature of -dilution 
without thermal change, we have the equation 


whence 


Q, = 4 - (K - K0(t - 0 - 0; 


K - K, 


+ t 


(Berthelot, Compt. rend. Ixxviii. 1722-1730). 

By further experiments {An7i. Chim. Fhys. [5], ix. 43) Berthelot finds that the 
heat of solution of slightly soluble bodies exhibits the same changes of sign and mag- 
nitude as those above noticed in very soluble bodies : 


Calcium Hydrate, at about 15° . 

Strontium Sulphate, SrSO-*, anhydrous 
Calcium Sulphate, CaSOb2H^O 


at ordinary temperatures 
a little below 15° . 

above 25° 


Lead Chloride . . . , 

Potassium Picrate, C®H^(N02)^K 


+ 3 

nearly 0 
positive 
negative 
- 6 
- 10 


Berthelot takes a similar view of the thermal changes which occur in crys- 
tallisation, precipitation, coagulation, and the conversion of an amorphous into a 
crystalline body, and proposes, as a differential method of measuring the specific heats 
of dilute solutions, the determination of the magnitude U— V by two mixture-experi- 
ments to be carried out at temperatures differing from one another by 10 or 15 degrees, 
the calculation being then performed according to the equation U — V = (H— Ki)(t — ^). 

On the influence of temperature on the Heat of Chemical Combination in the Wet 
way, see also Thomsen {Deut. Chem. Cres. JBer. vii, 1330-1345 ; Jahresh.f. Ghem. 1873, 
64). 

Zrd Slip. 
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rBelations between the Heat of Solution of Salts and the Density of 
the Vapours evolved from their Sohitions.^lt\v.iii been shown by KirelihoiSf 
[Foqq. Ann. csciii. 196) that the thermic eifcct produced in the dissolution of a solid 
or liq^uid body in water is related to the vapour-density of the solution in the manner 
represented by the formula — ^ 

dO, = ATVP J log 


in which dOt denotes the heat absorbed on addition of the weight dm of the substance 

at the temperature t j A the heat-equivalent of the unit of work ; 1 + 273 

425 

the absolute temperature; F the maximum tension of wat.m’-vapour a,t the same 


temperature. . 

The correctness of this theory has been demonstrated by Moiil.ior {Ami. Chm. 
Phys. [4], sxviii, 515-529), by comparison with the experiments of Wiillnor (iii. 95) 
on the vapour-tensions of various salt-solutions at different degrees of concentration, 
together with those of Person {Jahresb.f. Chem. 1851, 57) on the heat of solution of 
the same salts under similar conditions. 


Constitution of iLcids and Salts in Solution (Berthelot, H^oinpt. rend. 
Ixxxi, 844-849). The relative strength of acids and bases may bo estimated by the 
extent to which their salts are decomposed by increasing quantities of water, as indi- 
cated by the accompanying evolution or absorption of heat. 

Strong acids and bases, dissolved in separate portions of water and then united 
in equivalent quantities, form neutral stable salts, which disengage quantities of heat 
nearly constant for the different acids and bases of this category. This quantity of 
heat does not seem to vary on the addition of a fresh portion of water, or of a base or 
acid identical with or differing from those already in combination, hrom this it may 
bo inferred that water does not tend to separate such Ikisos and aoiiis, at h'ast in any 
appreciable manner. To such a class belong the chlorides, nitrates, and neutral sul- 
phates of the fixed alkalis. 

Weak acids, on the other hand, combining oven with strong bases, form salts 
which are decomposed by water, the decomposition increasing with the amount of 
water added, and decreasing with the amount of base or acid. Tlio progress of this 
decomposition is not always the same, but increases soinetiTnes inclefinitiily, somclimos 
up to a certain limit, depending on the amount of water add('(l. This is obsurvmd 
in borates, carbonates, alkaline pheiiates, and even in acetates, butyrates, valoratus, &c. 

Sometimes the decomposition of a neutral salt takes place almost ontiiady on the 
first addition of water, in such a manner that an absorption of boat occurs nearly 
equal to that disengaged in the initial formation of the alkaline salt; this is l.ho case 
with the alkaline compounds derived from alcohol, mannito, glycerin, &c. In salts 
containing weak bases,. such as the oxides of the heavy niolals, the decomposing action 
of water shows itself distinctly oven in presence of strong acids, and sllll more in 
presence of weak acids. The ammonia-salts of strong acids likewise show signs of 
decomposition by water, and in those of weak acids the decomposition is much more 
evident. Thus the neutral carbonate and phonato of .ammonia ai'o dtaiomposed by 
water much more readily than the carbonates and phenatos of tlu'. fixed alkalis ; and 
between dissolved alkali carbonates and the nitrate, chloride, or siil])haio of ammonium, 
double decomposition takes place, resulting in the foi’maiion of iimmonium cnrbonjite, 
and the union of the strongest acid with the strongest base, producing the most stfiblo 
salt. 


The following law, founded on thormo-chomical investigations, is laid down by 
Berthelot {Bull. Soc. Ohim. [2], xix. 156). The salt whose formation is attended with 
the greatest evolution of heat is always prodmed when the salts at whose expense its 
formation takes place are present in the sohition in a state of partial decomposition. 
The sum of the reactions determined by the formation of this principal reaction is not 
however necessarily accompanied by the greatest possible evolution of heat, hut may even 
he attended with absorption of heat. Thus, for example, potassium carbonate in solution 
decomposes ammonium sulphate, and is converted entirely or nearly so into potassium 
sulphate with absorption of 3-2 units of heat. The point to be determined is therefore 
the stability of the salts in presence of water. This can in many coses bo raoasiirod 
by the thermic changes accompanying dissolution and dilution, as in the case of 
ammonium salts with weak acids, which decompose to an extent increasing with the 
quantity of water present {27id 8uppl. 628, 629, 631). 

The decomposition of ammonia-salts containing strong acids, the sulphate for 
example, which is slight and not sensible to the thormometor, may bo recognised by 
the acid reaction produced, and by the alkalimetric analysis of the distillate. 
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If, for example, only a few ten-thousandths of the whole are decomposed, the addition 
of an alkaline carbonate disturbs the equilibrium so far as to produce complete conver- 
sion into potassium sulphate and ammonium carbonate, because free sulphuric acid 
cannot exist in its presence, the formation of potassium sulphate disengaging a greater 
quantity of heat than that of the carbonate. Ammonium carbonate is also completely 
decomposed by an equivalent quantity even of dilute sulphuric acid, as shown by the 
thermic changes which take place (Berthelot, Jaliresh.f, Chem. 1872, 91). A similar 
explanation applies to the double decomposition of metallic salts. Thus, in conse- 
quence of the partial decomposition of dissolved ferric nitrate or sulphate, the addition 
of sodium acetate gives rise, according to thermal observations, to almost complete 
decomposition {ibid. 84 ; ^nd Bujppl. 287). Of all the salts whose formation is possi- 
ble, the one actually produced is that whose formation is attended with the greatest 
evolution of heat. The same rule determines also the action of acids on dissolved 
soXts {Jahresh. f. Chem. 1872, 90 ; ^nd 8u^l. 2^0). If the salt which evolves most 
heat is stable in presence of water, its formation ^1 be complete ; but if it suffers 
partial decomposition under the influence of water, its formation will he. limited, in 
proportion to the degree of its stability. The above-mentioned rule, which is applic- 
able to all saline solutions, is regarded by Berthelot as confirmatory of the general 
thermochem-’cal principle, according to which every chemical change which takes place 
without external* influence results in the formation of that body or those bodies whose 
production is attended with the greatest evolution of heat. 

Bedissolution of Pred;pitates by Acids. — ^Berthelot finds that the laws which regu- 
late the division of a base between two acids and the formation of soluble salts within 
a solution {2nd Bupyl. 286) are applicable also to insoluble salts, inasmuch as these 
latter are completely decomposed and dissolved by stronger acids, which act on the 
base of the salt with greater evolution of heat. Insoluble silver acetate for example 
is immediately converted by nitric acid into the soluble nitrate : 

NO^H dilute -i- C-H^AgO^ = ISi OAg dilute + dissolved, gives . — 3-5 kil.-deg. 

But this absorption of heat is due to the conversion of a solid into a dissolved body : 
for calculation gives — 

NO^H dilute -f C^ffAgNO^ = NO Ag solid -f dissolved . . + 2 kil.-deg. 

and if the two acids were separated by water, the evolution of heat wotdd amoxmt 
even to 9 kil.-degs. A number of similar eases might he adduced in which a salt 
insoluble in water is completely dissolved by a monobasic acid. The dissolution of 
insoluble carbonates by monobasic acids, such as nitric or hydrochloric, in solutions 
concentrated but containing a quantity of water sufficient to dissolve the carbonic 
acid, is likewise complete. In dilute solutions the action is attended sometimes with 
evolution, sometimes with absorption of heat (silver carbonate and nitric acid). 
Thermic measurements also show that 1 mol. precipitated calcium tartrate, C‘‘H‘‘CaO®, 
must he completely decomposed by 2 mols. hydrochloric acid. A similar reaction 
takes place between barium citrate and dilute hydrochloric acid, and between barium 
tartrate or citrate and dilute sulphuric acid {Compt. rend. Ixxvii. 393). 

Solution of Mixed Balts. — The thermic relations in the solution of mixed salts 
in water, and the accompanjdng double decompositions have been investigated by A. 
Winkelmann {Pogg. Ann. cxlix. 492-521). The general result may be stated in the 
following propositions : (1). In salts which 'do not suffer mutual decomposition when 
dissolved together, the law observed by Person {Ann. Chim. Phys. [3], xxxiii. 448) 
that the quantity of heat absorbed in the dissolution of a mixture of salts is equal to 
the sum of the quantities absorbed in the dissolution of the individual salts— is nearly 
true, and the more nearly as the solutions are less concentrated. The specific heat of 
the solution of snch a saline mixture is also nearly equal to the mean specific heat of 
equally concentrated solutions of tbe individual salts, of which the mixed solution 
may he supposed to be ultimately constituted. (2). The form of the compounds in 
which acids and bases are introduced into the solution is not always a matter of in- 
difference, inasmuch as the state of equilibrium which is ultimately established in the 
solution may depend upon that form. Instances of this are afforded by ammonium 
nitrate and sodium chloride on the one hand, and sodium nitrate and ammonium 
chloride on the other. The following comparison shows the deviation from Person’s 
first law, which may take place in mixtures of salts which do not undergo mutual 
decomposition when dissolved in water. The mixture of these salts in equally con- 
centrated solutions is usually attended with a rise of temperature, as observed by 
Marignac {2nd Suppl. 635) ; Winkelmann however, as also Marignac, has noticed 
some cases in which a fall of temperature is produced, thus — 

3 s 2 
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Eik of temperature for — 

, KOlandNaGl 

KOI and KNO^ 
NaCl and ITaNO®, 
KOI and NH^Cl. 
NH'‘C1 and 


Fall of temperature for — 
NaOl and NH‘‘OL 
NaNO® and NH^NO^ 


Por the combinations in the first group, therefore, the quantity of heat calculated 
according to Person's first law, as required for the solution of a mixture of salts, is 
greater than the quantity actually used up, while for those in tho second group it is 
less. But in both cases the differences between the observed and tho calculated 
quantities are so small that for low degrees of concentration they fall altogether 
within the limits of observational error. 

Heat of Combination and Specific Heat of Liquid Miscttires. — Wihkol- 
mann {Pogg. Ann. cl. 592-619; cli. 512) has determined these data for mixtures of 
alcohol and henzin,* of alcohol and carbon disulphide, and of benzin and carbon 
disulphide, in the first case at three, in the other two at two different temperatures. 
The densities and the specific heats of the individual constituents were as follows : 

Alcohol. 

Sp. gr. at 16*03° = 0*7946. ^ 

Sp. heat Kt = 0*5721 + 0*001443^ + 0*0000122^2 between 3*82 and 28*18° 


Benzin. 


Sp. gr. at 16*50° = 0*6986. 

Sp. heat Kt = 0*5244 + 0*000220jf, between 3*32° and 19*06°. 

Carbeyn Bisulphide. 

Sp. gr. at 16*06"^ = 1*2665. 

Sp. heat Kt = 0*2575 + 0*0001 82?^, between 4*47° and 18*62°. ' 

The mixing of alcohol and benzin, alcohol and OS'-*, benzin and OS'**, is attended 
with a fall of temperature, and tho amount of heat absorbed on mixing 1 gram, of 
either constituent with varying quantities of tho other, increases with tho quantity 
ot the latter constituent. In this case, therefore, tho same law holds good that is 
observed in the solution of salts at comparatively low temperatures, namely, tliat tho 
quantity of heat absorbed in the act of solution increases with tho quantity of water 
used. A comparison, of the quantities of heat required for tho formation of a given 
weight of a mixture from different proportions of its constituents, always oxlnbits a 
m^imum for a mixture of equal parts of the two. Prom this point, in tho throe 
mixtures above mentioned, the quantities of heat consumed diminish most quickly 
on the side -where the mixture contains a predominating quantity of that constituent 
•which has the greater specific heat. The mixtures of alcohol and water ibrm, in 
respect of their thermal relations, a peculiar group, in which, on tho contrary, more 
heat is evolved on mixing 1 gram of alcohol with a larger quantity than with a smaller 
quantity of water. 

The following table exhibits the specific heats and heats of mixing of mixtures of 
alcohol and water, as determined on the one hand by Winkelmann, and on tho other 
^* ^^9- W» 3:xxviii. 153 ; see also 2nd Suppl. 474). Series I, 

and III. show the quantities of heat evolved in the formation of 5 grams of the 
mixture referred to the initial temperature 17° ; series II. and IV. tho specific heats 
of the mixtures for the interval of temperature 17*4° to 20*5°. 


1 

Alcohol in 

10 pts. of mixture 

1 

Dupr6 a. Page 

Winkclmaun 

I 

n 

in 

IV 

1 

26*68 

1*0368 

26-90 

1*0302 

2 

43*95 

1*0436 

42*70 

1*0474 

3 

i7'98 

1*0260 

47*23 

1*0337 

4 

44*86 

0*9680 

42*60 

0*9872 

5 

35*56 

0*9063 

35*02 

0*9243 

6 

27*26 

0*8433 

26*72 

0*8662 

7 

18*82 

0*7844 

19*05 

0*8060 

8 

12*48 

0*7169 

12*06 

0*7380 

9 

7*70 

0*6576 

6*54 

0*6746 


muerences oetween tnese numbers follow a regular 
ojder in the specific heats, but in the heats of mixture they are quite irregular. ^ 

On the specific -heats of mixtures of alcohol -with -water, carbon disulphide, chloro- 
tou^MS’i>eu“enS'“ ® oonstitueut of petroleum; b. p. C0°-80O; not to bo oou- 
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form and benzin, see also Schiiller {‘Ind 8uppl. 477), where, however, benzin (from 
petroleum) is erroneously called ‘ benzene.’ 

Heat of ComMnation referred to the Solid State. Berthelofc (Compt, 
rend. Ixxvii. 24-52) eonjders that in estimating the quantities of heat evolved in the 
reaction between dissolved bases and acids, sufficient account has not been taken of 
the double decompositions occurring in solutions. Such decompositions indeed cannot 
be foreseen, except by calculation of the thermal action which would take place 
between the bodies if they were separated from the water, together with the investi- 
gation of the special action of the solvent upon each. He has, therefore, referred the 
quantities of heat evolved to the solid and crystalline state, the calculated values for 
which alter but little with the temperature, in consequence of the smallness of the 
alteration in the specific heat. For the calculations in question it is necessary to 
know, not only the quantities of heat evolved in the reactions between the dissolved 
bodies, but likewise the heat of solution of these bodies. With this view Berthelot 
has determined the heats of solution of the following compounds : 

Heat of Solution of Salts. 1 pt. Salt Dissolved in 50-100 pts. Watee. 

. - 1. Monohctsic Salts. 


Formates 


Acetates 


Benzoates, 
Picrates, &c. 


C=H“0= cryst. 

-2-35 

C“H*0" ciyst. 

-273 

about 

- 6*5 

CH®0= liquid 

0-08 

G=H*0'> liquid about 23° 

0-24 

(pivalate) solid 

0*34 



C=E*0^ „ „ 7° 

0-40 

C'^H^(NO=)=0 

- 7*10 

CHKO“ dry 

-0-93 

dry 

3*27 


- 1*48 



C=H=E:0“ fused 

3*21 

C’H^NaO* 

0*78 

GHNaO» dry 

-0-52 

C=H=*NaO= dry 

4*08 

C’H=NH'*0= 

- 2*69 

CHNH^O» 

-2*94 

C=H“NaO= fused 

4-23 





C=H^NaO=+3H=0 

4-58 

C=H®KO= (pivalate) * 

7*35 C) 

OHCa^O* 

0-33 

C=H=Ca^O“ 

3*61 


CHSr^O* 


C®H=*Ca^O=+iH=0 

2-68 

C«H=E:(N0")"0 

-10*0 

0'31 

C“H»Sr^O» 

278 

C“H»Na(NO=)=»0 

- 6*44 

CHSr-0“+H=0 

-273 

C=H=Sr^O=+iH=*0 

2‘63 

C«H=NH*(NO=)=»0 

- 87 

OHBa^O’ 

-1*22 

C=H»Ba^O* 

2-62 





C“H=»Ba^O=+^H“0 

-0-41 

MnO*E 

-10*30 



G“H^Mn-0= 

6-12 





C=H’Mn^O=+2H=0 

079 

NO“Ba^ 

- 2*48 

CHZn-0= 

1-99 

G=H=’Zn-0= 

4*91 

NO=Ba^+JH=0 

- 4*30 



G"H=’Zn^O*+iH=0 

3*18 



CHZni0“+H=0 

-1-20 

C=H3Zu^0“+H=0 

2*12 

CyKO 

- 5*17 

CHCu^O^* 

0-26 

G“H»Gu^O= 

1-21 

CjKS about 

- 5*70 

CHCu-0“+2H=0 

-3-92 

G^H^Gu^O^+iH^O 

0-40 



CHPb^O= 

-3-40 

C=H^Pb-0= 

070 





G»H=*Pb-0=+fH®0 

- 277 





C=H=*AgO= 

-4*30 



Nitrates 


Chlorides 

i 

Bromides, Iodides, 
Cyanides 


no=*k: 

-8-29 

KCl 

-4-19 

KBr 

- 5-45 

NO"Na 

~4-66 

NaCl 

-1-08 

NaBr 

- 0*29 

NO“NH* 

-6*20 

NH*C1 

-4-00 

NaBr+2H*0 

- 4-45 

NO^Ca^ 

+ 1-6 (?) 



El 

- 5*32 

N0^Ca^+2H=O 

-3*81 

Sr^Cl 


Nal 

+ 1*30 

NO=Sr^ 

-2-54 

5*48 

NaI+2H=0 

- 3*98 

N0"Sr^+|-H=0 

-6-48 

Sr^Cl+SH^O 

-3-65 

KCy 

- 2*86 

NO=^Ba^ 

-4-64 

Ba^Cl 

0*82 

NH^Cy 

- 4*36 

NO"Pb^ 


Ba^Gl+H=0 

-2*61 

'ng^Cy 

- 1*50 

-4-11 

Pb^Cl 

-2*0 



NO'Ag 

-573 

Hg^Cl 

-1*52 

NH^H=S 

- 3*26 



Sn^Cl+H^O 

-2*58 




* (pivalate, 1 eq. in 6 litres) (1 eq. in 2 1.) 13‘o9. This number, which is very 

near to that for acetic acid, is not altered by an excess either of acid or of alkali. 
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2. Bibasie Salts. 


Sulphates 


Oxalates 


Tart-rsitcs 


SO» 

SH»0^ cryst. 

SH®0* liquid 

SO’‘K= 

SO^KH 

SO*ISra«-MOH-0 

SO'‘NaH 

37-30 

16-OG 

16-92 

- G-04 

- 3-23 
0-76 * 

-• 18-10 

- 0-7G 

- 2-70 

G“H=0*+2n“0 

C=K“0* 

o=K:=o*+n"o 

C“Na=0“ 

G^JrlNaO^ 

CsnNaO"-l-H=0 

_ 8-49 

- 4-74 

- 7-7:j 

- 4-30 

- r>-r>0 

- 9-50 

- 7-1)8 
-11-47 

cnpo« 

o-^iriw+jii^o 

(mi*Na“()'’4-2ri"0 

CM-I'-'KaO^ 

Cir-NaO^+ll-O 

C‘Il"NaKO" 

C*H‘'NaK:0«-i-4H“0 

- 3-46 

3-6(5 

— 6-6(> 
- 1-12 
~ 6-88 

- 6-GG 

- 8-64 

- 1-87 
-12-34 



Carbonates 




CO’K;* 

co=’e:“-i-§h®o 

C0"hra= 

6-64 
- 0-24 
5-54 

nna-FTTT 

CO^NaH 

CO*NH*H 

- 6-32 

- 4-27 1 
1 - 6-28 




* This number 0-76 agrees very well with those found by Graham, 0*76, and by FavreO-75, but 
differs greatly from that of Thomsen, (p. 988) viz. O'OG, which is probably due to an error of observa- 
tion. 


Formation of Crystallised Hydrates,— T tiq heats of formation of tliiLSo hydrates, 
given in the following table, are easily computed from the nnmbors above iabnlai.cd. 
The numbers for the hydrates of acids and bases exhibit no simple robition to each 
other, but they are much 1/irgor than those for the hydrates of salts containing water 
of crystallisation, which likewise do not boar any siniplo relation to one another. 
Sodium acetate, for example, loses the whole of its waiter of crystaillisation in a vacuum, 
whilst the combination of each molecule of water is attended -with the evolution of 
T46 boat-units; cupric acetate, on the other hand, whicli gi vos oh' nine times loss 
heat, viz. 0T6 heat-units, does not part "with its water in a vacuum. 

SO-*^ solid + H^O solid — SO‘‘H“ solid . . . 10'«S kil.-dogroos. 


BaO ,, *i- 


„ = BaH-02 „ 


. 1(5-2 „ 

SrO „ -t- 


„ == SrH=02 „ 


. 3 0-8 

OaO „ 4 - 

„ 

„ = CaH^O'- „ 


. 18-(> „ 


4- 

2H“0 solid 

3 -34 or for .H-0 

TOG kil.-dc'groos. 

KHO 

4- 

2H'-^0 „ 

9-63 


4-82 

BaH^O- 

+ 

OH^O „ 

11-44 

3 ) 


SrH^O- 

4* 

9H-0 „ 

11-84 


T32 

BaCl- 

4- 

2H20 „ 

4-00 

31 

2-00 

SrCP 

4- 

6H“’0 „ 

9-68 

31 

T62 

NaBr 

4- 

2H^’0 „ 

1-30 


0-04 

Nal 

4- 

2H=0 „ 

2-42 

33 

3-22 

SOW 

4- 

lOH'-^O „ 

4-56 


0-4(; 


4- 

ZW^O „ 

4-37 

3 ) 

T4G 

(Cm^O^fCa. 

4- 

H'^0 „ 

T66 


0*5:24 

(C=H30-)-Sr 

4- 

IB:^o „ 

-0-42 


— 

(C-2H30‘-2)2Ba 

4- 

zwo „ 

1-76 

11 

0-d8 !! 

(0HO2)2Sr 

4- 

2H-0 „ 

8-20 


1-GO 

(C-H^O^y-^Zn 

4- 

2H“0 „ 

4-00 

13 

2-SG 

(OH02)2Zn 

4- 

H‘^0 „ 

2-02 


2-02 

4- 

2H20 „ 

3-52 


1*7G 


+ 

H-0 „ 

0-16 


0-16 

(0H0-)2Cu 

4- 

4H^'0 „ 

2-64 

33 

0-G6 

(C2HS02)2Pb 

4- 

SH^O „ 

2-G4 

33 

0-88 


Formation of Acid Salts, Double Salts, 

c. 

SO^K^ + 

S03 

S^O^K^ 


26-0 kiL-degreos. 

S20^K2 + 

H“0 solid = 

2SO^KH . 


8-G 

SO^K'^ + 

SO solid - 

2SO'>KH . 


13-2 

SOW -f. 

S0'*H2 solid = 

2SO'‘NaH . 


lG-0 

C'-^Na-O'* -1- 


2C-HNaO‘‘ . 


3-8 „ 

C^H'^Na-0« + 


2C<H5FaO« 


()'G „ 

C^H‘‘K‘0« 4- 


2G‘H“NaKO« 


Od) 
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Formation of Salts from Acids cuid Bases. 


rso3 + 

BaO = SO*Ba *. 




102*0 kih degrees. 


S03 + 

_SrO = SO^Sr . 




9o*6 


Anhydrides 

S03 + 

CaO = SO'^Ca about . 




84*0 


and Bases 

S03 -F 

PbO = SO^Pb . 




60*8 

j> 


S03 + 

ZnO = SO^Zn . 




45*0 



+ 

CuO = SO^Cu . 




42*6 

55 


rSO^H2 

+ 2KHO 

- 

+ 

2H'0 solid 

81*2 

55 



+ 2NaHO 

= SOW 

+ 

2H-0 


69*4 

55 


SO^H^ 

+ BaH^O^ 

= SO^Ba 

+ 

2S-0 


65-4 

„ 

Acids and 

SO^H2 

SrH=02 

= SO^Sr 

+ 

2mo 

3? 

59*6 

55 

Bases 

SO^H"- 

+ CaH^O^ 

= SO^Ga 

+ 

2H-0 

5J 

50*8 

„ 


SO^H^ 

4- PbH^O”- 

- SO^Pb 


2H20 

33 

39*8 

55 



+ ZnH^O^ 

= SO^Zn 

+ 

2H-0 

97 

26*2 

55 


LSO^H2 

-h Cumo^ 

= SO^Gu 

+ 

2H-0 

97 

21*0 

55 


-f- KEO 

= SO*KH 

+ 

H^O 

97 

48*2 

35 

ACia DaLt'’: 

tSO^H2 

+ HaHO 

= SO^NaR 

+ 

H^O 

99 

42*7 

55 


The quantities of heat evolved increase with the stability of the products, but no 
simple relation or common constant can be traced between them. 

Monobasic Salts . — The following numbers correspond with the reaction : Acid + 
Basic Hydroxide = Salt + Water. All the bodies regarded as solid : 


GHEO= 

. 25‘6 

C'-H»K02 

. 21*8 

G^H®jK.O“ (pivalate) 

19*8 

CHNaO"- 

. 22*5 

C=H”NaO= 

. 18*4 


. 

22*5 

0HCa40= 

. 13*3 

C'-ffCaiO'- 

. 10*6 

G‘H=NaO= . 


17*4 

CHSr^O"- 

. 16*7 

0=ffSriO= 

. 14*7 

G'H-Ga^O*-^ . 


7.7 

CHBaiO^ 

. 18*6 

C^ffBa^O- 

. 15*2 




OHZniO"- 

6*1 

C-ffZniO= 

. 3*7 




CHCuiO^ 

. 5'2 

C^H’OuiO^ 

. 4*5 




OHPb^O* 

. 10*2 

0=H=PbiO= , 

, 6*3 






Salts of Bibasic Acids. 

Tartrates 




Oxalates 




= 26*9 

C=K=0* . 

. 58-8 

: 2 = 29*4 


. 53*8 ; 

2 

C2Na=0* . 

. 53-0 

: 2 = 26*5 

C«HWO« 

. 45*9 : 

: 2 

= 22*9 

C^KaHO* 


28*4 

C^ffKaO® 

. 


26*2 



G^H^HaKOe , . 49.5 




The heats of formation of bibasic salts exceed those of equivalent quantities of 
the corresponding monobasic salts, and those of the sulphates exceed those of the 
oro'anic salts. The differences between the heats of the salts of the alkalis and 
alkaline earths are all of the same order of magnitude. All such regularities, how- 
ever, are true only for the anhydrous salts. Solubility or insolubility has but little 
influence on the result, as may be seen by comparison of the sulphates with the 
formates or acetates. 

Relations between the Heats of Solution in the preceding Table . potassium 
and sodium salts of the same acid often exhibit nearly constant differences : —3T for 
the chlorides; -3‘7 for the nitrates; -S-G for the picrates; -3*4x2 for the 
sulphates Between the sodium and ammonium salts, the differences are : 2*9 for the 
chlorides,* 2*5 for the nitrates, 1*7 x 2 for the sulphates, 2*3 for the picrates. Between 
the formates of potassium and sodium, the difference is only -0*4:; between the 
acetates -0*8 ; between the oxalates -0*2 x 2, &c. On the other hand, the anhydrous 
acetates of potassium, sodium, calcium, barium, and lead all exceed the corresponding 
formates by about 4. 


Bevelopment of Heat and Changes of Volume attending the Solu- 
tion of Anhydrous Salts (Favre a. Valson, Compt. rend. Ixxvii. 802-809). In the 
following table, which is a sequel to those already given [f.nd 292-303), P denotes 
the weight in grams of the equivalent of the salt ; D the density of the solid anhydrous 


salt ; V=— the volume of 1 eq. ; d the density of the normal solution, containing 1 eq. 

of the salt in a litre ; -u the increase of volume, calculated therefrom, of 1 litre of 
.7ater by dissolution of 1 eq. of tie salt; 0 = (y-«) x 75-76 kilogram-degrees of 
heat (see %nd. Swppl. 302); O' the heat eTolved in the dissolnbou of the salt as 
determined by the mercury-calorimeter : C-C^ denotes, therefore, the amount of 
internal work expressed in kil. -degrees of heat . 



Change of VoUime and Development of Heat in the. Solution of Anhydrous Balts. 
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Tlierino-neutrality and neutrality of density. Tlie term thermo- 
neuirility is employed by Favre a. Yalson {Compt rend. Ixxrii. 907) to express the 
fact that the quantity of heat evolved or absorbed when a salt is dissolved in water 
already containing equi-^alent quantities of other salts, is, for the most part, the same 
that it would be if the former salt were dissolved in pure water. When, for example, 
1 eq. of sodium nitrate is dissolved in water containing 1 eq, potassium chloride and 
1 eq. ammonium sulphate, an absorption of heat occurs, amounting to 4’ 702 kilo- 
gram-degrees ; and the quantity absorbed on dissolving the same quantity of sodium- 
nitrate in pure water is 4*842, differing from the former by only 0*140 ; the amount 
of heat-absorption in the two cases may therefore be regarded as the same : in other 
words, the condition of thermo-neutrality is satisfied. 

Neutrality of density has a similar meaning with regard to the density of the 
resulting solution, which is, in fact, an arithmetical mean between the densities of the 
solutions formed by dissolving each salt separately in the same quantity of water. 
This may be illustrated by the following example, in which the letters P, D, &c. have 
the same signification as in the table on p. 984. 


i 

P 

D 

V 

i 

1 

d 

v 

V — 7? 

V-'u 

V 

NO^Ha .... 

85 

2*241 

c.c. 

37*9 

1*0540 

c.c. 

29*4 

C.C. 

8*5 

0*22 

CIK 

74*5 

1-976 

37*8 

1*0444 

1 29*0 

8*8 

0*23 

2 ... 

66 

1-766 

37*4 

1*0378 

27*3 

10*1 

0*27 

Mean .... 

7o-2 

1*994 

37*7 

1*0454 

28*6 

9*1 

0*24 

Mixture .... 

75-2 

1*994 

37*7 

1*0445 

29*4 

8*3 

0*22 


In like manner the dissolution of 1 eq. cupric sulphate in pure water gives rise to 
the same thermic change as in water already containing 1 eq. potassium sulphate. 
Moreover, the precipitation of potassio-cupric sulphate by barium chloride produces 
the same evolution of heat as the precipitation of the two constituent salts. Hence 
it would appear that double salts, like potassio-cupric sulphate, cannot exist in solution, 
but are split up in the act of dissolving into their constituent salts, and then conform 
to the law of thermo-neutrality {compare 2nd SuppL 293). Potassium sulphate and 
copper sulphate, dissolved together in equivalent proportions, also yield a solution in 
which the law of density-neutrality is satisfied, as shown by the following numbers ; 



P 

D 

V 

d 

V 

V — 7? 

Y — V 

V 

SO^IO 

2 .... 

87 

2-653 

c.c. 

32*8 

1*0662 

c.c. 

19*6 

C.C. 

13*2 

0*40 

SO^Cu 

2 

80 

2-707 

21*5 

1*0777 ! 

2*1 

19*4 

0*90 

Mean .... 

83*5 

3*180 

27*1 

1*0720 

10*8 

16*3 

0*60 

Mixtures .... 

83*5 

1 

3*180 

27*1 

1 

1*0717 1 

i 

11*1 

16*0 

0*59 


Potassio-cupric sulphate and other neutral double salts appear, therefore, to yield 
solutions in which each of the constituent salts is in the same state as if it existed 
alone in the liquid. With acid salts, however, which in the crystallised state are true 
double salts, the case is different. Hydropotassic sulphate and its constituent salts, 
for example, when precipitated by barium chloride, yield the following quantities of 
heat: 


Dissolved alone, 




SO^K- 
2 ’ 
SO‘Cu 


gives 


Kilogram-degrees 

2*879 

4*766 


Sum . 7*645 

Dissolved acid salt, SO^KH, gives 8*450 

Difference . 0*805 
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The density-relations are shown in the following table : 






r 


V-v 

V-r 


P 

D 

V 

d t 

V 

-V- 




c.c. 


c.c. 

c.c. 



87 

2*653 

32*8 

i*0662 

19*6 

13*2 

0*40 

2 







SO'Cu 

49 

1*848 

26-5 

1*0300 

18-5 1 

8*0 

0*30 

2 








Mean .... 

68 

2*250 

29*7 

1*0481 

19-0 

10*6 

0*3.') 

Mixture .... 

68 

2*250 

29*7 

1*0455 

21*5 

8*2 

0*27 


Those salts which do not satisfy the law of thermo-nentrality when their dilute 
solutions are mised together, are likewise found not to exhibit neutralit;| of density, 
thus : 





Kil.-dcgrees 

dilute 

2 

+ 

2°! gas = dilute . 

12*940 

NH® dissolved 

+ 

dissolved = dilute . 

2 2 

14*888 



Sxiiii 

27*828 

NH'' dilute 

+ 

C0= . 

8*473 

dissolved 

+ 

dissolved - dilute . 

16*301 

2 


2 2 





Sum 

24*774 



Difference of the two sums 

3*054 

Ka-CO® 

Heat of solution of in pure water 

. - 7*840 

„ 


in water + . 

. -10-700 



Difference 

2‘86() 


The two differences agree nearly with one another, and there is no thornio-neiitrality. 
With regard to the relations of density of these salts, the following results have booji 
obtained : 



P 

D 

V 

d 

V 

Y^v 

V - V 

V “ 

CO=*Na2 

2 • . • . 

53 

2*420 

C.(A 

21*9 

1*0519 

c.c. 

1*0 

c.c. 

20*9 

0*96 

2 ... 

66 

1-776 

* 37*4 

1*0378 

27*3 

10*1 

' 0*27 

Mean .... 

Mixture .... 
(NH4)2C03 

2 

59*5 

59*5 

48 

2*003 

2*093 

29*6 

29*6 

1*0448 

1 1*0391 
1*0178 

14*1 

10*7 

29*7 

15*5 

9*9 

0*61 

0*33 

Ka'SO^ 

2 

71 

2*681 

26*5 

1*0606 

9*8 

16*7 

0*63 

Mean .... 

59*5 

~ 

— 

1*03992 

19*7 

16*7 



The Talues of d, v, &c. for the mixture differ considerably from the first, moans, 
but agree nearly with the second, showing that the salts Na^CO^ and (NU'‘)>SO' Jia,ve 
been converted in the mixture intoNa^SO* and (NH'‘)-COl Similar msnits liav(' 
been obtained by Favre a. Valson with sodium borate and ammoiiinm snlj)hat(!. 
(See also Berthelot, IxxAui, 971; Jahresh. f, Chem. 1873, lO^J.) l^avro 
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a. Valson point out the agreement of their results with those of Berthelot on the 
constitution of salts ini'Sulution {Comft. Tend.ls.-siY. 48, 119; Ixxv, 207, 263 ; 

Chim. JPhys. [4], ssyL 433 ; 2nd JSuppl. 285), and to those of Thomsen on the action 
of dilute sulphuric acicTbn .lolution of potassium sulphate Ann. cxxxviii. 497 ; 

Jahresb. 1860, 115). 

Heat of SoUotion of Various Classes of Coon^ounds. 

Thomson {Dent. Chem. Ccs. 'Bcr. vi. 710-717) has collected together in the follow- 
ing table the results of his experiments on the heat evolved or absorbed in the 
dissolution of various salts and other bodies in water. The values are calculated for 
the molecule, Le. for the weight represented by the formula. The quantity of water 
used to dissolve each substance is stated according to the number of water-molecules 
contained in the solution for each molecule of the substance dissolved. 




Quantity 

Thermic 

Substance 

i’ormiila 

Dt water in 

effect per mol. 



mols. 

of substance 

1. Crystallised Chlorides, Bromides, and Iodides 


Sodium Chloride . . I 

NaCl 

200 

- 1T8 

i 

Potassium ,, . . 

KCl 1 

200 

100 

- 4*44 

- 4-41 

Ammonium,, 

Am Cl 

200 

- 3‘88 

Biirium „ . . . 

BaC]“ + 2IPO 

400 

- 4‘93 

Strontium ,, . . . 

8rCP+GTl-0 

400 

- 7-5 

tJalcinm ,, ... 

CaCP+elPO 

400 

- 4*34 

Magnesium „ ... 

MgCl-+6H‘-^0 

400 

+ 2-0 

Sodium Bromide 

NaBr 

'200 

- *15 

Potassium ,, ... 

KBr 

200 

- 5‘08 

Ammonium ,, 

NIIBlr 

200 

- 4-38 

Barium „ 

BaBr“ + 2JPO 

400 

- 4T3 

Strontium ,, . . . 

SrBr- + GH‘0 

400 

- 7-2 

Calcium ,, . . . 

CaBr- + 6H"’0 

450 

4-93 

Sodium loditlo 

Nal 

200 

-t- P22 

Potassium ,, ... 

KI 

200 

- 6T1 

Ammonium Iodide . 

Ami 

200 

- 3-55 

Gold Chloride, cry.st. 

Au“C1«H“C1“H-7,3H“0 

900 

-1P70 

Potassium Stannochlorido 

K>Cl--SnCh‘ 

800 

- 3*38 

2. Liquid Chlorides and Bromine. 



Stannic Chloritlc 

SnCl'* 

300 

+ 29’92 

dht^anium ,, ... 

TiCP 

IGOO 

+ 57-87 

Sili(‘on ,, ... 

SiOP 

3000 

+ 69*26 

Phosphorous Chloride 

PCI* 

1000 

+ 65*14 

Bromiuo ..... 

Br- 

600 

+ 1*08 


3. Nitrates. 



Sodium Nitrate 

NaN03 

200 

- 5-06 

Potassium ,, ... 

KNO=* 

200 

- 8*52 

Ammonium „ ... 

1 

200 

100 

- 6*32 
~ 6*16 

Silver ,, ... 

1 AgNO=‘ 

200 

- 5*44 

Barium ,, . . . 

' BaN-O'^ 

400 

- 9*40 

Strontium ,, . . 

SrN'-*0« 

400 

- 4*62 

Calcium ,, ... 

CaN-0".4H^0 

400 

- 7*2 

Magnesium „ ... 

MgN-0'*.GH«0 

400 

- 4*22 

Load ,, ... 

PbN‘^0« 

400 

- 7-60 


4. Sidjdiatcs. 

( 

600 

-18*81 



400 

-18*76 

Soiiinm Sulphate 

Na'-^SO'-l- lOir-G \ 

200 

— 18*55 


100 

-18*13 


[ 

50 

-17*46 
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Quantity 

Substance 

Formula * 

of water in 



mols. 


• 



S^ulphates. —Continued. 


Sodium Sulphate 

Na^SO* 

400 

Potassium ,, . . 


400 

Ammonium „ . . 

(NH4)2SO^ 1 

400 

200 

Thallious „ ... 

TPSO* 

900 

Barium „ ... 

BaSO‘ 

— 

Strontium „ . . 

SrSO^ 

— 

Calcium „ 

CaS04 + 2H=0 

400 

Magnesium „ . . 

MgS0‘»+7H20 

400 

Zinc „ ... 

ZnS04+7H20 

400 

Ferrous „ 

FeS0< + 7H20 

400 

t 

MnS0^ + 5H20 

400 

Manganous „ . . | 

MnS04 + 4H20 

400 

Copper „ . . 1 

CuS0^+5H20 

400 

CuSO^ + H^O 

400 

Nickel „ ... 

NiS04 + 7H20 

800 

Cobalt ,j . . 

CoSO‘ + 7H‘-^0 

800 

Cadmium ,, . . 

CdSO'IH^O 

400 

Yttrium „ . . 

YSO^ + |H=0 

400 

Lanthanum „ . . 

LaSO^ + SH-O 

400 

Beryllium „ . . 

BeSO*‘ + 41120 

400 

Alumino-potassic Sulphate 

K2S0^ + A12S=’0’2 + 24H20 

2400 

Cfaromo-potassic „ 

K2S0HCr2S30’2 + 24H20 

1600 


5. Acetates. 


Sodium Acetate . . . ! 

Na02H»02 + 3H20 

400 

Barium „ . . . ; 

Ba(C2H302)2+3H20 

800 

■Lead „ . . . | 

Pb(C2B[202)2+ 3H20 

800 

Copper „ . . . j 

H20 

400 

Erbium „ ... I 

Er(C2H'’02)2+|H20 

1000 


6. JPotassium Salts. 


Potassium Chloride . 

KCl 

200 

„ Bromide . 

KBr 

200 

„ Iodide , 

KI 

200 

„ Chlorate . 

KC102 

400 

„ Nitrate . 

KNO^ 

200 

„ Lithionate 


500 

„ Sulphate. 

K^SO^ 

400 

„ Chromate 

K^Gr^O’ 

800 

„ Permanganate 


1200 

„ Oxalate . 

K2C20HH20 

800 


7. Sodium Salts. 


Sodium Chloride 

NaCl 

200 

„ Bromide 

NaBr 

200 

„ Iodide .... 

Nal 

200 

„ Nitrate 

NaNO^ 

200 

„ Sulphate . . | 

Na^SO^+lOH^O 

Na^SO^ 

400 

400 

„ Thiosulphate 

Na^S^O^+SH'^O 

400 

„ Carbonate . 

Na^C^O^+lOH^O 

800 

„ Phosphate . 

Na2HP0'+12J120 

800 

Ammonio-sodic Phosphate 

NaAmHPO** + 4H'-’0 

800 

Sodium Pyrophosphate . 

Na'P^O^ + lOITO 

1600 

„ Borate .... 

Na^B'O’+lOH-’O 

2500 

„ Acetate 

NaC^H^O^-t- SE'^O 

400 


Thermic 
effect per mol 
of substance 


- ‘06 

- G-38 

- 2‘37 

- 2‘33 

- 8‘()0 

- 5‘58 
0 

- 0*60 

- 3*91 

- 4‘24 

- 4‘51 

+ *04 

+ 1*77 

- 2-75 
+ 8-72 

- 4*25 

- 3-57 
+ 2'r)d 
•+ 3-50 
+ J ‘50 
4* MO 
-20*24 
-22*30 


- 4*81 

- 1-07 

- 0*14 
+ -16 
•H '45 


- 4*44 

- 5*08 
~ 5*11 
-10*04 

- 8-52 
-12*99 

- 6*88 
-17*03 
-19*18 
- 7*41 


- M8 

- *15 
+ 1*22 

- 5*06 
-18*76 

- *06 
-11*37 
-16-49 

- 22*92 
-10-75 
-12-06 
-25*80 

- 4-81 
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* 




Quantity 

ThermiQ 

Substance 


Formula 

of water in 

effect per mpL 




mols. 

of substance 



8, Barium Salts. 



Barium Chloride 


BaCl“+2H20 

400 

- 4-93 

„ Nitrate 


BaN^O® 

400 

- 9-40 

„ Chlorate 


Ba0TO« + H20 

600 

-.11-24 

,, Dithionato . 


CaS=0» + 2H-0 

400 

- 6-93 

,, Ethylsulphate 


Ba(C^ff.SO0=+ 2H=0 
Ba(C2H»02)2+3ff0 

800 

- 4-87 

„ Acetate 


800 

- 1-07 

„ Hypophosphite . 


Ba(PH20-) + H20 

800 

+ -29 


9. 

Crystallised Acids, 



Selenious Anhydride 


Se02 

400 

- -92 

Iodic acid 


lO^H 

200 

- 2-17 

Periodic a<^id . 


IO«H= 

240 

~ 1-38 

Phosphorous acid . 


PO®H3 

400 

0 

Boric „ 


B^O^ + SH^O 

800 

-10-78 

Oxalic „ 


C2HW4-2H20 

500 

- 8-56 

Succinic ,, 



400 

- 6-68 

Tartaric „ 


C^H«Hs 

400 

- 3-60 

Citric „ 


C^HSO^ + H^O 

400 

- 6-43 



LO. Liquid Acids. 



Sulphurous Anhydride 

. 

S02 

300 

+ 1-50 

Sulphuric ,, 

„ 1. Hydrate . 


SO^ 

1600 

-I-39-17 

. 

^(S20’H2) 

1600 

+ 26-90 

M 2. 


“ SO^H'-^ 

1600 

+ 17’8r) 

,, 3. 


S0^H'- + H=0 

1600 

+ 11-58 

,, with 100 H“0 

. 


1600 

+ 1-00 

Nitric Acid 

• 

NO»H { 

20 

320 

+ 7*51 
+ 7-58 



N0®H + H20 

320 

+ 4-28 

Aqueous Nitric Acid 


N03H + 2H20 

320 

+ 2-74 


NO^H-hSH^O 

320 

+ 1-83 



ClH.H'-^0 

100 

+ ll-08hyp 

Hydrochloric „ 


CIH.3H‘0 

100 

+ 3-82 


C1H.60H-O 

100 

+ *11 

Acetic „ 


C'^H^O^ 

100 

+ -15 


11. Gaseotis Bodies. 



Chlorine .... 


Cl- 

1000 

+ 4-87 

Hydrogen Sulphide . 


H^S 

900 

+ 4-75 

Carbon Dioxide 


C02 

1500 

+ 5-88 

Sulphur „ 

Nitrogen Tetroxido . 


SO^ 

250 

+ 7-69 


NO'^ 

300 

+ 7-75 

Ammonia 


H^N 

200 

+ 8*43 

Hydrogen Chloride . 


HCl 

300 

+ 17*31 

„ Bromide . 


HBr 

400 

+ 19-94 

„ Iodide 


HI 

500 

+ 19-21 


Most salts, -whether anhydrous or hydrated, dissolve in water with absorption of 
heat ; some however, even when united with their maximum amount of crystallisation- 
water, dissolve with evolution of heat ; such is the case with the sulphates of man- 
ganese, cadmium, yttrium, lanthanum, and beryllium, the acetates of copper and 
erbium, and wth hypophosphite of barium. 

In the amount of heat absorbed in the act of solution there is often an agreement 
between salts of corresponding formulae: thus the snlphates of magnesium, zinc, 
nickel, and iron containing 7 mols. water give nearly equal values. To this rule, 
however, there are conspicuous exceptions; e.y. barium nitrate dissolves in water with 
much greater absorption of iieat than the corresponding lead salt, whereas the 
acetates of the same bases exhibit the opposite relation. 
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• Tile nitrates and sulphates of the alkali-metals exhibit, for equal numbers of 
molecules, nearly equal differences of latent heat of solution, e, g. — 

• B = K Na ^ 

-17040 -10120 ^ -12640 

E^SO^ - 6380 j- ^ e - 2370 

difference -10660 -10060 -10270 

Nearly equal differences of latent heat are also found between tho nitral.os and 
chlorides of potassium and sodium, but in the ammonia-compounds the difference has a 
very different value : 

B = K Na NH* 

EN03 -8520 -5060 -6320 

EQl -4440 -1180 -3888 

difference —4080 —3880 —2440 

The latent heats of solution of the chlorides, bromides, and iodides of potassium, 
sodium, and ammonium, likewise do not exhibit any corresponding differences. 

Of all salts, the potassium salts exhibit the greatest amount of latent boat for 
equal numbers of molecules ; but the latent heat of sodium salts is mucfi smaller if 
they contain a considerable amount of water. 

All the crystallised acids which have been examined dissolve with absorption 
of heat, and the same is the case with selenious anhydride. In some, e. g, boric acid 
and the organic acids, the absorption is very considerable. On the contrary, all tho 
liquid acids examined dissolve in water with evolution of heat, which is very great 
for sulphuric acid, very small for acetic acid. 

The l<zte7it heat of solution of salts increases with the quantity of water ijresc^it, so 
that aqueous solutions of salts, the dissolution of which is attended with abst)rptJon of 
heat, likewise absorb heat on dilution with water. Thus it appears from tho numbers 
above given that a solution of sodium sulphate containing 50 molecnh'S of wai.er 
absorbs, on dilution with 50, 150, 350, and 550 molecules of water, tho following 
quantities of heat 

n (Na»SO".50H=O,72H=O) 

50 — 0’67 kilogram-dogrccs 

150 -1*09 

350 -1-30 „ 

550 -1-35 

Here the absorption of heat in the dilution of tho liquid approximates to a maxi- 
mum which is more clearly seen from the numbers which exhibit tho absorption of Imnt 
in such solutions when they are mixed with quantities of water equal to those which 
they already contain, c. g, 

n ^ (Na•-SO^wH“O,?^H=0) 

0 — 0’67 kilogram-dogroos 

100 --0‘42 

200 - 0-21 

400 -00-6 


A somewhat different relation is exhibited in the absorption of heat, which takes 
place when a solution of sodium silicate is diluted with water. Experiment gave tlio 
following results : 

n (Na*0.3Si0^?iH“0.«H=0) 

37‘5 ...... — 0*88 Idlogram-degroos 

75 -0*92 

150 -0-94 

300 . . . . . . -1-17 

600 -1-34 

Hence it appears that, whereas for sodium sulphate the absorption of heat which 
takes place on diluting the solution with a quantity of water equal to that which it 
already contains becomes smaller as the quantity of water increases, the contrary is 
the case with the silicate, so that a solution of the latter containing 300 mols. water 
exhibits, on dilution with another 300 mols., an absorption of heat times as oroat 
as that which is exhibited by a solution containing only -J- of that quantity of water. 
In the case of sodium silicate the absorption of heat is very considerable. A solution' 
which for each mol. Na-0 contains 3 mols. SiO- and 37-5 mols. water, exhibits, on 
dilution with 562-5 mols. water, an absorption of heat amounting to 5-27 kilogram- 
de^-ees. This result is probably due to a partial decomposition of tho silicato bv tho 
action of the water. 

In the latent heat of many hydrated salts, the latent heat of the water i.o. of ice 
may he recognised^ When a salt capable of uniting with water in several proportions 
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is dissolved in water, the evolution of heat, rechoned absolutely, becomes smallei* as 
the quantity of water contained in the salt is greater. Thus, for example, anhydrous 
sodium sulphate gives —60 gram-degrees, but the salt containing 10 mols. water gives 
— 1876 ; cupric sulphate with 1 mol. water gives +872; the same salt with o mols. 
water gives —275. This difference may arise from two causes ; first, the affinity of 
the salt for the water m'ay not be satisfied in the less hydrated salt, and consequently 
there may arise an evolution of heat corresponding with the affinity ; secondly, the 
greater absorption of heat which attends the dissolution of the more highly hydrated 
salt may be due to the passage of a larger quantity of water from the solid to the 
liquid state. If the affinity between the salt and the water is very small, the effect 
is due almost entirely to the latter cause. The latent heat of ice at 0° amounts to 
1*442 kilogram-degrees ; but if the dissolution of the salt takes place at 20°, this amount 
must be increased by 20 times the difference between the molecular heat of water and 
that of ice, or about 0*18 kilogram-degree, so that the heat of solution of 1 mol. water 
(ice) at 20° amounts to about — T62 kilogram-degrees. 

Manganous sulphate crystallises with 4 and 5 mols. water ; the affinity of the 
fifth water-molecule is very small ; the difference of the heats of solution amounts, 
accoiding to the numbers above given, to ■04—1*77= —1*73 kilogram-degrees. 

For sodpim phosphate and sodium ammonium phosphate, the heats of solution are 
as follows 

For NaNaHPO'^ + 12H^O —22' 92 kilogram-degrees 

For Na(NH'^)HPO^ + 43^0 .... -10*75 

Difference for ISTa — KH* + 8H-0 . , . —12*17 „ 

Now the difference for the nitrates is + 1*26 ; for the sulphates +| 2'31 == + 1*155 ; 
mean + 1*208 : hence the latent heat for 8 mols. water is — 12*17 — 1*208 = — 13*378 ; 
or for 1 mol. water —1*672. 

A similar magnitude is distinctly recognisable in the heat of solution of sodium 
carbonate withlOli-0: for — 1*649= —0*1649 x 10. In sodium sulphate also there 
is a similar difference between the anhydrous and the hydrated salt, viz. — 18*7 = 

- 1*87 X 10. 

Heat of Solution of Chlorine-, Bromine-, and Xodine-compounds 

(Thomsen, Clicm. [2], xvi. 323-341; Dcut. Ohem. Grcs. Bcr. x. 1017-1023). 
The following table exhibits the results of the whole of Thomsen’s experiments on the 
heat of solution of the halogen-compounds of the metals. The numbers are calculated 
for a temperature of 18°. As it is very difficult and somotinios impossible to bring 
the amount of water in a hydrated compound into exact agreement witli the number 
of molecules in the formula, inasmuch as some compounds are very deliquescent, and 
others lose water in drying, the proportion of water (in molecules) as directly cleter- 
rain( 3 d by analysis is given in the last column. 


inidicle 

Formula 

Mols. of 
water in 
solution 

Heat of 
solution 

Analysis 


KCl 


200 



4*44 

— 

Potassium . . . - 

KBr 


200 

— 

5*08 

— 


KT 


200 

— 

5*11 

— 


NaCl 


100 

— 

1*18 



1 

NaBr 


200 

— 

•19 

— 

Sodium . . . 

Nal 


200 

+ 

1*22 

— 

1 

NaBr + 

211-0 

300 

— 

4*71 

2*10 mols. 

1 

Nal + 211-0 

300 


4*01 

2*04 „ 

Lithium 

LiCl 


230 

+ 

8*44 


i 

Bad- 


400 

+ 

2-07 

— 

Barium . . . j 

BaBr- 


400 

+ 

4-98 

— 

Bad- + 

2W-0 

400 

— 

4*93 

1*98 „ 

i 

BaBr2 + 

2H‘^0 

400 

— 

4*13 

2*00 „ 


SrCP 


400 

+ 

11*14 

— 

Strontium . . . • 

SrBr- 
SrCl- + 

6H-0 

400 

400 

+ 

16*11 

7*50 

6*00 „ 


SrBr- + 

6IPO 

400 

— 

7*20 

6*18 „ 


CaCl- 


300 

+ 

17*41 

— 

Calcium . . . - 

CaBr- 

OaP 


400 

400 

+ 

+ 

24*51 

27*69 

— 


CaCP + 

611-0 

400 


4*34 

. 6*07 „ 

Magnesium . . . -j 

Mgcr- 
MgCP + 


800 

400 

+ 

+ 

35*92 

2*95 

6*11 „ 
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Chlorides, Bromides, and Iodides* 


Eadicle 

Aluminium , 
Zinc . 

Cadmium . 

Manganese . 
Iron . 

Cobalt 

Nickel 

Copper 

Lead . 

Thallium . 

Mercury 

Phosphorus 
Arsenic 
Antimony . 

Gold . 


Tin . 

Titanium . 
Silicon 

Palladium . 


Platinum . 


Hydrogen . 

Ammonium . 

Hydrosylamine . 
Platodiamine 
Triethylsulphine . 


AlW 
ZnCP 
ZnBr2 
ZnP 
CdOP 
CdBr2 
Cdl‘^ 

CdCP + 2H-0 
CdBr2 + 4H"0 
j MnCP 

* 1 MnCP + 4H20 

Fe^OP 
. . FeCP 

FeOP + 4H20 
• f OoCP 

* t OoCP + 6H20 
f NiOP 

* INiCP + 6H20 
CuCP 
CuBr^ 

CuCP + 2H20 
i PbCP 
1 PbBr2 
TPCP 
HgOP 
HgCPK2 + 

■ HgBr‘K2 
HgI^K2 
POP 
AsCP 
SbCP 
/ AuCP 
AuBr3 

J AuCP + 2H20 
AuCr^H + 3H-0 
lAuBr^H + 5H-’0 
SnCP 
SnCP 

- SnCP + 2H20 I 
SnCPK^ + H^O 
SnCPK2 1 

TiCP 
SiCP 

r PdCPK^ 

1 PdCPK^ 

PtCPK^ 

PtCPAm2 
PtBr^K^ 

PtCPK2 

PtBr®K2 

PtCPNa2 + 6H-’0 
PtBr«Na2 + GH^O 
PtClW 
PtBr«Na2 
HCl 
HBr 
HI 

NH^Gl 
NH^Br 
NHH 
NOH-iCl 

PtN‘H‘‘-^CP + H‘-’0 


400 

+ 15-03 

400 

+ 11-31 

400 

+ 3-01 

400 

+ -44 

400 

-96 

400 

+ -76 

600 

- 7-29 

350 

+ 16-01 

400 

+ 1-54 

2000 

+ 63-36 

350 

+ 17*90 

400 

+ 2-75 

400 

+ 18-34 

400 

- 2-85 

400 

+ 19-17 

400 

~ 1-16 

600 

+ 11-08 

400 

+ 8-25 

400 ! 

+ 4-17 

1800 

- 6-80 

2500 

- 10-04 

0000 

- 20-20 

300 

- 3-30 

600 

- 16-39 

660 

- 9-75 

800 

- 9-81 

1600 

+ 65-14 

450 

+ 17-58 

900 

+ 8-37 

900 

+ 4-45 

2000 

- 3-76 

600 

- 1-69 

450 

- 5-85 

1000 

- 11-40 

300 

+ ‘35 

300 

+ 29-92 

200 

- 5-37 

600 

- 13-42 

800 

~ 3-88 

1600 

+ 57-87 

3000 

+ 69-26 

800 

- 13-63 

— 

- 15 

600 

12-22 

600 

- 8-48 

800 

- 10-63 

— 

- 13-76 

2000 

- 12-20 

900 

- 10-63 

800 

— 8-55 

800 

+ 8-54 

600 

+ 9-09 

300 

+ 17-31 

400 

+ 19-94 

500 

+ 19-21 

200 

-■ 3-88 

200 

- 4-38 

200 

— 3*55 

200 

~ 3-65 

400 

— 8-76 

2(57 

- 5-75 


Formula 


Mols. of water] 
iu solution 


2500 

300 


Heat of 
' solution 


'+ 153-69 
+ 15'63 
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The anhydrous chlorides^ bromides, and iodides dissolve in water either ivith evolution 
or with absorption of heat, aluminiuin chloride showing the greatest evolution, and 
thallium chloride the greatest absorption. 

The anhydro%is chlorides, bromides, and iodides, which dissolve in water with evolu- 
Hon of heat, form crystalline compounds with water. — To this group belong the haloid 
compounds of Li, Ba, Sr, Ca, Mg, Al, Zn, Mn, Be, Co, Ni, Cu, Sn. The heat of solu- 
tion of the anhydrous chloride and bromide of cadmium is positive, and both bodies 
combine with water ; cadmium iodide, on the other hand, has a negative value, and 
this body does not combine with water at ordinary temperatures. The heat of solu- 
tion of the anhydrous chloride of gold, AuCP, is positive ; that of the bromide, AuBr®, 
negative ; the former combines with water to produce the compound AuCP.2H‘-’0 : 
the latter forms no hydrate. Sodium iodide shows a positive value, and crystallises 
in combination with water; the value for the bromide is almost nil, and the hydrate 
is easily decomposed ; that of the chloride is negative, and it combines with water at 
a very low temperature only. 

The hydrated chlorides, bromides, and iodides generally absorb heat on solution in 
water, but the following are exceptions : MgCl^ -f- dH^O, MnCP-{- 4H^O, FeCP-t- 4H‘0, 
OdCr-^-f 2H^O, and OuCP+ 2H-0. It is not unlikely that compounds of these bodies 
with a larger proportion of water are possible. 

The heat of formation of hydrates is positive, the evolution of heat being due, 
partly to the latent heat of water, and partly to the affinity of the haloid compound 
for water, and its value depends on the number of molecules of water taken up. 

The magnitude of the heat of solution of the anhydrous haloid compounds appears 
to be siibject to several laws. — In the case of the metals of the alkaline earths, the heiit 
of solution increases with the increasing atomic weight of the electronegative consti- 
tuent, the chloride evolving least, the iodide most heat. At the same time the heat 
of solution rises regularly from barium to magnesium, i.e. with the decreasing atomic 
weight of the electro-positivo constituent. 

The group of the alkali-metals shows a similar behaviour ; but potassium, and 
probably thallium, form compounds in which the value decreases with the electro- 
negative element, and this is probably connected with the fact that these two metals 
do not form hydrated haloid compounds. 

A comparison of the two groups exhibits some romarkahlo relations : thus tlie 
difference of tho heat of solution 

between BaOP and TPCP = 22*27 

„ SrCP „ K'W = 20*02 

„ CaCF „ xN-a'-Cr- - 19*77 

„ MgCP „ Li-CP = 19*04 

The compounds of the formula also show Ihat^ the heat of solution for 

equivalent quantities is greater in proportion as the atomic weight of the electro- 
positivo constituent is less. 

The heat of solution of the haloid compounds of the heavy metals exhibits the 
reverse of the above cases ; for the quantity is greatest for tho chlorides, and least for 
the iodides. 

Heats of Solution of Alkaline Chlorides and Witrates. Winkelmann 
(Pogg. Ann. cxlix. 1-32) has determined the heats of solution of the chlorides and 
nitrates of potassium, sodium, and ammonium at the temperatures 0° and 50°, and the 
specific heats of tho resulting solutions. In tho following table, k denotes the specific 
heat ; \ and tho quantities of heat required to dissolve 1 gram of^ the salt at the 
respective tomporaturos ; p tho percentage in grams of salt contained in the solution. 

Sodmn Chloride. 

h = 0*99608 - 0*01 079 yo + 0*000137 y?". 

== 32*1 — 1*837 + 0*0687 y>-, up to = 11*2. 

\ = 28*62 - 0*8475 p 0*00791 from p = 11*2 to y> = 32*04. 

~ 6*41 — 0*07 y>, from = 3*09 to y> = 26*03. 

JSodium Nitrate. 

k ^ 1*0015 - 0*01066 y> + 0*000161 jp", from 2 ? = 3*03 toy? = 19*19. 

k = 0*0410 -- 0*00<1 from y> = 25*03 toy? == 40*06. 

k - 0*8703 - 0*002233 y), from jo = 40*06 to y> = 70*09. 

X 64*4 - 0*728 y), from y> = 3*03 toy) = 23*6. 

A,) - 58*1 - 0*5221 y> 4 - 0*002644 y), from p = 23*6 toy) = 70'0. 

XrQ ” 51*1 - 0*3037 y?, from y? = 3*03 toy? - 31*3. 

45*1 - 0*123 y?, fromp = 31*3 top 70, 

Zfd Sup. 3 T 
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Potassium Chloride. 

Tc = 0-9965 - 0-011491 ^ + 0-0001086^^, from = 3*04 to^ = 29-4. 
A,, =: 69-48 - 0-75 i?, from ^ = 3-04 to ^ - 9-6. 

K = 65-4 ~ 0-34 p, from _ 2 ? = 9-6 top = 29-4. j 
Xso = 45*3 — O'lp, fromp = 3-0 lop = 29-4. 

Potasskm Nitrate. 

h = 0*9979 ~ 0-01039 p + 0-000143 p^, from p - 3*05 to p - 19-80. 

Kq = 95-9 - 2-123 p, from p = 3-05 top = 5-6. 

A. = 85-64 - 0-161 p — 0-0246 p^ from p = 5*62 top = 10*8. 

Ag^, = 73*66 - 0*42 p, from p = 3*0 top = 19-8. 

Ammonium Chloride. 

h « 0*9962 - 0-01114 p - 0*000132 p^, from p = 3*03 top ~ 25. 

A„ = 85-66 - 0-357 p ~ 0*0192 p^ from p = 3*0303 top = 9-98. 

\ = 78*26 + 0-387 p - 0*0287 p", from p = 9*98 top = 25^^ 

Ago = 55*1 + 0-1 p, from p = 3*03 top = 25. 


Ammotiium Nitrate. 

1c = 0-9835 - 0-00618 p, from p = 3-04 top = 20. 

h = 0*7925 + 0-008555p - 0-0002575 p^ from p == 20 lop = 40. 

Aq = 92-25 - 1-737 p + 0*04025 p-, from p - 3*04 lop = 20. 

Xo = 89*1 — 0-985 p + 0*0105 p-, from p = 20 top = 40. 

The Tallies of the specific heats of mtr<atG and chloride of ammonium not so 
well established as the rest. 

Winhelmann’s determinations do not exhibit any general simple rcdation bctwocm 
the heat of solution and the quantity of water required to dissolve the salt. 

Cold produced by Solution of Am-monium 3M'itrate in Water (J. 

Tollinger, Wien. Ahad. Per. [2 Abth.] Ixxii. 535-577). The spooihc heal of a solution 
of 1 mol. of the salt in 100 mols. water, or of 1 part by weight of thi- salt in 22*5 
parts by weight of water, is 0*95955 between 20° and 27°, or nearly 0-962 for ordinnry 
temperature. Thomsen found 0*962; Winkclmaim 0*956. The goiiera,! exprcHsiou 
for the molecular heat of 1 mol. of the salt in m mol. water is — 

Q 736 + 354-8 w. + 18^>?i“ 


20 + m 

or more simply for 7n < 8, 29*6 + J I’lon ; for m > 8, = 20 + 17*8w. The specific 

heat of the solid salt is, according to previous determinations by Tollinger, 0-129 
{ihid. Ixi, 319: Jahresh. f. Chem. 1870, 112). The estimation of the heat of solution 
at different temperatures * led, for the unit of weight, and for the moiociile (80) to 
the equations : 

Wt = 84-23 - 0-408 t and Wt ^ 6738 - 32*6 t 

The quantity of heat absorbed in the solution of 1 mol. of the salt in m mol. water 
at the temperature t is represented by the general equation — 

25342 + 7091 m , 39-6 m - 48 


= 


9 -h m 


- t ' 


20 + m 


For the point of solidification r, the determinations above given lead to the following 
equations : 

T = - 0-338® - 0-0015 ?)2. or T = - 

^ ^ 2-7 + m ’ 

in which p denotes the percentage of salt and m, as before, the numlier of molecules of 
H^O to 1 mol. 

With respect to the solubility of the salt, the investigations relating to thedi'torni- 
ination of the point of saturation give the equations — 

335-5 - 88-5 m 
4’44 + m 

The attainable minimum of temperature is limited by the points of solidification and 


— 88*5 + T64p;andS- 


* Compare Winkelmann, iwpm, and Ttioinsen, p. 987 of this Supplement. 
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saturation, therefore by r and S', for both of -which, accoi’ding to the formulae above 
given, 9 w=s 5'82. Substituting this value, we find 

T = S = - iT-a"". 

The most favourable proportion of a mixture for cooling a body down to a given 
temperature corresponds with that degree of concentration which just gives the 
saturation at the desired final temperature. For the practical application of mixtures 
of water or snow with ammonium nitrate as frigorific mixtures, Tollinger has 
calculated two tables according to the points of view above indicated. When snow is 
used, the molecular heat of fusion =1440 gram-degrees, and the molecular heat, 34, 
of ice, likewise enter into the calculation. 

Heat of Solution and Bllution of Hitric Acid. The following table con- 
tains the results of two series of experiments by Thomsen (Dent. Chem. Ges. Ber. vi. 
697), in the first of which a hydrate of nitric acid containing a-moleeules of water was 
mixed with the quantity of water required to make up 100 molecules, that 'is to say 
with 100 a-molecules of water; in the second series the acid was each time mixed 
with a quantity of w'ater equal to that which it already contained, that is to say, with 
a-moleciiles s. 


a 

[NO«H.aH"O,(100-a)H=O3 

a 

NU"H.aH''0, aH=0 

0*175 

6-650 kil.-deg. 

0*3125 

1*014 kil.-deg. 

0*5 

5*458 

0*625 

1*393 

1-0 

4-171 

1*25 

1*566 

1*5 1 

3-292 

2*5 

1-378 

2*5 

2-1-16 



3-0 

1-721) 



5-0 

0-7.)S 




From these values Thomsen draws the following conclusions : When a hydrated 
nitric acid is mixed with a quantity of water equal to that which it 

already contains, the evolution of heat at first increases with a till a becomes equal to 
1*244, at which point the quantity of heat evolved attains its maximum viiliie, viz. 
l’(556 kilogram-degrees. When the acid becomes weaker, that is, when a> 1*234, the 
evolution of heat diminishes, and when the acid contains 20 mnls. water it changes 
to absorption ; in other words, the thermic effect becomes negative. The absorption 
of heat on mixing the acid with water goes on till the acid contains 40 molecules of 
water, but on continuing the dilution, evolution of heat again takes place. The 
minimum of heat-evolution on mixing aqueous nitric or sulphuric acid with a quantity 
of water equal to that which it already contains, takes place at that degree of 
dilution of the acid at which the molecular heat (or calorimetric equivalent) of the acid 
is equal to that of the water contained in it. For hydrochloric acid this last statement 
does not hold good, because* in solutions of this acid the calorimetric equivalent of 
the acid is always loss than that of the water with which it is associated. 

The following values, true for the temporaturo 9*7°, arc deduced by interpolation 
from the results of experiments by Fertholot (Conij^t. rend. Ixxviii. 769-777). 


Formula nl' the 
orii-unal acid, 

NO"JI + 

]SfO=»H 4- O-SH-'O 
1*0 . 
1-5 . 

2 

3 

4 

5 

6 

7 

7-5 . 

8 

10 

16 

20 

40 

lOOH^O 


Evolution of Heat 
on dilution to 
NO'fl + 200 H“0 
7*16 kih-degreos. 
5*15 ,, 

3*84 

3*02 

2*32 

1-42 

079 

0-42 

0*20 

0*06 

-0*04 

-0*09 

-0*24 

-0*18 

-0*09 

-0*03 


3 T 2 
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From these results, Berthelot infers the existence of the hydrate He 

regards as incorrect the statement of Thomsen that the absorption of heat which takes 
place on diluting the acid with water changes to evolution c'f heat at certain degrees 
of hydration. The influence of temperature is dediicible from the formula 
=Q^-{-U~V, and while + is increasing to NO‘'H+ 200H-O, is less 
than 200, and consequently H greater than V, so that the heat of dilution increases 
continually with the temperature. The experiments of Hesse, Thomson, and Bnrtholot 
on the specific heats of these solutions, give for 

n 0 : H -- V = 0*040 (r - t); n ^ 10 .* U - V = O'OISI (r - /) 

?^ = 20 : U - V = 0*0116 (t - 0 ; = 40 : U - V = 0*0051 (t - i) 

= 80 : H - V = 0*001 (r - t). 

The molecular volumes of nitric acid solutions are represented approximately hy 

the formula 

V = 18® + 29 1- 


Thermic Effects of the S&eaction of Sulphuric Acid with Water. 

Thomsen (Ber. vi. 496) regards the greater number of the experiments hitherto made 
hy himself and others Stcppl. 633) on the evolution of heat attending the mixing 
of sulphuric acid with water, as deficient in accuracy, and has therefore undertaken 
new experiments, in which, for all determinations of large numbers, ho used 49 grams 
of strong sulphuric acid, SO'‘H‘-, or about a hundred times the quantity employed by 
Favre a. Silbermann. Two series of experiments were made, as in the case of nitri’e 
acid, a hydrate containing aH'-^O being diluted in the first series with (lOO-a)!!-!) ; 
and in the second with aH-0. All the hydrates wore analysed willi the groa.t';OHt 
care, so as to preclude as far as possible an error of 1 per thousand in thoir numbors 
of water-molecules. The following table exhibits the results. 


a 

»S0^aH=O, (100-a)H“O 

a 

J:iO".aU“C), afPO 

1 

16' 850 kil.-degrees 

50 

*174 Idl.-degretis 

2 

10*578 

100 

*206 

3 

7*486 

200 

•248 

4 

5*742 

400 

•328 

6 

i 3*768 

800 

•210 

10 

1*910 



20 

*692 



30 

•174 




From these values Thomsen calculates the quantities of heat evolved on mixinf'* 
1 mol. sulphuric acid, with n molecules of water. The results arc given in the 

following table : — 



Heat evolved in the 


Heat evolved in the 

n 

formation of 
SH=0^wH=0 

n 

formation of 

1 

6*272 kil.-degrees 

49 

IG‘676 kil. -degrees 

2 

9*364 „ 

99 

16*850 

3 

11*108 

199 

1 17*056 

5 

13*082 

399 

17-304 

9 

14*940 

799 

17-632 

19 

16*248 

1599 

17-848 


Bfmndlev iWten. Acad. Ber. [2 Abth.], Ixxi. 155-178) has repeated his measure 
ments ot the heat evolved on mixing sulphuric acid with water, with results appnjach. 
mg very nearly to those formerly obtained (%7id Suppl, 634). denoting by tin 
number of water-molecules added to sulphuric acid SOdH, the quanliiiJs of hea 
evolved in the formation of the several liydrates from 1 gram of SOfH'^ may la 
approximately represented within the limits and " 5 by tJio formula 


-Wn 


+ 1-588 


. 17-92. 
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The rise of icmperatitre t produced in the formation of the several hydrates is 
shown in the following table : 


n 

t 

t corrected 

n 

t 

t corrected 

0-5 

89*0° 

82° 

4 

138*7'’ 

133° 

1 

134.2 

127 

5 

125*1 

121 

1*5 

151*2 

145 

6 

111*9 

109 

2 

158-4 

152 

7 

99*3 

98 

2*5 

155*4 

149 

8 

91*2 

89 

3 

153*3 

145 

9 

83*8 

81 

3*0 

145*9 

140 

10 

77-0 

76 


The calculation of ^ is based on the specific heat of the hydrates at ordinary 
temperatures, that of t corrected, on the specific heat as it increases with the tempera- 
ture between 0° and 169^. 

The greatest rise of temperature amounts to 159°, and is obtained on mixing 
1 mol. SO'^H^ with 1-84 mol. H^O, or 1 part by weight of SO^H- with 0*338 part 
water. 

Berthelot (Compt. rend. Ixxviii. 716) has investigated the thermic relations of the 
crystalline hydrate of sulphuric acid, with the following results: 


degrees 

S0'‘H-.H20 solid + 400H20 evolves 0-712 

SOTP.H^O liquid + 400H-O „ 10*80 

Whence the heat of fusion of SO'‘H“.H‘0 = 0*368’^ 

SO‘H- liquid + IPO liquid = liquid, 16920- 10800 = 0*612 

SO‘H- solid + n"-0 solid = SO TP.IPO solid, 160G0- 7120- 1440 - 0*750 


The existence of the hydrate SO'^H^.H-O may be inferred, according to Berthelot, 
from its thermic relations. For, as appears from the experiments of Favre and 
Qmiillard (2nd Sii^ppl. 633), on mixing 1 mol. SO'TT" successively with ^ &c. mol. 
water, the quantities of heat evolved are proportional to the quantities of water 
added up to 1 mol. H-0, whereas above that limit they decrease rapidly. The 
variations in the heat-capacities and vapour-tensions tend also to the same conclusion. 

Thomsen, on the other hand (Ber. vii. 772), regards the existence of definite 
hydrates in the aqueous solutions of acids as not satisfactorily establislied. With 
regard to tho hydrate of sulphuric acid, the proportionality maintained 

by Berthelot of tho quantities of heat evolved on mixing 1 mol. SO‘^II- with fractions 
of a molecule of water is not homo out by the experiments of Favre and Quaillard 
above cited, or by his own. With regard also to the hydrate of nitric acid, 
KO^H.2K“0, Borthelot’s determination of tho quantities of heat evolved on mixing 
nitric acid with water are not convincing, and on the other hand, Thomsen’s own 
experiments show a continuous evolution oi heat up to SB-O, and therefore give no 
indication whatever of tho existence of a hydrate NO^H.2H“0. 

Thermic Changes attending the Solution of Chlorine in Water, and 
the Oxidation of various Salts toy Chlorine. Berthelot (Compt. rend. Ixxvi. 
1514-1522; Ann. Chim. Bhys. [5], v. 318-356) finds that the heat of solution of 
chlorine in water varies between 1*64 and 3*77 Idl.-dogreos, and considers that the 
variation is duo, not to the existence of two allotropic states of the gaseous chlorine, 
but to tho circumstance that the chlorine is sometimes simply dissolved by the 
water, and sometimes acts chemically on it, tho action being exerted both on the 
hydrogen and on tho oxygen. The decomp.osition of water by chlorine, with evolution 
of free oxygon (Cl- + H-0 = 2HC1 + 0-) should evolve 10 kilogram-degrees of heat. The 
formation of hydrochloric acid and the oxides of chlorine appears to be induced by the 
presence of a small quantity of a foreign body, perhaps a trace of hypochlorous acid. 

Similar irregularities are observed in the oxidation of mercurous chloride, stannous 
cliloride, and ferrous sulphate by tho agency of chlorine. Thus, in the action of 
cldorine- water on calomel, tho heat-evolved varies, for 35*5 grams of chlorine, 
botwoeri + 16*:i and + 22*8 kilogram-degrees; in tho action on neutral stannous chloride 
between + 36*5 and -i- 39*6, becoming constant however and equal to + 32*2 in presence 
of a c('rtain quantity of hydrochloric acid ; on neutral ferrous sulphate, between 20*44 
and 23*87, becoming constant and = 26*65 in presence of a molecule of sulphuric 

This number is considerably greater than the heat of fusion of the pure acid, viz. 0-86, 

and greater even than the sum of the heats of fusion of the acid and water, viz. 0*86 +1-44 = 2*3. 
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acid, and rising to 27*39 in presence of Those thermal variations 

may be explained on the assumption that, in the oxidation of the preceding salts, 
the chlorine first decomposes the water and produces oxides of cjflorine, with evolution 
of a smaller amount of heat for an equal weight of chlorine. T^icse oxides of chlorine 
however disappear in course of time, and bring about the same final condition, c.g. 
the formation of stannic chloride, SnClb but so slowly that the heat thereby evolved 
is not indicated by the thermometer. In presence of a large excess of dilute hydro- 
cliloric acid, the quantity of heat evolved becomes nearly constant, e.g. in the c^xso of 
stannous chloride = 38*5 kiL-deg. for 35*5 grm. chlorine. The action of chlorine on 
alkaline oxides gives constant quantities of heat : 

ForCl-andK^O + 25*4 

„ OP „ Na^O + 25*3 

„ CP „ BaO + 25*0 

On the other hand 

CPO dilute + K^O dilute gives + 19*2. 

Therefore 

CP gas + 0^ gas + water gives + 5*8. ^ 


In view of the irregularities above noticed, Berthelot is of opinion that calori- 
metric determinations, like those of Thomsen (p. 061), depending on oxidising actions 
under the influence of chlorine, are not to be depended upon. Free hypochlorous 
acid cannot be used for a similar purpose excepting in cases where the oxidation is 
very quickly completed. Potassmm permanganate also cannot be safely used for 
thermo-chemical investigations. On the whole, the use of indirect oxidation and re- 
duction in thermo-chemistry requires very great caution. 


Thermic changes accompanying the action of the Haloid Acids in 


Aqueous Solution on the Oxides of Potassium, Mercury, and Silver ; 
also the mutual displacement of these Acids from their Salts (Bortlulot, 


Compt. rend, ixxvii, 308) : 

2IIC1 (in 4 litres) K^O (in 4 litres) 

2HBr „ H- 


ICil.-tlcg. 
+ 27 * 1'8 
+ 27*60 


2HI „ 1 K^O 

HI (in 2 litres) + K Cl (in 2 litres) 
HCl „ + III 


+ 27*16 
+ 0*04jdiff. 

+ 0*10 0*06 


HCl gas + water (800^0) +17*43 

HBr „ „ +20-00 1 

HI „ „ + 19*57 I 

HgCP (in 12 1.) + (in 4 1.) 
HgCP(ml61.) „ 

HgCP (solid) + water (40 pts.) 

whence HgO + 2HC1 (dilute) = HgCP 


KCl solid + water 


-4*10 

KBr „ 


-5*45 

KI „ „ 

+ 8*34 
+ 8*18 
- 3*04 

-5*32 

dissolved . 

+ 18*92 


solid 

+ 21*96 



HgCP (in 8 1.) + 2KI(in8 1.) = HgP(ppd.) + 2KC1 (diss.) . . +41*02 

If the quantity of mercuric iodide dissolved be taken into account, tho last mirabor 
becomes 41*32, whence : 


HgO + 2HI dilute = HgP solid . , . . + 60*24 

NO^Ag (in 6 1.) + KCl (in 2 1.).... + 15*67 

2NO®H dilute + K-0 dilute . . . . +27*66 

2NO"Ag (in 4 1.) + K^O (in 4 1.) . . . . + 17*32 

whence 2]SrO®H dilute + Ag^O precipitated . . . +10*34 

2HC1 „ » „ ... i- 41*20 

2HC1 gas -k j> „ = 2AgCl + H“0 gas . + 56*8 


The last figure, however, is only approximately correct, inasmuch as the pliysical 
state of silver chloride, as shown by Stas, varies with the conditions of precipitation 
and more especially of drying ; the same is true for silver oxide. 


KO^Ag (in 6 1.) + KBr (in 21.) 
whence 2HBr dilute + Ag-0 = 2AgBr precipitated 

2HBrgas + „ = » +H2O gas 

HO^Ag (in 6 1.) + KI (in 4 1.) 

whence 2HI dilute + Ag^O = 2AgI precipitated . 

„ gas + „ „ „ +H®Ogas. 


+ 20*30 
+ 50*28 

+ 71*0 (approx.) 
+ 26*90 
+ 63*64 

+ 83*6 (approx.) 
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A comparisoD of these namhers shows that the mutual displacement of the halogens 
does not ih general produce any thermal effects which can he regarded as constant, 
or at all events as m' ^ Itiples, of a common constant. An approximately constant 
relation exists, however , for the salts of the alkali-metals, and for the acid chlorides, 
bromides, and iodides of certain non-metallic elements, and of certain organic com- 
pounds analogous in constitution to the haloid acids. 

The partition of an alkaline base, potash for example, between two haloid acids, 
cannot bo predicted on therraochomical grounds, since the quantities of heat evolved 
in the formation of the alkaline chlorides, bromides, and iodides are equal. In this 
case opposite reactions may take place accordingly as the solution is evaporated or 
precipitated. An excess of hydriodic acid expels the other two acids almost com- 
pletely on evaporation ; and hydrochloric acid is almost wholly expelled by an excess 
of hydrohromic acid ; hut the displacements are not complete when the acids are 
present in equivalent quantities. On the contrary, hydrochloric acid, even in con- 
siderable excess, displaces only a fraction of an equivalent of hydrohromic acid. A 
strong solution of hydrochloric acid added to a saturated solution of potassium iodide 
produces a crystalline precipitate of potassium chloride, containing only traces of 
iodine. Be^thelot considers that in this case the hydrochloric acid first divides the 
base with the hydriodic acid, and that the anhydrous hydrochloric acid, which, 
according to Berthelot, is always present in concentrated solutions, lays hold of the 
water which holds the potassium chloride in solution, and precipitates the latter. 

Berthelot has also observed the follo^ving reaction: (1 eq. in 4 1.) + 

KI (1 eq. in 4 1.) develops 13’67 and 13*61 kil.-deg. of heat instead of 20*6 : con- 
sequently HI dissolved + precipitated gives 23*0. Between the formation of 

solid mercuric chloride and that of the solid iodide by means of the dissolved haloid 
acids, there is, therefore, a thermal difference of 12*1, whereas fqr potassium iodide 
and chloride it amounts to only 1*1, and rises for silver iodide to 11*2, which number 
would fall hack to 8*4 if the observation were made at the first moment of precipita- 
tion. The formation of mercuric iodide surpasses, therefore, in a thermal point of 
view, that of all other known iodides. 

Formation of Cyanides (Berthelot, Comyt. rend. Ixxvii. 338). See also 2nd 
Sup2>l, 662 : 

Heat-units 

2nCy (in 4 1.) + HgO (suspended in 20 1.) .... 4-30*96 

HgCy solid + water (40 pts.) = solution . . . . — 1*50 

11 Oy gas, liquefied by pressure 4-5*70 

irOy liquid 4- water (largo quantity) 4- 6*40 

whence : 

2irCy dissolved + HgO = HgCy- solid 4-34*0 

2 fTOy liquid 4- HgO = HgCy" „ 4-34*8 

2llCygas 4- ITgO - BgCy- „ -i- H"0 gas . . 4-36*6 

'File formation of dissolved mercuric cyanide develops 4-12*06 more than that of 
mercuric chloride, and consequently mercuric chloride in dilute solution is completely 
doeumpo.sod by hydrocyanic acid. Experiment gave : 

lTgCy2 (in 32 1.) + 2IIC1 (in 4 1.). . . 4- 0*0 | N - == 11*8 

HgOi- „ -h 2HCy „ . . . 4- 11 *8 1 calc. = 12*0 

On the contrary, dissolved potassium cyanide is completely decomposed by dilute 
hydrochloric acid. 

2HCy dissolved 4- K*0 dilute ... 4- 5’92l-*^ 

21101 „ 4- „ ... 4- 27*18 - JN - 12U 

Strong hydrochloric acid, on the other hand, decomposes mercuric cyanide, the decom- 
position being duo, according to Berthelot, to the action of the anhydrous hydrogen 
chloride, which is either contained in the solution, or produced under the influence of 
heat, and exhibits, for 1 mol., an amoxint of energy exceeding that of the hydrated 
acid by G or 7 heat-units. Gaseous hydrogen chloride expels gaseous hydrogen 
cyaniilo from mercuric cyanide at ordinary temperature with evolution of 5*2 heat- 
imitfl for 1 mol. of the acid. 

Boriholot has also ohsiTvod the following developments of heat: 

2KCy (in 16 1.) 4- HgCP (in 8 1.) 4-33*4 

2KC1 ,, 4- HgCy- 0 

^ N stands for licat of nGutralisation (2;?,^ Sujipl. 028). 
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By caloulatioa, (]Sr-]!T,)-(N'-N',) = 13-6-3-0-(9-5-15.5)= + 16'6 foi 1 mol. acid, 
and for the above 2 mols., 2 x 16*6 = 32*2. 

The following is a marked exception to the law of thefmoneutrality of salts 
(p. 985), a double cyanide being formed, and the dissolution bfing attended with con- 
siderable evolution of heat : 


Hgl" solid + 2KCy (in 32 1.) + 

•+ 2KOy ........ + 9*4 


Total heat of solution . . 18*8 


This formation of double cyanides is shown still more clearly by the following 
experiment : 

HgCy” (in 32 1.) + 2ICOy (in 8 1.) . . . . . + 1T6 

Dilute hydrochloric acid added to the preceding liquid forms KCl and HCy : 

Preceding liquid + HCl (in 2 1.) + 5*2 

+ 2HC1 

The following experiments were made with silver cyanide: 

(1) m^Ag (in 16 1.) + HCy (in 4 1.) + 15*72 

from which 

2HCy dissolved + Ag^O = 2AgCy precipitated . . +41*8 

(2) NO’^Ag (in 16 1.) + KCy (in 4 1.) + 26*57 

whence 

2HOy dissolved + Ag‘0 = 2AgCy precipitated . . +41*8 

Consequently ’ 

2HCy liquid + Ag'-^O precipitated = 2Ag0y + H^O liquid . 42*6 

» gas + „ = ,, + „ . . 64*6 

j> „ + » 44*4 

Further, the formation of a double cyanide gave : 

KCy (in 4 1.) + AgOy precipitated + water (20 1.) . . 5*6 


Heat of Solution of tbe Alkalis and Alkaline Sartlis (BorLholut, Co 7 n])t, 
rend. Ixxvi. 1041, 1106). KHO (56*1 grams) in dissolving in 260 molecules of water 
gives out 12*46 kil.-degrees of heat; commercial pure potash containing KHO + 0*88Tl“O 
gave off only 4*60; the pure crystallised hydrate KH0.2H-0 gave —0*03. Tho 
quantities of heat evolved in the dilution of potash-solution, KHO.wIT-0, may be 
23 

represented by the formula A = as far as = 11 ; above that limit, tho term 
n- 


23 

"*“ 1 ^ must be appended; for values of n above 32 the formula is reduced to this 

latter term, and on further dilution heat is invariably absorbed. 

The heat of solntion of NaHO amounts to 4- 9*78 kil.-degrees ; for NaHO + 0*76JI“O 
to +7*31. The heat evolved on dilution of soda-solutions, NaHO.?iH“0, is repre- 
sented by the formula A = as far as ?2 = 5*6 ; for values of ^ between 5*6 and 18*4 


a correction of —0*60 must be made, and above 18*4 a further correction of— The 

2rh 

molecular volumes of soda-solutions decrease gradually, the limit of this contraction 
not being reached even at 200H20. The volume of dilute soda-solutions is smaller 
than that of the water which they contain. 

Ammonia^ FIH^ in dissolving, evolves 8*82 kil.-degrees. The quantity of boat 
given off in the dilution NH^.^iH-O with 200 H^O is represented by the formula 

volume of water at -16° dissolves 1270 vols. The molecular 

volume of the solution NH^-fJzH^O is expressed generally by the formula 
V = 18^2 4- 24 

n 

The quantities of heat evolved in the formation of the hydrates of CaO, JlaO, and 
SrO, _and the heats of solution of these hydrates, w*ore deduced from tho heat of solu- 
tion in dilute hydrochloric acid. 
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Kil.-deg. Kil.-deg. Kil.-deg. 

CaO + H^O . . +16'10; BaO + H^O . .+ 17*62 ; SrO + H-0 . . +17*2 jD. 

The dissolution of the ai '^lydrous bases in water gives rise to the following quantities 
of heat : 

CaO cone, solution . . +18*10; dilute solution . . +19*00 

BaO „ „ . . +27*88; „ „ . . +28*12 

SrO „ „ . +26*80; „ „ . . +26*8 


Hence may be deduced for the heats of solution of the three hydrates the numbers 
+ 3*0, +10*26, +9*64. In the formation of the hydrates BaH^O'^.9H-0 and 
SrH“0“.9H-0, 24*32 and 24*72 kil. -degrees of heat are evolved ; in the dissolution 
of the same hydrates in water, 14*06 and 15*08 kil.-degrees are absorbed. 

From the values above given Berthelot infers the existence of several hydrates of 
potash and soda, probably contained in the solution partly in the state of dissociation. 

Heat of neutralisation of tlie Alkalis, Alkaline XSartks, and Organic 
Bases (Thomsen, J, ^r, Chem. [2], xiii. 241-270). The heats of neutralisation of 
the alkalis, including thallium hydrate, and of the alkaline earths, exhibit great 
irregularities' when these bodies are dissolved as anhydrous oxides or as hydroxides; 
but all these anomalies disappear when the heat of neutralisation of the aqueous 
solutions is examined, and the resulting compounds remain in solution. In this case 
the quantity of heat evolved in the neutralisation of 2 equivalents of base is for 
hydrochloric acid 27*5 and for sulphuric acid 31*3 kil.-degrees. These values are the 
true heats of neutralisation of the bases mentioned. The same heat of neutralisation 
is exhibited by .organic bases analogous in constitution to potassium hydroxide, e.g. the 
hydroxides of tetramothylammonium, triethylsulphine and platodiamine. The heat of 
neutralisation of ammonia, on tho other hand, is considerably smaller : for sulphuric 
acid 28*15, and for hydrochloric acid 24*54 ; and it is not altered by the substitution 
of alcohol-radicles, for hydrogen ; thus for triethylamine it is for sulplupic 

acid 28*34, and for hydrochloric acid 25*04. The aromatic amines, however, exhibit a 
much smaller heat of neutralisation; for 2 mols. aniline and toluidine, it amounts to 
15 kil.-degi'ees for hydrochloric and 16 for sulphuric acid. Hydroxylamine also gives 
with hydrochloric acid only 18*5 kil.-degrees. In oxygenised organic bases the heats 
of neutralisation of the type is likewise lowered; thus methylquinine hydromde 
gives with hydrochloric acid about 20, whereas tetramethylammonium hydroxide gives 
27*5 ; triethylstibine oxide gave with 1 mol. sulphuric acid only 3*65 kU.-degrees. 
JStill greater "^is the difference when the oxygenated radicles are true acid radicles, as in 
tho amides ; for 1 mol. urea the heat of neutralisation is only 0*13. 

Heat of Solution of Alcohols in 100-120 times their weight of Water 


(Berthelot, Ann. Chim. FJiys. [5], ix. 307). 

Methyl Alcohol . . .2 Isobutyl Alcohol . . . 2*88 

Ethyl Alcohol . . . .2*5 Amyl Alcohol (ferment.) . . 2*80 

Propyl Alcohol . . . . 3*05 Glycerin 1*51 

Pseudopropyl Alcohol . . 3*45 

Heat of Solution and SiTeutralisation of Bthyl-sulphuric Acid (Ber- 
(helot, Comjgt. rend. Ixxxii. 246). 

C-H‘(H*SO0dil. + 4Na‘Odil +13*7 

C‘H'(H‘SO0 „ + iBaO „ +13*9 

Heat of Solution 

C^HXHNaSObH-O) crystallised ~ 3*14 

C-H'‘(HNaSO ‘) anhyd. (dried in cold vacuum) , . , . — 1*02 

C“H‘(HBa^SO^)H=0 crystallised - 2*13 

0-H'*(HBa-SO‘‘) anhyd. (dried in cold vacuum) . . . . — 0*35 


Heat of Solution of Alkaline Acetates. According to Berthelot {Compt. 
rend. Ixxvii. 975) the acetates of potassium and sodium, whether dehydrated by fusion 
or by exposure in a vacuum at ordinary temperatures, evolve the same quantities of 
heat on dissolving in watt^r, aud tho resulting solutions likewise exhibit the same rise 
of temperature when treated -uith hydrochloric acid. ^ Reischauer some years ago 
observed that fused sodium acetate when exposed to the air takes up 14 mols. water and 
deliquesces to a supersaturated solution, but that the same salt when dehydrated over 
sulphuric acid in a vacuum takes up only 3 mols, water without essential alteration of 
appearance. Berthelot attributes this difference .to the fact that the dehydration of 
tho salt in a vacuum takes place very slowly, and the slightest trace of the hydrated 
salt enclosed in the mass will prevent the formation of a supersaturated solution, which 
in all probability contains chiefly the anhydrous salt. 
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* The eyolution of heat in the formation of the sodinm and potassium salts of 
acetic and trichloracetic acids has been determined by Louguinine {JBidl. Soc. 
dhim. [2], xs. 342), with the view of studying the influence of the introduction of a 
halogen-atom into the acid molecule. The alkali-solution J employed were of the 
strength of 0‘75 per cent., and did not decompose the rfichloracetic acid. The 
quantities of heat evolved on solution were as follows ; 

Ivil.-ilcgrees 


Solution of Acetic acid (m. p. 16*5° ; b. p. 118°) in water 

0*360 

,, Trichloracetic acid „ ,, . . , 

Solution of Acetic acid in Caustic Potash 

2*9 

13*499 

„ Trichloracetic acid „ ...... 

: . 14*235 

Solution of Acetic acid in Caustic Soda 

13*468 

„ Trichloracetic acid „ 

14*166 


Hence it appears that the quantities of heat evolved in the formation of these salts 
is determined, not only by the type and constitution of the acid, but also by the 
nature of the elements of which it is formed. 


Thermal Changes attending the Solution and CrystaUisation of 
Sodium Butyrate and the iLllotropic modifications of Blemenfs (Bertholot, 
Cornet, rend. Ixxx. 512). This salt, in the crystallised as well as in the anhydrous 
state, gives out heat in dissolving : 

Kil .-degrees 


C'^H^NaO^ dried at 100° ....... 4-4*27 

„ dried in a cold vacuum 4- 4*21 

OH’NaOUH^O 4-3*06 

OTHNaO^iH^O 4- 3*44 

The formation of the crystallised hydrates from water and the anliydroi 
gives out the following quantities of heat: 

4- (liquid) = CTPNaO^.i^H^O . 4-()‘58 

CH’NaO^.JH^o 4 - fH-0 (liquid) == O^’NaO-.SH-O . -i-0*22 


The development of heat for the first semi-molccule of water is much greater (ha,n 
for the other five taken together, showing that the first hydrate is notsimjdy a mixture 
of the anhydrous butyrate with the highest hydrate. Deducting from these numbers 
the heat of fusion of water, namely 0*715 kil.-degreo for each semi-moloculo, tlio 
following results are obtained : 

C‘H’Na02 -h (solid) = C^H’NaO^.-J-IPO . . -0*135 

C‘H’Na02^H20 4 - „ = C^H'NaO'-^.SH-O . . -3*35 

C‘H'Na02 4 - 3H“0“ „ » 0»H’Na0“’.3n-0 . . -3*49 

The combination of solid water with solid sodium butyrate to a crystallised hydratti 
is therefore accompanied by a considerable absorption of heat, showing that the cliaugo 
ot state consequent on the mere low'ering of the temperature below O'", changes the 
thermic sign of the combination, which, moreover, takes j)laco directly. 

Similar changes of thermic sign occur in the allotropic modifications of element s. 
Tlio conversion of octohedral sulphur into solid insoluble sulphur is attended 
with evolution of heat, when it takes place below 18°, with no thermal change when it 
takes place at about 18°, and with absorption of lieat above 18° to about th(( mellhig 
point 113°, probably also in the fluid state up to about 100°. At 160°, on tins other 
hand, the ordinary liquid is converted into insoluble liquid sulphur, and this change 
is attended with evolution of heat. These changes are accompanied by unequal 
alteration of the specific heat of the two modifications of sulphur with the temperature. 
The formation and stability of the insoluble sulphur depend upon the sign of the 
thermal change which accompanies the reaction : at and above 160°, and below 18°. it 
IS stable, because its formation is attended with evolution of heat ; between 18°, and 
its melting point 113°, and probably also in the liquid state up to 160°, it undergoes 
spontaneous alteration attended with absorption of heat. 

In consequence of the change of condition of an element with rise of tomporaturo, 
a compound which at a certain temperature is unstable or explosive may ])ecomo stahb’ 
at a higher temperature. The formation of hydrogen selenido from its elcmonts 
in their ordinary state, that is to say, from red or metallic selenium, is attended, 
according to Hautefouille {Gomjyt, rend, Ixviii, 1554; Jalired), f. Ohem. 1869 1031 
with absorption of heat : 

4 - Se = H^So .... - 5-4 or - 4*2. 

But tlie same combination must develop 2 units of iioiit if Llie spodCo boat and heat 
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of vaporisation of the selenium be taken into account. Hence the stability of hydrogen 
selenide must increase as its temperature rises; and this will account for the observa- 
tion of Ditte (2nd 1079) that the quantity of hydrogen selenide formed by 

direct combination of its ( lements is a function of the temperature. 

Solution of ikniorphous Bodies. Duvernoy (Chem. Centr, 1874, 428, 440) 
finds that the solution of bodies which have no distinct crystalline structure, but 
approach more or loss to the amorphous state, such as gum, resins, plant-extracts, &c., 
is, in many cases, attended with evolution of heat, or where no conspicuous change of 
temperature can bo observed, there is, at all events, no diminution. This is shown by 
the following observations, in which the temperature of the solvent ranged from 
15^ to 20°: 


Substance 
Grum Arabic . 
Dextrin . 

Malt Extract, dry 
Caramel 
Liquor' 26 juice 
Myrrh . 

Catechu . 

Kino 
Sandarac 
Gruaiac . 

Benzo'in . 
Jalap-resin 
Shellac . 
Dragon’s-blood 
Catechu 


Solvent 

Water 

jj 

j> 

jj 

Alcohol 

JJ 

If 


JJ 


Bise of 
temperature 

1-6° 

1-5° 

1- 5° 
l*5°-2° 

0-5° -0*8° 

2- 5^ 

• l*5°-2° 
l°-2° 

1 ° 

1 ° 

1° and above 
0’S°-1° 


Pulverised loaf-sugar or sugar-candy, dissolved in a certain quantity of distilled water, 
produced a fall of temperature of 2° to 3° ; but when fused amorphous sugar, the 
so-called barjoy-sugar, was pulverised and dissolved in a small quantity of water at 
15°, the thermometer during the dissolution rose to 18° and higher. 

G. Floury {Compt. rmd. Ixxxi. 196) observes that on mixing a solution of 60 grams 
of sugar in 30 g. of water with 500 g. of dilute hydrochloric acid containing 389 of 
hydrogen chloride, a rise of temperature from 49*5° to 62*1° takes place, which ho 
attributes to inversion of the sugar. 


X'reezlng* Mixtures (Berthelot, Compt, Ixxviii. 1173). The three following 
processes take place in freezing mixtures, either singly or simultaneously. 1. Con- 
version of a liquid or solid body into gas (evaporation of ether or sulphur dioxide ; 
ri'.’iction of a bicarbonate with an acid). 2. Liquefaction of a solid body by mixture 
with a liquid (solution of salts), or by mixture with another solid body (crystallised 
sulphur trioxido and snow, calcium chloride and snow, &c.) 3. Chemical reaction 

within a liquid, attended with the formation of substances, the solution of which 
absorbs more licat than that of their components (dissolved alkaline acetates and dis- 
solved tartaric acid, according to Bertholot’s cxporinicnts) or better by the formation 
of bodies which are decomposed by water, such as the salts of weak acids (ammonium 
carbonate formed by mixing an alkaline carbonate witli sulphate or nitrate of ammonia), 
acid salts, &:c. 

Whichever of these three reactions may 
i — may he calculated from the equation : 

t - ^ 

in which Qt represents the heat absorbed ;p, p, • . . the weights of the products ; and 
c, . . . their specific heats. This temperature varies with the initial temperature 
if, hut attains its limit with the solidifying point of the mixture, on which account it is 
impossible to lower the temperature beyond a certain degree. 

The change of temperature which takes place on mixing snow with the crystallised 
hydrate of sulphuric acid, SIPObH^O, is the sum (algebraical) of three reactions, viz. 
the fusion of the hydrate and of the snow, which is attended with absorption of heat, 
and the combination of the two resulting liquids, which gives rise to evolution of 
heat : 

Kil.-degre 

Fusion of SK*0bH”0 gives . . . . — 3-68 n 

„ 17H'*'0 „ .... -24-31 -18*03 

Combination of SH/'^ObH-O with I7H’^0 . . + 9*8 ) 


bo employed, the fall of temperature 
"tpe 
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TMs is the quantity of heat absorbed for 422 grams of the mixture. To calculate 
therefrom the depression of temperature, this quantity of heat must be divided by the 
heat-capacity of the resulting mixture for a rise of tempera'^'ure of 1°, that is to say, 
by the product of the weight and specific heat of the mixtui^e. This gives : 

t — t, ^ — = — 0‘0526 kilogram-degree. 

The degree of cold obtainable by such mixtures is greater in proportion as the com- 
ponents have been previously cooled to a lower temperature. The limit is doterinincd 
exclusively by the solidifying point of the aqueous sulphuric acid produced, w'bich 
lies extremely low. But all degrees of cold hitherto experimentally obtained with 
freezing mixtures fall short of the theoretical amounts, because heat is absorbed 
from the sides of the vessel, and the lowering of the temperature is diminished 
by radiation ; chiefly, however, because a portion of the ice remains unmolted. 

The following table of the frigorific values of various mixtures of sulphuric acid 
and snow has been drawn up by Pfaundier {Wien. AJead. Ber. [2 Abth,], Ixxi. 509- 
537)j from his own observations on the evolution of heat in mixing the several 
hydrates of sulphuric acid with water (p. 896) ; the molecular heats oT the hydrates 
of sulphuric acid ; the solidifying temperature of sulphuric acid at different degrees of 
concentration {ibid, 351-391); and he latent heat of fusion of snow 79*4, and its 
specifl-c heat 0*5 determined by Bunsen: 


A 2 :ifliGcible to Miwkires (?/SO'‘H2 + 2*874H“0 with excess of Snow. Initial Tem^mitnre 

of the Materials 0^. 


Number of mol, 
snow to 1 raol. acid 

5 

Number of mol. 
snow dissolved at 
the commencement 

n- 2-874 

Temiicrature of 
the resulting 
mixture 

t 

i’iiial ieiniiciraturo 
of the nuxture 
after soluilun of 
tbc snow 

T 

.t’rignritle value of 
tlui luixiiure per 
mol. fur temp, t 

<1 

9-126 

9-126 

-37° 

-37 ° 

0 kil.-deg. 

10-5 

9-3 

36 

30-2 

2-5 

11*5 

9-5 

35 

25 

4 

13 

9-7 

34 

21-5 

7 

15 

10 

33 

17-8 

10 

] 6-5 

10-2 

32 

lG-5 

11 

18-5 

10-4 

31 

14-5 

1(5 

21 

10-6 

30 

12-4 

20 

24 

10-9 

20 

11 

24 

26-5 

IM 

28 

9-5 

27 

29-5 

11-4 

27 

8-0 

32 

32-5 

11-7 

26 

7-8 

37 

36 

12 

25 

7-0 

■11 

40 

12-4 

24 

5-5 

46 

45 

12-8 

23 

4-5 

54 

50 

13-2 

22 

3-9 

61 

58 

13-9 

21 

3-4 

72 

66 

14-4 

20 

3-1 

83 

76 

15-0 

19 

2-8 

97-6 

87 

15-7 

18 

2-5 

114 

98 

16-3 

17 

2-3 

130 

109 

17-1 

16 

2-1 

145 


To cool a body down to t, it is most advantageous to mix the hydrate SO'IP v 
2-874H-0 with snow in such proportion that, after the snow has been melted, the 
mixture may have the solidifying temperature t°. It will then, at tlu' heLdririi'ir. 
have a lower temperature To raise the temperature from z:° to r ° , a pr o - ■ d . 1 Tv 
very large quantity of heat Avill have to betaken up by the mixture: ‘oili iVom r 
upwards a much smaller quantity of heat will he sufficient to raise tlio tomporaluro 
by a given amount. Now the quantity of heat which the mixture must absorb to 
raise its temperature from t^ to is the frigorific value for the temporatimo t (for 
1 mol. of acid used). 


Cryohydrates (P. Gruthrie, Chem. Neivs, xxx. 237; Phil. Maq. 141, xlix. 1-20 
206-218,266-276; [6], i. 49-60; ahstr. Ghem. Soc. Jour. 1875,333,530; 1876, i! 
336; 11 . 169 1877, i. 36). Every salt soluble in water is capable of uniting with 
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water in definite proportion to form a solid hydrate having a distinct crystalline form, 
melting point and solidifying point. Those hydrates which form only at temperatures 
below 0° are called by ;iruthrie * cryohydrates.’ Thus sodium chloride unites with 
10*5 (? 10) mol. wjitoiv forming a hydrate which solidifies at -23°; ammonium 
chloride combines with 12R^O, forming a compound which solidifies at —15°. 

The temperature at which a cryohydrate forms is the same as that which is pro- 
duced on mixing the corresponding salt with ice, and among similar salts, that which 
unites "with the smallest number of water-molecules to form a cryohydrate is likewise 
that which produces the greatest degree of cold when used to form a freezing mixture. 
The following table exhibits the results of experiment with several salts. The 
numbers in column (2) show the lowest temperature producible by mixing a salt with 
ice ; those in (4) ‘show the molecular proportion between the anhydrous salt and the 
water of the cryohydrate (water- value, aqnavalent) : 


Formeua of salt 

Tempera- 
ture of 
freezing 
mixture of 
salt and 
ice 

Solidifying 
tempera- 
ture of 
cryo- 
ly (Irate 

Molecular 

ratio 

Percentage o 
sa 

in tlie por- 
tion of cryo- 
hydrate last 
solidified 

anhydrous 

It 

in the portion 
of cryo. solidi- 
fied just before 
the last 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

NaEr .... 

-28 ° 

— 24 ° 

8*1 

41-33 

41*61 

NI-IT .... 

27 

27*5 

6*4 

55-49 

57*6 

Nal .... 

26-5 

15 

5*8 

59-45 

59*39 

KI 

22 

22 

8*5 

52*07 

51*72 

NaCl .... 

22 

22 

10*5 

23-60 

— 

SrCP-i-6H‘0 . 

18 

17 

22*9 

27-57 

27-5 


17-5 

17 

10*2 

41-70 

42*-2 

NH^Br .... 

17 

17 

11*1 

32*12 

32*17 

NH‘‘N03 .... 

17 

17 

5-72 

43*71 

43*26 

NaNO=’ 

16-5 

17*5 

8*13 

40*80 

41*3 

NH'Cl .... 

16 

15 

12*4 

19-27 

19*27 

KEr .... 

13 

13 

13-94 

32*15 

81*80 

KCl .... 

10-5 

11*4 

16-01 

20*03 

20*07 

IC“OrO^ .... 

10-2 

12 

18-8 

36*27 

36*41 

Ea0r--i-2H=0 . . .| 

7‘2 

8 

37*8 

23*2 

24*0 

Sr(]Sr 07 . 

6-0 

6 

33-5 

25*99 

25*91 

MgSO^.|-7lEO 

5-3 

5 

23-8 

21*86 

— 

ZnSO‘-}-7H-0 

5 

7 

20-0 

30*84 

— 

KNO=‘ .... 

3 

2-6 

44-6 

11*20 

— 

Na"CO^ .... 

2-2 

2 

92*75 

5*97 

— 

CuSO‘ + 5IT‘0 

2 

2 

43-7 

16*89 

— 

FcyOH7H'0 

1-7 

2-2 

41-41 

3 6*92 

17*85 

KaSO^ .... 

1*5 

1-2 

114-2 

7*80 

7*5 

K“0r’O^ .... 

1 

1 

292*0 

5*30 

— 

Ea(NO«)- 

0-9 

0*8 

259-0 

5*30 

— 

Na*SO^ + 10IPO . 

0-7 

0*7 

165-6 

4*55 

— 

XC10=* .... 

0-7 

0-5 

222-0 

2*93 

2*88 

A1(NH'0(SO')“-h12H2O . 

0-4 

0-2 

261-4 

4*7 

4*2 

HgCP .... 

1 to 

0*2 

0*2 

450-0 

3*24 

3*29 

f 


The solidifying point of a mixture of two salts containing the same base or the same 
acid, lies between those of the constituent salts ; so likewise does the temperature of 
the mixture when used as a ciyogen. When salts with different bases and acids are 
mixed, partial decomposition takes place, resulting in the formation of two new salts. 
Thus a saturated solution of a mixture of KNO® and Na-SO* solidifies at —6°, as a 
mixture of NaNO^ and lOSO*, whereas NaNO® alone solidifies at — 17°. 

The following table contains the results of experiments with several mixtures of 
salts. The solutions were evaporated to incipient crystallisation, then cooled clown 
till the salts appeared dry, and the temperature required for the formation of the 
cryoliydrate was noted. The temperature of the mixture, as cryogen, in the last 
column, is the lowest that was observed on mixing the salt with snow or pounded 
ice in various proportions: 
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f 


Mixed salts 

Solidifying point of each 
constituent as cryohydrate 

Temp, of final 
solidification of 
thamixtnre as 
ciC'ohydrate 

Temperature 
produced by tlio 
mixture as 
cryogcn 

(«) 


(a) 

(6) 

(a+b) 

(a+b) 

KNO^ 

+ NaHOs 

- 2-6 

-17*5 

-17 

-IC'8 

KCl 

+ HaCl 

11*4 

22*0 

21 

21*8 

KCl 

+NH‘C1 

11*4 

15-0 

17 

18'{) 

1 Ba(N03)^ 

+ Sr(NO»)2 

0-8 

6*0 

4-3 

5*8 

BaCP 

+ SrC12 

8-0 

17*0 

8 

16'7 


+ Na2SO‘» 

17-0 

0*7 

7 

16-0 

2KN08 

+ Ha^SO'^ 

2*6 

0-7 

5 

— . 

HaNO® 


17*5 

1*2 

5 

— 

2K2SO^ 

+ 2HaCl 

1-2 

22-0 

12*5 



The following tables contain the results of experiments on the separation of Ice, or 
of a Hydrate, or of Anhydrous salt, from saline solutions below 0°, particular attention 
having been paid to prevent the supersaturation of the solution, especially with ice : 


NaCi; 

H=0 

vd;. p. c. 

wt. p. c. 

1 

99 

2 

98 

3 

97 

4 

96 

7 

93 

10 

90 

13 

87 

15 

85 

16 

84 

19 

81 

20 

80 

22 

78 

23'6 

76'4 

25 

75 

26*27 

73-73 

26'5 

73-5 

26-8 

73-2 

NH'*C1 

H=0 

wt. p. c. 

wt. p. c. 

1 

! 99 

3 

97 

5 

95 

7 

93 

10 

90 

13 

87 

15 

85 

16 

84 

17 

83 

18 

82 

19 

81 

19*27 

8077 

20 

80 

22 

78 

23*2 

76-8 

25 

75 

30 

70 


KNO'‘ 

H“0 

wt. p. c. 

\vt. p. c. 

1 

99 

2 

98 

3 

97 

4 

96 

5 

95 

7 

93 

8*5 

91-5 

10* 

90 

11*2 

88*8 

12 

88*0 

13 

87 

15 

85 

20 

80 

25 

75 

35 

65 

40 

60 

CaCP 

H“0 

wt. p. c. 

wt. p. c. 

1 

99 

2 

98 

3 

97 

4 

96 

5 

95 

7 

93 

10 

90 

15 

85 

20 

80 

28 

72 

36*45 

73-5 

39 

61 

45 

55 

HCl 

H“0 

wt. p. c. 

wt. p. c. 

1 

99 

2 

98 


fSaoil CoMtitation 
of solid body 


- 0-3° 

- 0-9 

- 1-5 

- 2-2 

- A2 

- 6-6 
- 9-1 
-ll-O 
-11-9 
- 15-5 
- 17-0 
- 20-0 
- 22-0 

~12-0) 
0-0 i 

+ 25-0 
+ 40-0 


Temp, of 
formation 


Ice 


Cryohydrate 
' Subcryo- 
hydrate 
NaCl 


Constitution 


of solid body 


- 0-4° 

- 1-6 

- 3-1 

- 4*6 

- 7T 

- 9-9 
-12-0 
- 13-0 
- 14-0 
-• 15-0 
-ld-8 
- 16-0 
-15*0 

- 5 
0 

+ 8 
+ 32 


Ice 


Cryohydrate 

NH*G1 


formation 1 tvonstitutiou 
of Kill id body 


0-1^ 

0‘3 

0*7 

M 

Vf) 

2-2 

2T> 

2*9 

3-0 

O’O 

2-0 

0-0 


+ 14*0 
+ 21*0 
+ 35*0 
+ 41-0 


J(iO 


Cryohydral.c 


SationI CoastitatioB 
of solid body 


~ 0-2° 

- O'/) 

- I'l 

- 1'6 
- 2-1 

- 3-3 

- 5-5 
-10-5 
-17*5 
-27'5 

-37-0{ 

O'O 
+ 15*5 


Temp, of 
formation 


lee 


Cryohydrate 
XJnknown 
hydrate 
CaGP + 6H“0 


Constitution 


of solid botly 


0'7 

2-0 


Ice 
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HCl 

\vt. p. c. 

n“0 

wt, p. c. 

Temp, of 
formation j 
^ ')f sc 

Constitution 
)lid body 

3 

97 

- 3-6 

Ice 

4 

96 

- 5-3 


5 

95 

_ 7-0 


6 

94 

- 9-0 


7 

93 

-11-5 


8 

92 

- 14-0 


9 

91 

-17*0 


10 

90 

-20-5 


12 

88 

~27'0 


14 

86 

~35-0 


16 

84 

-45-0 


KBr 
wt. p. c. 

±£=0 
wt. p. c. 

Temp, of 
formation 
of S( 

Constitution 
Dlid body 

10 

90 

- 3 ° 

Ice 

20 

80 

- 7-1 


30 

70 

-12-0 


32-15 

67*9 

-13-0 

Crvohydrate 

33 

67 

- 9-8 

KBr 

34 

66 

- 5-0 

1 

35-03 

65 

0 


39-7 

60-3 

+ 20 


43-2 

56-8 

+ 40 


1?I 

\vt. p. c. 

H“0 
wt. p. 0 . 

Temp, of 
formation 
of s 

Constitution 
olid body 

10 

90 

- 2-2° 

Icc 

20 

80 

- 5-1 


30 

70 

- 9-0 

}5 

40 

60 

-14-4 


52-07 

47-93 

-22 

Cryohydrato 

55-93 

44-07 

0 

KI 

58-9 

41-1 

+ 20 

3> 

01-4 

38-6 

+ 40 


NuT 

\vt. p. c. 

U"0 
wt. p. c. 

Temp, of 
formation 
of s 

Constitution 
olid body 

5 

95 

- 0-7° 

Ice 

10 

90 

_ 2-1 


15 

85 

- 3-0 


20 

80 

- 6-0 


25 

75 

- 8-5 


30 

70 

-11-8 

13 

35 

65 

-15-2 


40 

60 

-20-5 


45 

55 

-26-0 


49-2 

50-8 

-30-0 

Cryohydrate 

50 

50 

-29-5| 

Subcryo- 

hydrate 

55 

45 

-20-0 


60 

40 

-14-7 


61 -0 

38-4 

0-0 

Nal 

63-6 

36-4 

+ 13-0 

' 


(NH‘)=SO^ 
wt. p. c. 

H=0 
wt. p. c. 

Temp, of 
formation 
of s 

Constitution 

3lid body 

10 

90 

- 2-6° 

Ice 

20 

80 

- 6-0 

3J 

28-6 

71*4 

-10-8 


40 

60 

-16-0 


41-7 

58-3 

-17-0 

Cryohydrate 

41-9 

58-1 

0-0 

(NH7'SO‘ 

43-2 

56-8 

+ 19-0 

wt. p. c. 

H=0 
wt. p, c. 

Temp, of 
formation 
of sc 

Constitution 
)lid body 

10 

90 

- 3-5° 

Ice 

20 

80 

- 7-0 


30 

70 

-11-5 


40 

60 

-17*0 


43-7 

56-3 

-]7'2 

Cryohydrate 

47 

53 

-12-0 


51 

49 

- 5*7 


54-1 

45-9 

0-0 


66-5 

43-5 

+ 18-1 

)) 

MgSO‘ 
wt. p. c. 

H“0 
wt. p. c. 

Temp, of 
formation 
of B 

Constitution 

Dlid body 

5 

95 

- 0-6° 

lee 

10 

90 

— 1*5 


15 

85 

- 3-0 

99 

20 

80 

- 4-8 

99 

21-86 

78-14 

- 5-0 

Cryohydrate 

21-9 

78-1 

0-0 1 

MgSb‘‘ + 
7H=^0 

25 

75 

+ 15-0 

)) 

30 

70 

+ 31-0 


Ag^a» 
wt. p. c. 

H"0 
wt. p. c. 

Temp, of 
formation 
of s 

Constitution 
olid body 

10 

90 

- 0-8° 

Ice 

20 

80 

- 2-7 

}j 

30 

70 

- 4-7 

J5 

40 

60 

- 6-0 

)) 

48-3 

51-7 

- 6-5 

Cryohydrate 

50 

50 

— 5-5 

AgNO^ 

53 

47 

- 2-2 

jj 

55 

45 

0-0 

)) 

69-4 

30-4 

+ 19-5 

S) 

BaCP 
wt. p. c. 

H=0 
wt. p. c. 

Temp, of 
formation 
of £ 

Constitution 
lolid body 

5 

95 

- 0-9° 

Ice 

10 

90 

- 2-2 

>5 

16 

85 

- 4-0 


20 

80 

- 6-0 


21-83 

78-17 

- 7-0 

Cryohydrate 

28-98 

76-02 

0-0 

BaCI" + HK) 

30 

70 

+ 25-0 
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• FeSO^ 
wt. p. c. 

H»0 
Wii. p. c. 

Temp, of 
formation 
of s 

Constitution 
ilid body 

NaC=H-'’0= 
wt. p. c. 

H^O 
wt. p. c. 

Temp, of 
formation 
; ois 

Constitution 
olid body 

5 

10 

14-5 

14-9 

95 

90 

85*5 

85*1 

~ 0-2'' 
- 0*8 
~ 2-0 
0*0 

Ice 

Oryolivdrate 
FeSO' + 7H-0 

22 

23*3 

26*6 

78 

76-7 

73-4 

-16-0 

-18*0 

o-oj 

Ice 

Cryohydrate 
NaO“IPO- + 
?H-0 

NaNO^* 
•vrt. p. c. 

H=0 
wt. p. c. 

Temp, of 
formation 
of s 

Constitution 
}lid body 

KC=H='0“ 
wt, p. c. 

H“0 
wt. p. c. 

Temp, of 
fomation 
of s 

Constitution 

3lid body 

5 

10 

15 

20 

25 

30 

35 

40*8 

42-34 

95 

90 

85 

80 

75 

70 

65 

59*2 

57-66 

- 2-0° 

- 4-2 
^ 6*3 

- 8*4 
-10*8 
-13 
-15*5 
-17-5 

0-0 1 

Ice 

5) 

f) 

V 

Cryohydrate 

iN-aNO^orSub- 

Cryobydrate 

5 

10 

15 

20 

25 

30 

95 

90 

85 

80 

75 

70 

- 2-0° 
~ 4-6 
- 7-4 
-11-2 
-16*0 
-22-5 

Ice 

JJ 

?) 

f. 

wt. p. c. 

wt. p.c. 

Temp, of 
formation 
of s 

Constitution 
jlid body 

rb(NO=)= 
wt. p. c. 

H=0 
wt. p. c. 

Temp, of 
formation 
of s 

Constitution 
olid body 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

61-33 

67-4 

95 

00 

85 

80 

75 

70 

65 

60 

55 

50 

48*6 

32-67 

- 0-3° 

- 0-5 

- 0-9 

- 1-3 

- 1-8 

- 2*4 

- 3*2 

- 4*1 

- 5-4 

- 7-0 

- 8-5 
0-0 

Ico 

M 

V 

J) 

>> 

Cryohydrate 

5 

10 

15 

20 

26-23 

29-89 

95 

90 

85 

80 

73*77 

70*11 

- 0-3° 

- 0-5 

- 0*7 

- 1*2 
- 2-5 

0-0 

Ice 

Cryohydrate 

Pb(N 07 -‘ 

Sr(NO“)“ 
wt. p. c. 

H®0 
wt.p. c. 

Temp, of 
formation 
of s 

Constitution 
olid body 

wt. p. c. 

wt. p, c. 

Temp, of 
formation 
of Hi 

Ounstiiutiuu 
olid body 

5 

10 

15 

20 

26 

29*62 

95 

90 

85 

80 

74 

70*38 

- 0*5° 

- 1*2 

- 2*3 

- 3*8 

6 

0* 

Icu 

)) 

J3 

Cryohydrate 

Si-(NO«)- 

5 

10 

15 

20 

25 

30 

35 

40 

45 

95 

90 

85 

80 

75 

70 

65 

60 

55 

- 0-8° 
- 2-0 

- 3*3 

- 5*0 

- 6*2 
- 8-8 
-11-5 
-13-9 
-16*7 

Ice 

Ca(NO^)“ 
wt, p, c. 

H“0 
wt. p. c. 

Temp, of 
formation 
of B 

Constitution 

olid body 

5 

10 

15 

20 

25 

30 

95 

90 

85 

80 

76 

70 

- 1*1° 

- 2*3 

- 4*2 

- 6*0 
- 9*3 
-12*9 

Ice 

>} 

)} 

wt. p. c. 

H-0 
wt. p. c. 

Temp, of 
formation 
of Si 

Constitution 
olid body 

5 

10 

15 

20 

25 

30 

35 

40 

45 

95 

90 

85 

80 

75 

70 

05 

CO 

55 

- 0-7° 

- 1*4 

- 2-5 

- S-7 

- 4*7 

- 6*3 

- 7*0 
-10*1 
-13*0 

Ice 

35 

NaC=H"0'' 
•wt. p. c. 

H=0 
wt. p. 0 . 

Temp, of 
formation 1 
of S( 

Constitution 
olid body 

5 

10 

15 

20 

95 

90 

85 . 
80 

- 2*2° 

- 5*1 

- 9*1 
-14*0 

Ice 
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following results : 

Solutions containing 20 per cent. BoUd Bodies : 

AgNO^’ 


H=0 

20 g. 

10 g. 

120 g, gave ice at —4-3° 

20 

20 

160 „ 5-0 

20 

30 

200 „ 5-5 

10 

20 

120 „ 5-8 


Solutions containing 30 per cent. Solid Bodies : 

30 g. 

15 g. 

105 g. gave iee at — 6’8° 

30 

30 

UO „ 8-0 

20 

30 

116-6 „ 8-9 

20 

40 

HO „ 9-1 


These values agree nearly with those calculated on the supposition that the influence 
of each constituent of the mixture is proportional to its mass. 

In aq^ueous solutions of organic colloids, such as gum-arabic, white of egg, 
gelatin, and mixtures of the same, the separation of ice begins at 0°, and complete solidi- 
fication takes place at a temperature not lower than ~ 0‘5°. No cryohydrates appear to 
be formed, and in the solidified masses, ice and colloid can be distinguished side by 
side. Consequently gum arabic, for example, is inactive as a cryogen, inasmuch as 
wlion it is mixed in the form of powder at 0° with ice, the temperature remains 
unaltered. 


Decomposition by Heat — Dissociation — Thbemolysis. 

The following theory of Dissociation is proposed by A. Horstmann {Liebig's 
Annaleoi, obi'yi. 192-210). Sir William Thomson has pointed out, as a consequence 
of the dynamical theory of heat, that the entire universe is being gradually brought, 
by the sura total of natural forces, to a state in which all physical energy will be in 
the form of heat,, and that heat so diifused that all matter will be at the same 
temperature (see Heat, iii. 135). This conclusion has been put into mathematical 
form by Clausius {Logg. Ann. exxv. 400), who has worked out a magnitude called 
‘Entropy,’ which, in all the changes taking place in tho universe, is continually 
increased, but cannot be diminished by any known natural force. The limiting state 
above montioued will therefore he attained when the entropy has reached its greatest 
possible value, and under those conditions no further changes can take place except- 
ing those in which the entropy remains constant, as for example in the movements of 
the smallest particles of a body of constant temperature, in which those movements 
are restricted within given spaces, and their changes of velocity within fixed limits. 

In dissociation-phenomena, according to Horstmann, the limiting state is brought 
about in a similar manner, and is attained when tho entropy has become as groat as 
it can bo under tho conditions of the reaction. The problem is therefore solved when 
wo know by what circumstances and in what manner the entropy is altered during 
tho changes under consideration. Consider, for example, the resolution of a gas- 
eous body into gaseous constituents under a constant volume. The entropy is 
(1) diminished by tho consumption of heat in chemical work ; (2) increased by the 
separation from ono another of the atoms of the decomposed molecules ; (3) increased 
by the increase of distance between the still undecomposed molecules, which neverthe- 
less must still uniformly fill the same space ; (4) and (5) diminished by the increase 
in the number of molecules of the two products of the decomposition, and the diminu- 
tion of tho distances between these molecules. The entropy will therefore attain its 
maximum value when the greatest possible number of molecules has been decomposed, 
with tho smallest possible expenditure of heat, and when moreover the molecules of 
tho three gases have been moved as far apart from one another as possible. This, 
however, can in general happen only when tho decomposition is incomplete, whence 
it follows that a portion of tho original compound will always remain unde- 
’ composed. 

Horstmann has also deduced from his theory the following conclusions, which he 
has verified by experiments on ammonium carbamate {Beut. Qliem, Ges. Ber. ix. 
1625): 

1. The dissociation of a solid body, like chloride or carbamate of ammonium, 
whoso constituents are all gaseous, is smaller in amount in presence of ono of the 
products of decomposition than when tho decomposition takes place in a vacuum. 

Zrd Sujg. 3 H 
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2. The decrease in dissociation becomes greater as the pressure of that product 

of the action which remains in excess increases ; the laws regulating this decrease 
in dissociation may be formulated mathematically. f 

3. The tension-decrease of each constituent of the compound is equal for the 
same pressure, prorided that the molecule of the compound contains equal numbers 
of molecules of each constituent (sal-ammoniac, for instance). 

4. If, on the other hand, more molecules of one constituent are present in the 
compound than of the other (ammonium carbamate, &c.), then the amount of influence 
exerted by each constituent is different from that of the others, dissociation being 
decreased to a greater extent by the presence of that constituent the largest number 
of molecules of which are present in the compound. 

5. Dissociation is decreased by the same constituent in the same proportion at 
all temperatures, as soon as the pressure exerted by the constituent which is in excess 
stands to the dissociation-tension in a vacuum in the proportion corresponding with 
the temperature of the experiment. 

The experiments on ammonium carbamate were made, without artificial heating, 
at temperatures between 17° and 22®, at which, according to Naumann (2nd SuppL 
252), the dissociation-tension of ammonium carbamate in a vacuum is befC/een 50 and 
70 mm. When the pressure of an excess of carbon dioxide amounted to about double 
the dissociation-tension of ammonium carbamate in a vacuum, this tension was 
reduced to about 40 per cent., and with a sixfold pressure of carbon dioxide at about 
400 mm., it was reduced to about 20 per cent, of its original value. In presence ot 
an excess of ammonia, the dissociation-tension had sunk to about 40 per cent, of its 
original value, before the pressure of the ammonia in excess amounted to throe-fourths 
of the corresponding tension in the vacuum; with a double pressure, the tension was 
only 10 per cent., and with a six-fold pressure only 2 or 3 per cent, of its original 
value, scarcely amounting to 2 mm. 

Indifferent gases, such as atmospheric air, produce no porcopiiblo alteration in 
the dissociation-tension of ammonium carbamate. 

On the Theory of Dissociation, see also F. Mohr (2nd Siq^pl 636-638). 

Becoxuposition of Pliospliorus Pentachloride. The vapour-density of 
this compound, as determined by Dumas’ method, is 3’69 (iv. 512), that is to say, 
about half what it should be for a condensation to 2 voluinos : 

X 0*0693 = 7‘2. This result indicates a resolution of tlio vapour of PCI''’ 

2 

by heat into POP and OP ; and in fact it appears from experiments by Wiirtz: (Deut. 
Chem. Ges. Ber, ii. 162; Compt. rend. Ixxvi. 601) that when the pentachloride is 
volatilised at low temperatures, and the vapour mixed with air, the dimsity of the 
vapour comes out nearly equal to the normal value 7‘2. The niimhors thus obtaincnl 
were however all somewhat below this normal value, whence Wurtz infers that some 
amount of dissociation must have taken place, even at the comparatively low tompora- 
tures at which the experiments were conducted ; and to prevent this or diminish its 
amount, further experiments w'ere made in wliich the vapour of the pontachloritU* 
was allowed to diffuse into a space already saturated with the vapour of one of its 
decomposition-products, viz. the trichloride. Out of twelve determinations tlius 
made, seven gave numbers agreeing nearly with the normal density, four approxi- 
mated thereto more or less, and only one showed a scnsilile lixcoss above it, prohehly 
in consequence of peculiar circumstances in the experiment. These results show 
that the normal vapour-density of phosphorus pentachloride is that of an undecom- 
posed atomic compound. 

On the Dissociation of Sulphur Tetrachloride, see 2nd Suppl. 115; of 
Gaseous Hydrogen Iodide, p. 428 of this Supplement ; of Chloral Hydrate, 
p. 440 of the same. 

On an apparatus for exhibiting the Dissociation of Iodine Trichloride, see 
Brenken (Dent. Chem. Gres. Ber. viii. 489 ; Jahresh.f. Chem. 1875, 151). 

Becomposition of IMCercuric Oxide. Experiments on the decomposition 
by heat of pure mercuric oxide (freed from mercurous oxide by ignition with 
ammonium nitrate) have been made by J. Myers (Deut. Chem. Gres. Ber. vi. 11). 
The oxide was heated in a glass tube connected with a Geissler’s pump, whereby the 
tabe could be exhausted, and the pressure of the gas evolved on lieating the oxide 
could he measured. At 150° the tension of the gas soon reaches 2 mm. of mercury, and 
remains constant' when the heating is continued at that temperature for au hour, 
also when the heat is increased to 240® ; at 293° it does not exceed 2*5 mm., and at 
350° it amounts fco 8 mm. But above this temperature, the tension of the evolved 
oxygen has no superior limit, hut increases continuously, though slowly, with the 
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duration of the experiment, amounting to 16 mm. after five hours’ heating at 400°, 
and to 343 mm. after 7i hours’ at 560°. Hence Myers infers that up to a certain 
temperature (about 3 * 0°) the dissociation of mercuxnc oxide by heat is normal, the 
number of molecules decomposed in a given time at any constant temperature being 
equal to the number of those which reunite by coming in contact, so that a state of 
equilibrium or maximum tension is attained (see Pfaundler, Pogg. Ann. cxxxi. 54) ; 
but that above this temperature the tension has no superior limit, because the separate 
molecules have attained a rapidity of movement greater than that which is compatible 
with their recombination." The decomposition of mercuric oxide by heat exhibits 
the further anomaly that the tension of the liberated gas does not diminish on cooling, 
whether the cooling be slow or rapid. 

Hobray {Comgt. rend. Ixxxdi. 123) objects to the conclusions drawn by Myers from 
the experiments above mentioned, on the ground that the vapour of mercury being 
constantly removed by condensation in the cooler portions of the apparatus, the con- 
ditions for the attainment of a maximum tension of decomposition did not exist, and 
points out that in order to study the real phenomena of decomposition, it would be 
necessary to heat the substance in an apparatus of uniform temperature in every part. 
Operating ju this manner, Bebray finds that when a sealed tube containing mercury 
and oxygen is heated to 440°, the oxygen is almost entirely absorbed, and that even 
on rapidly cooling the tube, the combination completes itself before a temperature can 
bo reached at which the elements wonld be without action on one another. This 
difference of result is evidently due to the fact that in Myers’s experiments the 
tension of the mercury vapour was very low compared with that of the oxygen. That 
an apparent maximum tension was obtained at temperatures below 350° was probably 
due to the very slow rate at which decomposition proceeds at those lower tempera- 
tures. 

decomposition of Carbonates. Joulin {JBuU. Boo. Chim. [2], xix. 345) has 
examined the dissociation of metallic carbonates by heating them in a glass tube 
connected with a pressure-gauge and a mercurial pump. The salt was dried at a low 
temperature in an atmosphere of carbon dioxide, and the tube, having been exhausted, 
was then heated by immersing it in an oil-bath. 

Manganese carbonate began to decompose at 70°. At 150° the tension of 
the carbon dioxide attained a certain value, 215 mm., which remained constant for 
that temperature ; when the salt was allowed to cool, recombination took place, and 
the tension reverted slowly to its initial value. Above 200° the decomposition was 
nearly complete, and the elastic force of the gas increased constantly to two atmo- 
spheres ; the carbonate becumo brown, and little or no reabsorption took place on 
cooling. 

When the carbonate was heated to 100°, 150°, and 200° then allowed to cool, and the 
temperature raised a second time to 100°, the extreme tension was less than one-half 
of the tension attained when the salt was heated for the first time to 100°, and a 
third heating produced no sensible alteration of the lower tension. Since no ex- 
lianstion was effected during the three oper.itions, this result is probably due to some 
molecular change in the carbonate, which renders it more stable, and consequently 
more able to resist decomposition at low temperatures. This explanation is also 
strengthened by the fact that when the temperature of the bath was quickly raised, 
the clastic force of the gas nttainod a value, 489 mm., more than double of that at 
which it remained constant after a lengthened heating, viz. 215 mm. ; a circumstance 
which seems to imply that the molecules are not, in the first instance, in that condition of 
stable equilibrium which they finally acquire when the temperature has passed a 
certain degree, and remained uniform for a considerable time. 

The results of the experiments with silver carbonate were somewhat different 
from those with manganese carbonate, inasmuch as the decomposition of the carbonate 
and of the resulting oxide proceeded simultaneously at temperatures above 200°. 
Below this, the extreme tension was sensibly inferior to that of manganese carbonate 
under the same conditions, and the salt altogether underwent decomposition with 
greater facility. The decomposition was complete at 225°. 

Experiments with load carbonate (native cernssite) showed that the tension 
of the carbon dioxide, which at 150° was below 30 mm., rose to 75 'mm. at 250°, and 
increased rapidly up to 300° — at which complete decomposition took place — attaining 
in hours a force of two atmospheres. 

These experiments show that metallic carbonates are very easily decomposible, 
and indicate the necessity of groat precautions in their preparation and drying 
previous to analysis. 

On the Pmoclation of the Acid Carbonates of Ammonium, Potasskm, and Sodnm 
ki aqueous solution, see p. 409. 
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Recomposition of KydLrated Salts. Gr. Wiedemann Chem. [2], ix. 338) 
has examined the dissociation phenomena of several hydrated salts hy introducing them 
into the vaeunm of a barometer-tube, jand measuring the deppssion of the mercury 
produced by the pressure of the evolved aqueous vapour. Before mailing an observa- 
tion, the temperature -was kept constant for about half-an-hour, in order to ensure a 
xiniform distribution of heat through the slowly-conducting mass of the crystal. After 
about ten minutes, however, the level of the mercury was found to alter but very 
slowly. In spite of the precaution just mentioned, the results wore often irregular, 
the tensions observed at low temperatures often differing but little from those of pure 
water-vapour. To obtain constant results it was necessary, before introducing the 
crystals into the tube, to dry them over sulphuric acid in rarefied air till they showed 
traces of efflorescence on the surface. 

From numerous experiments on the sulphates of magnesium, zinc, cobalt, nickel, 
and iron (ferrous), it appears that the results obtained with any given salt, though 
they may differ slightly from one another at comparatively low temperatures, agree 
well at temperatures above 30°~35°. Moreover, the tension of the water of crystal- 
lisation is independent of the total amount of salt present, and of the space which the 
vapour has to fili, provided that the quantity of water which can escape from the 
surface of the salt is sufficient to saturate that space with vapour under the conditions 
of the experiment. 

Hydrated salts begin to lose water at low temperatures, the vapour then showing 
a small degree of elasticity ; as the temperature rises, the amount of water given off 
and the elasticity of the vapour likewise increase. Different salts exhibit different 
vapour-tensions at the same temperature. At 70'^ ferrous sulphate shows the higiiost 
vapour^tension, then follow in order the sulphates of cobalt, nickel, magnesium, and 
zinc. At temperatures above the melting points of those salts the tensions of their 
vapours increase with rise of temperature faster than below their mediing points, lait. 
no sudden increase occurs at the melting point. 

If^ and P be the elasticities of the vapours of pure water and of crystalline wafer 
respectively, and if the densities of these vapours vary at every tomperaturo as tlio 
elasticities; if also G- be the weight of a given volume (1 cubic motor) of satnratod 
water-vapour at the temperature t, and g b^e the weight of an equal volume of vapour 
from the crystals, then — 



In the following table the values of G and g are calculated in grams : — 



Water 

Magnesium 

sulphate 

Zinc 

sulphate 

Perrons 

sulphate 

Cohalb 

sulpliato 

Nickel 

sulphatti 

t 

25 

G 

22*7 

9 

18-0 

9 

14*5 

9 

15*6 

9 

17*2 

9 

11*3 

30 

SOT 

25*3 

19*1 

19-9 

22-9 

25*3 

35 

39*3 

33-0 

28*2 

28-1 

33-2 

33*0 

40 

50-9 

43-6 

40*3 

37T 

43-6 

43*6 

45 

65*3 

54-9 

52*4 

50-3 

56-7 

57*2 

50 

82-9 

59-5 

56*8 

58-1 

61-4 

63'1 

55 

104-6 

88-1 

80*1 

90-1 

93-0 

92*1 

60 

130-6 

107*5 

100-9 

114-1 

117*] 

115*0 

65 

162-0 

130-0 

121-7 

140-8 

145-6 

143-0 

70 

199-4 

160-0 

145-4 

175-D 

177*1 

175*3 

75 

243-7 

195*1 

(186-6) 

222*1 

213*2 

' 211-0 

80 

295*9 

229*8 

(230-3) 

267*9 

255*4 

252-2 


the amounts by-weight of crystallised salt which must give up its 
° ^ (supposing the salt to bo ^completely 

auffi r2peotivTly““ ^ multiplied by the numbers 1'07, 2-29, 2-22, 2-24 

aevapomsendtted in the decomposition ^ hydrated ^dtsTe incorrect S 

X? The“tT‘n tLperature wefe n”^ 

eMhUed o^^servations is that vapour^tension aduaul 
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composition throughout might be expected to give off at any fixed temperature a 
vapour of constant tension. Practically, however, this perfect uniformity of compo- 
sition in the salt cannot be preserved or even attained, because the water given off 
on heating is continually being reabsorbed by the dehydrated portions of the salt, 
whence arises a continual alteration in the condition of the salt, and consequently in 
the tension of the vapour given off from it. 

These changes in the state of a hydrated salt under the influence of heat are well 
seen in the case of cupric sulphate, on account of the change of colour consequent 
on the dehydration. A crystal of this salt placed in the vacuum of Hofmann’s vapour- 
density apparatus (15?^ Sup'pl. 1 127), and exposed to the temperature of boiling alcohol, 
turns white, if of sufficient size compared with the vacuum-space, on particiSar spots, 
especially where it touches the glass or the mercury, these parts being heated sooner 
than the rest. As the tension gradually increases, these white spots extend, and 
others appear on previously unattacked parts of the surface. But even after an hour’s 
heating the tension still goes on increasing, though very slowly, whilst the white of 
the portions first attacked passes through dirty-white to greenish-white, and at the 
same time the crystal is attacked to a greater depth. Sometimes particular faces of 
the crystal remain quite blue, and if the experiment he repeated after previous slow 
cooling*— whereby the attacked parts are restored to their blue colour— just those 
faces which had previously remained unattached are the first to exhibit the white 
spots. The darkening of the previously attacked portions from reahsorption of 
water, while the vapour-tension goes on increasing, shows that partially dehydrated 
cupric sulphate has a lower vapour-tension than the fully hydrated salt, and that no 
equilibrium of tension can be attained, till, by partial dehydration of still undecom- 
posed portions of the crystal and reahsorption of water by the first and most com- 
pletely dehydrated portions, the entire crystal has attained a uniform composition, 
for which the salt will require to bo kept at the same temperature for weeks or perhaps 
oven for months. If the crystal is proportionately small, but still of a size consider- 
ably greater than is required to saturate the available space with water-vapour at the 
given temperature, its whole surface is very quickly attacked, but gradually becomes 
darker again as the vapour-tension increases. After an hour’s heating, the increase 
of the tension becomes so slow as to lead to the idea that a state of equilibrium is 
about to be established. That this however is not the case might be shown by 
careful observation of the tension at a temperature kept constant for a considerable 
time (which however would be difficult), or by a slight lowering of the temperature, 
which would bo found to produce, not a decrease, but after some time an increase of 
the vapour-tension, showing that at the previously existing higher temperature the 
slate of equilibrium had not been attained. 

The vapour-tensions attained after equal times in different experiments made at 
the same temperature do not agree, and they are likewise different when the experi- 
ment is repeated -with the same quantity of the salt. The greatest alteration of form 
and structure takes place when the water is reabsorbed after cooling. On repeating 
the experiment at the same temperature, a vapour-tension equal to that previously 
observed is first attained, but more quickly, and afterwards a higher tension. If the 
cooling bo so conducted that the water cannot bo precipitated in the upper part of the 
vacuum, and then be taken up again by the crystal, with formation of numerous 
elevations and depressions, but may be enclosed between the surface of the tube and 
the rising mercury, and thereby prevented from acting on the crystal, the latter 
undergoes loss alteration and exhibits more equal vapour-tensions on repeated heating. 
Even at the ordinary temperature of a room, transparent crystals, well defined all 
round, and with sharp edges and smooth faces, exhibited a lower tension than those 
which were loss well-defined or had fracture-surfaces. In certain series of experiments 
also, on cooling down from a higher to the ordinary temperature, the vapour-tension 
never returned to the lower amount exhibited by a crystal which had never been 
raised above the ordinary t'emperature and thereby essentially altered in structure 
and composition (Naumann). On the other hand, Wiedemann (JPogg. Ann. cliii. 612) 
maintains that cupric sulphate belongs to that class of hydrates in which the influence 
of the air adhering to the crystals, and of the water enclosed in them, is such as to 
render it almost impossible to obtain concordant results in any experiments made to 
determine their vapoiir-teasions. 

Precht a. Kraut {Liebig's Annalen, clxxviii. 129--14:9) are of opinion that in the 
ex])orimonts of Holiray (152? Buppl. 425), and in those of Wiedemann and Naumann 
above noticed, sufficient attention has not been paid to two circumstances which have 
groat infiuonco on the course of the dissociation, viz. the quantity of the salt present, 
and the magnitude of the space to be filled by the vapour.^ Prom their own experi- 

** According to ■\Vlcdeinann, these conditions have no influence on the result, provided the salt 
present contains sulRcient water to saturate the space with vapour (p. 1012). 
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ments, made T^ith. a modified form of Hofmann’s vapour-density apparatus, on gypsum, 
cadmium stdghate, SCdSO^.SH^O, ferrous sulphate, FeS0^.7H^0, ammonio ferrous 
sulgJiate, cimmonia-ahim and ^yotasli-alum, they conclude that, 

at a given temperature in a limited vacuum, the vapour-tensi^a of a hydrated salt is 
a function of its quantity, increasing vfith the quantity, and approximating to a limit 
■which would probably be reached only when the quantity of the salt -was infinite. If, 
on the other hand, the temperature and the quantity of the salt are fixed, the attain- 
able tension will bo determined by the extent of the vacuous space, a small vacuuTU 
determining a comparatively high, and a large vacuum a comparatively low tension. 
Silicates, such as dioptase, CuSiO^.H-0, chrysocolla, Zn‘SiObIT’0, and okenito, 
OaSiO*.SiO“.2ffO, give off their water only at temperatures which are too higlr to 
allow of observations in a vacuum. These silicates, heated in a stream of dry air, 
began, for the most part, to give off their water at 100°, but the loss did not in any 
case amount to 1 mol. or even to a simple fraction thereof; at 300° more water was 
given off, but in no case was it possible to recognise distinct differences, from which it 
would be inferred that these silicates contained water in different modes of com- 
bination. 

The decomposition of hydrates by heat has also been studied hy Hannay 
{Ohem. Soo. Jour, 1877, ii 381-395) and by W. Ramsay {ibid. 395-399)*. Hannay 
has determined the loss of weight which various hydrates sustain in successive equal 
intervals of time when they are heated to different temperatures in a current of air. 
In general a hydrate parts with its water more or less quickly up to a certain point, 
after which the rate of dehydration becomes suddenly less and continues uniform up 
bo another definite point, and so on. These sudden alterations in the rate of dehydra- 
tion point to the formation of low'er hydrates, which give off their water loss quickly. 
Thus magnesium sulphate, MgSO'‘.7H‘0, lost at 100° in four minutes 8’36 p. water, 
whereby it was reduced to MgJ30‘b6H“0. The dehydration wont on at a nearly uniform 
but slower rate, till about 29 or 30 p. water had gone off in forty-five minutes, leaving 
the trihydrato, MgSObSH'-^O. The weight then diminished more slowly till the 
dihydrate, MgSOb2H“0, was left, after which it became extremely slow, till the 
remaining salt had the composition MgSObH^O. Similar results were obtained with, 
sodium sulphate, cine sulphate, calcium chloride, and sirontmm chloride ' 

Ramsay has made similar experiments on the amorphous hydrates of jilumina and 
ferric oxide, from which it appears that the variation in the rate of dcliydraliou of 
hydrated alumina from Al*0^.4H-0 downwards is perfectly continuous,* the curve 
which represents it not exhibiting any sudden break at the points corresponding with 
Al-Ob3H‘0, Al-Ob2H‘0, and AFObH-O. The same also is the case with the hycirates 
of ferric oxide, with the exception of Re'-OblFO, at which there is a smbbrn break of | 
continuity in the rate of dehydration. Hence Ramsay infers that, if there are really | 
four or five definite hydrates of alumina or ferric oxide, their vapour- tensions must 
differ but very slightly one from the other ; and he regards it as probable either that 
the hydrates Al^OblH^O, AFObSH^O, Fe^ObSIT'^O, &c. do not exist as dolinito com- ’ 
pounds (except Re^O^.H-O), or else that there arc a, groat number of hydrates of 
alumina and of ferric oxide, whose vapour-tensions differ from one another but very 
slightly, so that the smallest rise or fall of temperature is sufficient to convert a higher 
into a lower hydrate, and the contrary. Lead oxide, on the other hand, forms two 
definite hydrates, SPbO.H^O and 2PbO.H‘'^0. 

The vapour-tensions occurring in the dissociation of salts containing water of 
crystalhsation have been investigated hy A. H. Paroau {Ann. Phys. Cham. f2l i 
39-63) in the case of SrCF+ GH^O, CuSO‘‘ + 51FO, XJ^SO'^ -i- 3IFO, anclBiiCF-p 2IF()’. 
In the investigations relating to this subject described in the preceding pages and in 
Ut Suppl 425, the state of decomposition of a compound was modified by the intro- 
duction of different quantities of the substance into a vacuum. Pareau, on the other 
hand, examines the tension of dissociation by introducing into the vacuum a constant 
quantity of a crystalline powder in different states of dehydration. For this purpose 
the vapour is pumped out by a method similar to that which was applied to the 
carbon dioxide in Debray’s experiments on calcspar (Isi Suppl. 425). Up to 60° the 
mode of variation of the tensions of salts containing water of crystallisation is the sumo 
as that for pure water, the curves all running parallel to Regnault’s tension-curve for 
aqueous vapour, Moreover, the tension of dissociation is not a function of the state of 
decomposition of the salt. It is true that when the water is gradually withdrawn 
trom the salt, the tension alters at a certain temperature, hut this alteration is sudden 
It IS possible, therefore, that the salts investigated may exist in different states of 
equilibrium with their water of crystallisation. The results of these, experiments aro 


The papers alpvo referred to contain numeroiig tables, and diagrams of ciiives sbo\vinLrtlmrntn« 
Of decomposition of the several salts at different temperatures. ’ ^ 
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at variance with Pfaiindler’s theory, and with the mathematical developments of 
■Horstraann (p. 1009).^ Finally, Pareau draws attention to the following facts : ‘The 
curves deduced from his observations follow one another according to the number of 
molecules of crjstalli, nation-water, whereas Wiedemann’s curves, which all relate to 
salts with 7II“0, cut one another and lie close together. The tensions of strontium 
chloride and uranium sulphate agree together when both salts contain only 1-| mol. 
water ; and those of copper sulphate and uranium sulphate agree when both salts 
contain 3 mol.^ water. These results might find their explanation in the somewhat 
bold hypothesis that the dissociation-tensions of salts containing water of crystallisa- 
tion depend only on the temperature and on the number of molecules of crystallisation 
water, and are independent of the nature of the salt. 

Deco7nposition of Crystallised Totash~alum.—A. Naumann {J)eut. Ckem. 
Ges. Bcr. x. 466) finds that this salt, when heated to 100° in a sealed tube, gradually 
decomposes after fusion, its water of crystallisation being separated, and a solid body 
being deposited, probably consisting of the anhydrous alum ; and at the same time 
there is formed in the liquid, with the aid of the water set free, a basic compound of 
alumina, potash, sulphuric acid, and water, analogous to that which, according to 
former obs%irvations of Naumann, is produced in aqueous solutions of alum heated to 
100° (see p. 66 of this Supplement). The decomposition of alum in closed vessels 
takes place also to a small amount even at 78°, at which temperature the crystallised 
alum still retains its form, but not at 34°. 

O'U the Dissociation of Cliro7nc-alum in Aqiteous Solution^ see p. 68. 

Decomposition of Ammoniac al Salts m Aqueous Solution at low Temperakcres . — 
A. E. Leeds {SUL Am. J, [3], vii. 197) has examined the circumstances of these 
decompositions, by observing the reaction of the vapour emitted from the solution 
at various temperatures, mostly between 17^^ and 20°. The reagent employed was 
alizarin-paper, which, in contact with an alkali or with a solution in which an alkaline 
reaction is developed, immediately changes from yellow to red. The following are 
the results : — 


Salts 

Parts 
in 100® 

Ileactiou of Liquid 

Tempera- 

ture 

Ileaction of Yapour 

Ammonium Cbloride . 

10*60 

slightly acid 

37° 

strongly alkaline 


5*30 

38-5 

alkaline 


2*65 


39*3 

slightly alkaline 


1-325 


39*2 

Ammonium Sulphate . 

45*62 

acid 

60-5 

alkaline 

22*81 

>> 

51 

slightly alkaline 


11*40 

! 

50*5 


Ammonium Oxalate | 

saturated 
at 76° 

strongly alkaline 

- 1 

strongly alkaline 

Ammonium Acetate | 

saturated 
at 17° 

f 

acid 

55 

alkaline 


The point of sensible dissociation doubtless depends on the circumstances of the 
experiment, and on the delicacy of the apparatus and reagents employed. The 
temperatures above given must therefore be regarded, not as absolute, but as relative 
and valuable only as indicative of the comparative dissociability of these salts in 
aqueous solution. 

Decomposition of Calciu7n Chloride in Aqueous Solution. — A boiling solution of 
this salt begins to give off hydrochloric acid, as indicated hy the acid reaction of the 
condensed vapours, when its boiling point rises to 148°, indicating a degree of con- 
centration corresponding with the formula, CaCP + 4H-0. When the solution is 
distilled in a retort, the acid reaction does not show itself till the boiling point rises 
to 160°, evidently because the portions of hydrochloric acid first given off dissolve 
in the water which condenses on the upper part of the retort, and are carried back 
with it into the liquid (Libbits, Archives neerlandaiscs^ viii. 296). 


Eauiant Heat. 

Biathermancy. 1. OfEockSalt. From experiments by H. Enff {Vogg. 
A^m. clviii. 177-213), it appears that rock salt absorbs a considerable portion of the 
heat which falls upon it. The complete diathermancy attributed to it by Melloni is 
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only apparent, the fact being that rock salt absorbs only the heat rays that are 
absorbed by atmospheric air. bTow in Melloni’s experiments the heat "which foil 
upon the rock salt had already traversed a stratum of air, ^ that it no longer con- 
tained any rays that could be absorbed by the salt. See alfo J. B. Harrison {Phil. 
Mag. [5], iii. 424). 

2. Of Metals and Paper. — ^Aymonnet {Comvgt. rend. Ixxxiv. 259) concludes from, 
experiments on the diathermancy of these bodies, viewed in connection with the 
observations of Wiedemann a. Franz (v. 71) on the rapidity with which the equilibrium 
of temperature is restored in bars: (1). That metals and paper are not atliormanous. 
(2). That they are more diathermanous for the dark heat-rays omitted from metal lie- 
bodies below 100° than for luminous heat-rays, or those which are omitteL! just below 
redness. (3). That their absorbing power is less than that of water. (4). That it 
is possible to discover a mathematical relation between the absorbing power of a body 
and its conducting power. 

On the Reflection of Heat from Metals, see Knoblauch (Aimi. Ph/s. Qliem. [2], 
i. 1-13). 

3. Of Yap ours. The absorbing powers of the following vapours heat from 
different sources have been investigated by Gr. L. Hoorweg {Pogg. Ann. civ. 385-402). 


Leslie’s Cube 
Water-vapo^ir . 
Carbon Bisulphide 
Alcohol . 

Methyl Alcohol 
Ethyl Sulphide 
Ethyl Formate 
Ethyl Acetate . 
Total (emitted) 


Absorp-i Heated Copper p]ato 
tion .coated with Lamp-black 

Absorp- 

tion 

Hot Erick 

Absorp- 

tion 

1-7 

Water-vapour 

2 

Water-vapour , 

. 2*3 

2*1 

Carbon Bisulphide . 

5 

Carbon Bisulpliido 

— 

17 

Ethyl Sulphide 

197 

Alcohol . 

. 26 

18 

Alcohol . 

21 

Ethyl Sulphide 

. 27-5 

IS 

Methyl Alcohol 

23 

Ethyl Formate 

. 28T) 

22T 

Ethyi Formaio 

23 '2 

Ethyl Acetate . 

. 32-0 

26*5 

Ethyl Acetate 

27 

Methyl Alcohol 

. 37 

100 

Total (emitted) . 

100 

Total (omitted) 

. 100 


Hoorweg’s experiments likewise show that in vapours — as loug known with 
respect to solids and liquids — each successive stratum transmits a larger proportion 
of rays than the preceding. 


Influence of Length of the Ascending Air-ourrent. 

Air-cohnun of: 

__ cbm. 50 ohm. luO cbm. 

Water-vapour impcrcoptiblo l-O 2 

, Alcohol 9 17 21 

The disagreement between the results of Tyndall and of Magnus witli in^gard to 
the absorption of heat-rays by moist air is attributed by Hoorwog to the fact th;U. 
Tyndall overestimated the amount of absorption, in consequence of nogh'-cting or 
underestimating that which was due to the vapour condensed on the glass plates wit,h 
which his tube was closed, while Magnus, on the contrary, underestimated it in con- 
sequence of using too short a tube. 

According to H. Buff {Pogg. A^m. clviii. 177) tho diathermancy of hydrogen ga,s 
is very nearly equal to that of a vacuum. Bry air absorbs from 50 to GO per cunt, 
of the heat-rays, which penetrate it from a source of heat raised to tho boiling point 
of water. The absorptive power of moist air exceeds that of dry air by several 
units per cent., but not nearly to the extent maintained by some physicists. 

4. Ahsorg}tive power of Mementary Bodies in Solution. — From observat ions on tint 
absorption of heat-rays by solutions, Aymonnet infers {Qompt. rend. Ixxxiii. 97) tlmt 
the heat-absorbing power of all the elementary bodies referred to their atomic weight-s 
is the same, provided (1) that they are dissolved in tho same liquid; (2) that they 
are constituents of bodies of analogous chemical constitution. 

5. Influence of Temperature cm Absorptive Power. — According to Aymomxet {Co 7 npt. 

rend. Ixxxii. 153), reduction of temperature diminishes the diathermancy of flint "lassj 
but increases that of a solution of iodine in chloroform. ^ 

6. Bistrihdion of Heat in the Spectrum of the Electric By exporimonts 

with a battery of 50-100 large Bunsen’s elements, Besains finds that wlum the rays 
of the electric lamp are passed through a column of water 3 to 4 cm. long, tho heat- 
intensity of the dark part of the spectrum is considerably diminished, while the heat, 
of the luminous part remains nearly unaltered, amounting, as in the solar spectrum 
(Isi Snppl. 689), to about a third of the total quantity in the spectrum. The eleetrie. 
spectrum in fact agrees nearly with the solar spectrum in all respects, excepting ttiat 
it is somewhat less extended, especially towards the violet end {(Joinpt. roid. ixxxiy, 
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Conduction op Heat. 

1. In Solids. IsoUicrmal surfaces in Crystals (t. 73). — S^narmont’s method of 
determining the isothermal surfaces of crystals, which consists in coating a thin slice 
of the crystal with wax, heating the surface strongly at one point, and measuring the 
ellipse formed round this point by the melting wax {Ami. Ohmi. ^Phys. [3], xxi. 457), 
has been modified by W. 0. Eontgen {Pogg. Ann, cli. 603) as follows ; A well-cleaned 
plate of the crystal, e.g. a plate of quartz cut parallel to the axis, is breathed upon 
rather strongly in such a manner that the moisture may cover it in a thin uniform film, 
not in drops. If now a pointed metal rod strongly heated in a flame be set perpen- 
dicularly on the centre of the plate, the film of moisture will evaporate round the 
point in a well-defined ellipse. The experiment may be interrupted when the figure 
has attained any desired dimensions, and the figure fixed by quickly strewing lycopodium 
on the surface, and tapping cautiously on the plate so as to make the lycopodium stick 
only on those parts from which the moisture has not been evaporated. The elliptic 
figure thus left is so sharply defined that its dimensions may be measimed with great 
exactness, -kn two square plates of quartz cut parallel to the axis, the ratio of the 
elliptic axes was found by this method to vary between the numbers 1-274 and 1-323. 

0. Pape {Ann. Phys. Chem. [2], i. 126-147) has examined, by a modification of 
Senarmont’s method, the form of the isothermal surfaces in triclinic cupric sulphate. 
The mean values of the axes of the isothermal surface, regarded as an ellipsoid, were 
found to be a : 6 : c = 0’939 : 0-860 ll; a being coincident with the crystallographic 
axis A, and the other two being situated in the plane of the two crystallographic 
axes B and C, and forming with them the angle 16° 27', the axis h lying between 
+ B and + 0. 

According to Jannettaz rend. Ixxv. 1501) the axis of greatest heat-con- 

duction in uniaxial crystals is parallel to the direction of easiest cleavage ; if the 
crystal exhibits several directions of cleavage, the axis of easiest conduction is 
parallel to the 'direction of the gi-eatcr of the two projections, one parallel and the 
other perpendicular to the principal axis. 

For tourmaline, apatite, and pyromorphite, this rule is undecided, on account of 
the indistinctness of their cleavage ; calcspar and emerald form exceptions to it ; and 
these two minerals further show the peculiarity of contracting when heated, the one 
in the direction normal to the axis, the other parallel to it. The rule applies also to 
biaxial crystals, in which in fact it was first noticed by Jannettaz. 

In rocks, e.g. granite, gneiss, talc-slatc, mica-slate, and serpentine, heat is con- 
ducted with the greatest facility along those surfaces, planes, and lines between 
which there is the smallest amount of cohesion (Jannettaz, Compt. rmd. Ixxviii. 1202 ; 
Jahrcsh.f. Chem. 1874, 73). 

In Soils. A. V. Littrow AJead. Per. [2 Abth.], Ixxi. 99-151) has com- 

pared the heat-conductivities of different soils by placing the bulbs of thermometers 
at distances of 6, 12, 12 and 24 cm. from a source of heat, in a caoutchouc cylinder 
filled with the soil. In the case of dry soils the readings were taken at intervals of 
ten minutes ; with wet ones every hour. The results obtained were — (1). The 
mechanical condition of the soil exerts the greatest influence on its conducting power ; 
tlui finer the state of division the less being the conductivity of the soil. Presence 
of organic matter considerably lessens the conducting power. (2). The petrographical 
and chemical composition of the soil is of small importance compared with its 
mechanical condition, but lime and magnesia seem to lower the conductivity. (3). All 
kinds of soil conduct heat better when wet than when dry, since the air in their pores 
is replaced by the better conductor — water. (4). The conducting power of wet soil 
is greater than that of water, from which it follows (5) that the materials which 
form the soil are in themselves better conductors than water. (6). The conducting 
power of dry soils lies between that of water and that of air, while the conducting 
power of wet soils is greater than that of water ; so that the conductivity of water is 
between the two. 

In Metals. From the experiments of Becharme {Comp. re7id. Ixxxii. 731, 815), 
the rate at which heat travels along a bar of iron is, at any point, inversely propor- 
tional to the square of the distance of that point from the source of heat. According 
to Naccari a. Bcllati {Cimento [3], i. 72, 107), the heat-conductivity of iron is not 
affected by magnetisation. 

According to Horwig A^m. cii. 177) the heat-conductivity of mercury 

between the temperatures of 40° and 160° is perfectly constant. 

In Ebonite. J. Stefan {Wie7i. Almd. Ber. [2 Abtb.], Ixxiv. 438-462), from 
oxpm’imouts on the heat-conductivity of ebonite, has calculated the quotient Tc obtained 
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by dividing this magnitude by the specific heat referred to the unit of volume, one 
series of experiments giving ^ = 0*00928, and another series = 0'00938, these numbers 
having reference to the centimeter as the unit of length, and the second as the unit of 
time. On the magnitude k depends the rapidity with whicli ilififorences of tomperaturo 
in the interior of a body become equalised, and therefore also the rapidity with whicli 
a body cools down when exposed to a uniform temperature all round, as wht^n 
it is immersed in ice. As this property of bodies is seldom noticed, Stefan has 
given the values of h for several substances, in order to show the place of ebonilu 
among them : 


Hydrogen gas 
Copper 
Air . 

Iron . 

Ice 

Glass . 

Water 

Ebonite 


0*81 
0-2G , 
0’18 
0-011 
0-0034 
0-0015 
(^^00093 


Erom /!-, the heat-conducting power K. is calculated by the formula K^kes, in which 
c is the specific heat and s the specific gravity of the body. Eor ebonite, Stefan found 
c = 0-23, 5 = 1-22 ; therefore cs = 0*2806, and Z= 0-00026. According to their heat- 
conducting powers, therefore, the eight bodies above mentioned range themselves in 
the following order : 


Copper 
Iron . 

Ice 

Glass . 

Water 

Hydrogen gas 
Ebonite 

Air . 


0-17 

0-0057 

0-0016 

0-0015 

0-00030 

0-00026 

0*000(155 


On the conducting powers of difiTerent kinds of glas s for lieat and for electricity, 
see Electricity (p. 722). 


Heat-conduction in Iilquids. The order of conductivity of a few li(|uids for 
heat and electricity, was determined in 1868 by Paakow {Voq!j. Ann. cxxxiv. 613) 
with the results shown in the following table, the host conductors in each column 
being placed first : 


Conducting power for : 


Beat. 

Mercury. 

Water. 

Cupric Sulphate (coiic.) 
Sulphuric acid (sp. gr. 1*25). 
Zinc Sulphate (cone.) 

Sodium Chloride (cone.) 


Electricity. 

Mercury. 

Sulphuric acid (sp. gr. 1*25). 
Sodium Chloride ] 

Zinc Sulphate j-cone. solution. 
Cupric Sulphate 
Water. 


Experiments on the relative heat-conductivities of a considerable number of 
liquuls were made about tho same time by S. Guthrie, from which ho concluded that 
of aU known liquids (except mercury) water is the best conductor of limit, and certain 
ethers, e.g. ethylene bromide, amyl iodide, and ethyl iodide the worst (see Ist 


Absolute values of the heat-conducting powers of water and a few other liquids 
have been obtained by Lundqmst {fegg. Am. cliii. 481). whose resiills confirm tlio 
statement of Paaizow that tho conducting powers of liquids for heat and elcctricilv -ire 
not proportional to one another, and that the conducting power of liquids for b'cMl 
varies much less than their conducting powers for electricity. 

Tho- following table exhibits tho hoat-conductivities of certain liquids reforrod to 
the centimeter and second as units of length and time, calculated by A Wii.ko m u . 
(Pom. Am. dill. 481-498) from observations on the rale of cooling of (,l,o li,|ui.ls 
enclosed in cylindrical vessels. The, specific gravities and specific hoate arc also given" 
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Water 

Bodium Chloride solution, 33 '33 per cent. 
Potassium Chloride solution, 20 per cent. 
Alcohol . . , . 

Carbon Disulphide .... 
Grlycerin 


Heat- 

Spec. - 

Spec. 

conductivity 

gravity 

heat 

0*001540 

1 

1 

0-002676 

1*187 

0*773 

0*001912 

1*110 

0*808 

0*001506 

0*795 

0*600 

0*002003 

1*268 

0*259 

0-000748 

1*220 

0-612 


According to E. Sacher {Bingl, <pol. J. ccxxiv. 343) the conduction of heat in 
liquids whoso density decreases from below upwards takes place very slowly in the 
dowmward direction. The experiments were made by carefully pouring five layers of 
alcohol, sp. gr. O' 98 to 0*82, one upon the other. The same result was obtained by 
cooling experiments. 


Heat-conduction in Gases. The following values are given by A. Winkel- 
mann {Pogg. Ann, clvii. 497-555 and clix. 177-191) : 


Air . 

Carhop Dioxide 
Ethylene . 

Methane . 

Nitrogen Dioxide 
Nitrogen Monoxide 


Experiment 

Theory 

. 1 

1 

. 0*60 

0*86 

. 0*79 

1*13 

. 1*23 

1*76 

. 0*88 

0*96 

. 0*69 

0*91 


Also the proportions of the heat-conductivity of hydrogen to those of the following 
gases (each taken as unity) at 7'5° : 


Water- vapour 8’88 

Alcohol- vapour .11-07 

CS“-vapour . . 18'08 

Ammonia 6'93 

Ether- vapour 11'22 


Tlie alteration of conducting power with the temperature is expressed by the ratio of 
the lieat-conductivity of a gas at to that at 0°, namely, by (1 +7 t) : 1 . The ob- 
servations gave the folio-wing values of the tcmperaturo-cocfficienis 7, on the assump- 
tion of a constant specific heat for mercury, or 7, on the supposition that tho specific 
heat of mercury decreases with rise of temperature. Tho coefficients 7 correspond 
with the value 0‘002775 which was found for air and hydrogen ; 


Ethylene 



0*006110 

Nitrogen Monoxide . 



4468 

Water-vapour 



4712 

Alcohol-vapour 



6517 

CS--vapour 



6078 

Ammonia 



5476 

Ether-vapour . 



7400 

Carbon Dioxide 



5300 


On the Mechanical Theory of Heat, see Thermodynamics. 


0-005751 

4149 

4388 

6147 

5717 

6128 

7012 

4970 


HHBHOH'ITE. This name is proposed by v. Kohell {J.pr. Ckem. [2], yii. 45), 
instead of Montehrasife, fox the hydrated aluminium fluophosphate occurring at 
Montebras (Creiiso), and at Hebron in the State of Maine (U. S.) [2nd Suppl. 972). 
A specimen of liebronite from Auburn in Maine gave by analysis : 


APO-'* Li Na F H=0 Sp. gr. 

49-00 37’00 3*44 0*79 6-50 4*50 = 100*23 3*06 


HEIiECOBBA. On the microscopic appearances and behaviour with reagents 
of tho fibres of Ilelccodea or Billhergia Leopoldii, and certain other plants of the 
Bromeliaceous order, see p. 349 of this Supplement. 

HEXiEHXH. This substance, obtained from the root of elecampane {TnuJa 
Hellenmm), and hitherto regarded, on the authority of Gerhardt, as a distinct bitter 
principle, C‘-^‘H*^0^ (iii. 138), appears from the experiments of J. Kaller {Dent Chem, 
Ge^, Bar, vi. 1506) to ho a mixture of two different substances. In fact, when helcnin 
(m. p. 72°), prepared according to Gorhardt’s directions, is lieated to 50° or 60° in a 
current of air, a body melting at 64° sublimes, and the melting point of the residue 
rises above 72°; the former of these substances (inula-camphor) likewise passes over 
w’hon Gerhardt’s helenin is distilled with water. 
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To obtain pure lielenin, the root is exhausted with hot alcohol, and the needle- 
shaped crystals thereby obtained, which at first melt at 72^^, are repeatedly crystallised 
till their melting point rises to 109°-.! 10°. Helenin thus purified forms colourless 
inodorous needles, haying a faint taste, nearly insoluble in water, easily soluble in 
alcohol, and having a composition represented by the empirical formula CWO. All 
attempts to determine the molecular formula by the preparatiou of bromo-, nitro- 
derivatives, &c., were unsuccessful. 

Inula-camphor, the second constituent of crude holonin, remains in the alcoholic, 
mother-liquors, and is difficult to obtain in the pure state. A pz'oparation not quite 
pure gave, on distillation with phosphorus pontasulplude, a hydrocarbon (derhardds 
having the formula of cymeno, limla-cainphor, probably 

may be obtained pure, though only in small quantity, by distilling eloca,mpanc-root 
with water, as above mentioned; when thus prepared, it foimis prismatic needles 
having an odour like that of peppermint, and a burning aromatic t.‘i,sto. 

HBltlAIffTHFS, The chemical composition of the sunflow^er {BcUaiilJnis 
aomwus) has been examined by G-. 0. Wittstoin {Arch. jPJiarm. [3], viii. 289). The 
plant deprived of its seed loses on drying 72*25 per cent, water; the dry residue 
yields 1-9 per cent, ash ; the air-dried seed 4*173 per cent. ash. Diffier&t sorts of tho 
seed contain from 41 to 60 per cent, husk, and 40 to 50 per cent, kernel ; the kernels 
yield, by extraction, from 40 to 50*5 per cent, of a firtty oil. The ash of the plant and 
of its seed have the follovdng composition : a. Plant ; b. Seed. 

K Na E=0 Na=0 CaO MgO Al^O^* Fe’-0=* Cl SO“ P=0* 8iO“ CO^ 

a. 3*68 1*09 44*01 — 9*85 6*29 9*28 0*17 5*00 1*34 0*97 0*69 21-63 == 100 

A — 1-40 14*48 4-71 6-81 10-96 0*23 1*43 2-16 2*09 31*85 10*81 13*07 100 

Tho involucre of tho sunflower (grown in Alger-ia) contains, according to 1\I. 

Chciidon J. 'I}r(i.7'is. j]3]|, iv. 322), Ji transparent, c.olourluss, vesijious mass 

smelling like the resin of JPums marUi ma, ii(y\\xh\c in alcohol, and drying up, when 
exposed to the air in thin layers, to a hard brittle mass. This substance does not 
reduce Fohling’s solution at tho boiling heat; when slowly heated, it gives oil’ a 
volatile oil, and leaves a residue resembling colophony. 

HBMXAXiBtJMXlKr. Sec PnoTEins. 

KBMipxNric ACIB, mmcthyi-imcak add. 

bee Narcotine-derivatives. 

HBMZPSiOTBIIitr. See Proteids. 

KBINTWOOBXTB. A mineral occurring in hluo or l)luish-grtHm radial e spheruU^s ' 
on the pyrolusile of tho West Phoenix Mine, Cornwall Streak while, with a bluish- 
green tinge. Sp. gr. 2-67. Composition : 


APO» SiO= CaO CiiO J-VO*' JT"“0 

18*24 48-94 1-37 0-54 7*10 2*74 17*10 

(J. H. Collins, Jahrh.f. Min. 1876, 411). 

KBPTAITE, G'H»«. See Paraffins. 


Loss 

3*97 - 3 00 


HBPTIC ACIB, G2iH3'*^0^ = 3Cn-r''0-.IP*0 (Domarqay, CompL rend. Ixxxvi 
1135). An acid, formed, together with mothyl-isobiitylglvceric aeid 
C3H‘^(CH«)(C^H")0‘S and other products, by tho .•ictioii of alcoholic potash on ethvlie 
bromisobntylacetoacetate, = CI:F.CO.CBr(G‘IP).COOO'%'^ • ^ 


C‘«H>^Br03 + 2H20 = C-H«0 + lIBr -f- 00= + H‘ + C^F^O^ 

Hep tic acid. 

C’oH'^BrOs + m + 2K20 = C-’H«0 -e HBr + C«H»«Ob 

Methyl- j solailyl- 
glyccric acid. 

To prepare these compounds, isobiitylacctylacetic ether, mixed with its own woi<vhc 
of ice, is treated with successive small portions of bromine, care beino* taken that tljc* 
temperature does not rise above -5°. When alltho bromine lias Ireon added the 
liquid is allowed to get warm, and soon becomes colourless ; it is then poured in s’niMll 
portions into excess of strong alcoholic potash. From the liquid free from alcohol 
hydrochloric acid separates an oil which, when purihod and fracUoually distillod’ 
yields isocaproic (isobutylacetic) acid (see Hexoic acid), whilst isobntvlmolhvlrdvcoT*;/. 
acid remains in the flask in tho form of a inohilo liquid, changed for the most P'n-t bv 
heating into gummy anhydrides, a small portion, however, distilling with the aqueous 
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Heptic, oxylieptiCj and glycollic acids may be extracted by ether from the water from 
which the preceding acids have been distilled, and are separated by crystallisation 
from water and chloroform, in which heptic acid alone is soluble. Heptic acid forms 
flat needles, having a satiny lustre, and melting at 151° to a colourless liquid, which 
boils and decomposes at a higher temperature. It is slightly soluble in cold water, 
colours ferric chloride pale brown, and decomposes carbonates only on heating. Its 
composition is represented by the formula + H^O, and that of its barium salt 

by C-^H^“BaO^ ; it would seem, therefore, that the acid should have the formula 
C-^H^^O^. Closer examination shows, however, that it is only in its less energetic 
reactions that the triple molecule forms a single group, whilst bromine, phosphorus 
pentachloride, &c. break up this group. 

The study ofoxyhepticacid, confirms this view of the composition of 

heptic acid. This body is easily formed by the action of alcoholic potash on 
ethylic dibromisobutylmethylglycerate. After crystallisation from boiling water, it 
forms pearly scales, melting at 185°, and having the composition 30"H"®0®.H-0. 
Pentachloride of phosphorus converts it into a chloride, O^H^OOP, boiling, with 
decomposition, at 21°. Ammonia converts this chloride into the corresponding amide, 
melting and^-decomposing at 251°. Alcohol converts the chloride into the ether 
C^H^O^.OC-H^, boiling at 129°-130°, under a pressure of 10 c.m. ; at 230°-240°, with 
decomposition, under ordinary pressure. If ammonia be added to the solution of the 
chloride in a large quantity of alcohol, another amide, 0’'H®02.NH2 is obtained on 
evaporation, in slender needles melting at 87°. 

HEPTlKr3S, C^H^==:CH®.CH".0H‘'*.CH“.CH2 C~CH (also, but incorrectly, named 
Ile'ptylidcne and (Enanthylidene). A hydrocarbon, homologous with acetylene or 
othine, CHP; discovered by Limprieht, who obtained it by the action of sodium on 
monochlorheptylene, C^H^^Gl, and, together with hoptylene, by the action of sodium 
ethylate or alcoholic potash on heptylene chloride, C^H^’Cl- (iii. 148); afterwards 
more fully examined by Eubien (1 sj5 Suppl. 696). Eruylants {Ber. viii. 406) prepares 
it by the action of potassium hydroxide on the chloride or bromide, C^'H^^Ol'-^ or 
C^H^'^Br-, obtained by treating cenanthaldehydo with PGP or PBr°. It boils at 100°~ 
110°, and reacts with ammoniacal copper and silver solutions like acetylene. 

When the bromide C^H^Hr- is used for the preparation, a hr C"IT’T>r, 
is obtained as a bye-product, in the form of a colourless pungent liquid toiling at 165°. 

HEPTOIC ACXBS, = C“IP®.C00H. The properties of normal 

heptoic or cenanthylic acid, OH“.(CH“y’.COOH, iDreparod by oxidation of 
oonanthol with nitric or chromic acid, and by oxidation of normal heptyl alcohol from 
heptane, have boon described by Grimshaw a. Schorlemmer {2‘nd Sup'pl. 869). The 
same acid has been more recently studied by Mehlis {Lichkfs Anncden, clxxxv, 358- 
372), who prepares it by oxidising oenanthal with nitric acid, and by Liebon a. Janecok 
iihid. clxxxvii. 126-152), who obtain it by saponification of the cyanide C^H'^.OK, 
prepared from normal hexyl alcohol. 

Ammniim Iwytoate is easily soluble in water, alcohol, and other, and non-crys- 
talline. The nmial potassium salt, w^as obtained by Mehlis as a white 

silky non-crystalline mass ; by Grimsliaw a. Schorlemmer as a transparent jelly. 
The sodhm salt, C’H^'’HaO-, separates in needles or as a jolly, according to the rate 
of cooling (G. and S.) The c^inc, lead, andbojp^;cr salts have been already described 
{2nd Su^l. 870). 

The following derivatives of normal heptoic or cenanthylic acid are also described 
by Mehlis {loo. cit.) 

(EnaoitJioniiril, or Hexyl Cyanide, = G^H^^.CH, is formed, together with 

cenanthamide, by heating cenanthylic acid with potassium thiocyanate (Letts’s reac- 
tion) : 

+ ONES = + CO- -t- H'-'S, 

and C^H»'‘02 ^ CNHS = O^Hi^NO + CSO. 

Other reactions, how^ever, go on at the same time, by which the yield of these products 
is greatly reduced. 

Oananthonitril is a clear, colourless, neutral liquid, insoluble in water but soluble 
in alcohol and other. It boils at 175°~178°. Sp. gr, = 0*895 at 22°. It is decom- 
posed by boiling with potash, yielding potassium cenanthylate and ammonia. It 
quickly alters when exposed to the air. 

GCnaoUliamide, CG-I‘'’NO = C^B‘“O.NH-, is formed simultaneously with the nitril; 
also by the action of aniinonia on cenanthylic anhydride. When pare, it is easily 
soluble in water, alcohol, and ether. It crystallises from water in iridescent laminae 
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and from alcohol in pointed needles melting at 94°-95'^. By boiling with water or 
with alkalis it is resolved into oenanthylic acid and ammonia. 

(Emnthylic anhydride^ obtained by distilling the acid with phosphorns 

pentaehloride and heating the resulting oenanthylic chloride with potassium cenanthyl- 
ate, is a thick colourless liquid having a neutral reaction, and boiling at 2G8°~-271‘^ 
without decomposition. Sp. gr, 0'932 at 21°. Eeacts with ammonia to form the 
amide. 

Xsoheptoio Acid is produced by oxidation of isoheptyl alcohol (p. 1025), and 
may therefore be constituted according to oiilier of the ibllowing formiihc : 

( 1 ) ( 2 ) 
^l^^GH.CH-.Off.CH^CO.OH ' jj.O^Q^>CH'.CmCIl=.0IP.Cn». 

The isoprimary alcohol obtained by G-rimshaw from ethyl-amyl {^nd Sii^)pl. 642) 
yielded by oxidation an acid which boiled at 210°~213°; and the isoheptyl alcohol 
which Schorlemmer obtained from diethyldimothylmethano yielded kv oxidation an 
acid boiling at 209°-213°. The barium, calcium, and silver salts of tiieso two acids 
also closely resembled one another in their properties (see table on next page). It is 
possible, however, that one of the acids in question may ho constituted according to 
the first, and the other according to the second of the formula above given. 

Biethyl-naethylacetic Acid, C(C‘TI5)"“(0H3).C0-H, has been examined by 
E. Idanow (JStiU. Soa. Chim. [2], xxvi, 450), who prepares it by acting on /.inc-othyl 
with acetyl chloride, converting the resulting diethyl -mothyl-carbitiyl iodides into the 
corresponding iodide; heating this compound for six to eight days wilJi potassium 
cyanide ; and digesting the crude dicthyl-mothyl-carhinyi. cyanide at 120"-140° with 
fuming hydrochloric acid. The product thus obtained is distilled, mixed wilh cjmslii; 
soda, and evaporated to dryness; the residue is treated with aieihol, wliieli dissohnus 
out the organic salt; and^this, when decomposed by sulphiu'ic acid, yields the free 
diethyl-methylacotic acid in the form of a colourless oily liquid nearly insoluhh) in 
water, and having a fiiiiit, not unpleasant odour. After drying over (hdiydratod 
sodium sulphate and phosphoric anhydride, it boils at 207°-208° and does not solidify 
at -20°, Its normal jpotassium salt, (C'T[‘’)“(^lt‘')C.CO‘K, is very soluble and non'- 
crystalline ; ther/ezdJ salt, separates on cooling in Stella, tti gj*uu])s oT 

needles. The lead salt is a white precipitate, slightly soluble in cold water, the solu- 
tion becoming turbid when heated. 

The following table (p. 1023) oxhilnts a comparative view of the propert ies of normal 
heptoic acid prepared in the several ways above mentioned, also of isohept.oic acid and 
diethyl-dimethylacetic acid. 

KEPTOIC ABBEHYBB, C’H’‘0 - OTr^^CHO. mnanthaldeh/dv, QtnanthaL 
mianthol.-^h. polymcrido^ of this aldehyde is formed by prolonged contact with 
potassium carbonate. It is a solid body which may ho purified ]jy reerysta,lIiHation 
melts at 51°-52°, and when heated to 1C0°-1 70°, yields a liquid distillate wliich easily 
solidifies on cooling, but previous to that change of state, exldhils the eharacteristm 
reactions of an aldehyde with alkaline bisulphites and with silver nitrali^. Similar 
polymeric modifications are formed in like manner with acetaldehyde and henzaldelivdo 
(Bruylants, Ber. viii. 414), ^ 

KBPTYli ABCOHOBS, Eleven alcohols of this group are at pre.simt 

known, two primary, four secondary, and fivi' tertiary, viz. 


(1), Cm(OT)^CH20H 

Hexyl carbinol. 


(3). 


Methyl-pentyl carbinol. 

■'J(CH3)2 
Methyl-katapentyl *: carbinol. 

( 6 ). 


Primary. 

( 2 ). 

Secondary 

(4). 


{cmycR.{Gmy,cmoi[ 

Isobexyl carbinol. 


or 


Mothyl-isopgntyl carbinol. 
Mcthyl-pseudisopentyl car))i n ol . 


CH(CH3)'hCHOH.Cn(01P)'‘^ 

Di-isopropyl carbinol, 

* The prefix kata is aiipliod to the radicles of tertiary alcohols. 
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.s 

1 

OJ ‘3 
S<j 

S 

P 

Idanow 

00 

o 

o* 

o 

Is 

‘S 

1 

i 

Separates on 
rapid cooling in stel- 
late groups of flat 
needles ; on ‘ slow 
cooling in flat prisms. 
Gives off all its water 
over SO*H®, Not 
easily wetted by 
water, but dissolves 
freely therein, form- 
ing supersaturated 
solutions 


Bulky white precipi- 
tate, slightly soluble 
in boiling water, and 
separating ou cool^ug 
in tufts of small 
needles, turned brown 
by light 

^Normal Heptoic Acid | Isoheptoic Acid 

Prom Dimetliyl- 
diethyl-methane 
(Scliorlemmei) 

Sa 

0 

cs 

o 

w 

o4 

o 

m 


Amorohous 

Separates on evap- 
oration by heat as 
an amorphous film; 
but crystallises by 
sijontaueoiis evap- 
oration in long 
transparent needles 
or prisms 

plocculent crystal- 
line precipitate 

Prom Ethyl-amyl 
(Grimshaw) 

Boils at 210°-213°. 
Colomiess oily 

liquid having a 
sour and impleas- 
ant odour 


Eemains as an 
amorphous pellicle 
when its solution 
is left to evaporate 

Crystallises by evap- 
oration at a gentle 
heat in small 
needles 

Separates from hot 
solution as a gmn- 
ular or flocculent 
precipitate. Crys- 
tallises by sponta- 
neous evaporation 
in small needles 

From ISormal Heptyl 
Cyanide 

(Lielen a. Janecok) 

Boils under 734 mm. 
at 224°. Solidifies iu 
a freezing mixture 
to a crystalline mass 
melting at —10° 

fat 0°= 0*935 
Sp. gr. iat20°=0*9198 
i at40°=0*9084 

1 

S cp ^ 

CO aO +» 
r >. CO <3 

1- o oo 
u . *3> 

Cj O CO 

'a i'’ cs o 
cc 

s CO e: o 
tH t- O 

o-§6^ 

100 c.c. of the aqueous 
solution saturated 
at 8°-10°, contain 
1*6473 grams of 
anhydrous salt 

-fH=0. 100 C.C. of 

the solution saturated 
at 11°-13° contain 
0*916*6 to 0*9268 grm. 
of the anhydrous salt 


From Heptane 
(Grimshaw a. 
Schorlemmer) 

Did not solidify in 
a freezing mixture 
(pro.ahly from ad- 
mixtm*e of impurities) 
fat 0°=0*9359 
Sp.gr.Jat 9°= 0*9348 
iat28°=0*9235 


Thin laminse or broad 
needles. 100 c.c. of 
the solution satu- 
rated at 12° contain 
1*774 grams of this 
salt 

Thin flat needles. 100 
c.c. of the solution 
saturated at 8*5° con- 
tain 0*9046 grm. of 
the anhydrous salt 


1 

"a 

a 

a 

Boils at 219° Solidi- 
fies at —12° to a 
crystalline mass 
which melts at 
— .^° Sp. gr. at 
21° = 0*916 
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TiVhite iridescent 
lamiiice, melting 
with decomposi- 
tion at 238°-239°. 
Dissolves in 64 jits. 
water at 22° ; mod- 
erately soluble iu 
Ijoiling 85 per cent, 
alcohol 


White bulky pre- 
cipitate turned 

brown by light. 
Insoluble in cold 
water and alcohol ; 
slightly soluble in 
boiling water 
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liquid at —20°. Sp. gr. 
at 16° = 0*8735 

(C’H^"0=)=Ba. • Thin 

laminte or broad needles. 
100 c.c, of the aqueous 
solution saturated at 12° 
contain 1*7 grm. of the 
salt. 

Ca. Thin fiat 
100 c.c. of the 
aturated at 8*5° 
3*9046 grm. of 
Irons s^t 

Small woolly needles 
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HEPTYL ALCOHOLS. 


OH* 

(7). CH’ 

(OT)=CH.CH», 
Dimetliyl-isobutyl carbinol. 

OHM 

(9). C^HHCOH 

Gm.omom J 

Metbyl-etliyl-propyl carbinol. 


Tertiary. 

COH 


OHM 

(8). OHMOOH 

(CH^)3Cj 

Diincthyl-katabuLyl carbinol 

OHM 

(10). CW'OOH 

GH(CH'')-, 

Mctliyl-otbyl-iBopropyl carbinol. 


(11). (C'-H-f.COH. 

Trietbyl carbinol. 


Primabt Hepttl Alcohols. 

(1) . XTormal Beptyl iLlcolioly or Hexyl Carbinol, is produced : a, Prom 

oenanthaldeliyde by the action of sodium-amalgain. The best way of pi^eeeding is to 
dissolve the aldehyde in strong acetic acid, add liquid sodium-amalgam to the solu- 
tion, saponify the resulting heptyl acetate with potash, and rectify the alcohol over 
sodium. Heptyl alcohol thus prepared boils at 175'5° under a pressure of 755 mm. 
(Sehorlemmer, Liebig’s A^inalen, clxsvii. 304: ; see also 2nd Suppl. 644. 

C. J. Cross {Chem. Soc. J. 1877, ii. 123) also finds that normal heptyl alcohol pre- 
pared from cenauthaldehyde boils at 175*5° (bar. 764 mm.), and has a specific gravity 
of 0*838 at 0°, 0*830 at 16^ 0*824 at 27°, The chloride, prepaivd from it 

by the action of hydrochloric acid, boils at 159*2° (bar. 750 mm.), and lias a .siH'ciflc 
gravity 0*881 at 16°. The hro^mde, C^H'^Jlr, boils iit 178*5° (ba.r. 750*6 mm.), and 
has a specidc gravity of 1*133 at 16°. The iodide, C^n*'T, boils at 201° (bar. 754*8 
mm.), and has the specific gravity 1*346 at 16°. 

The acetate, j)ropa,rcd by heating the iodide at 180° with potassium 

acetate and glacial acetic acid, has a fragrant odour of pears, bolls at 191*5° (Irir. 
758*5), and has the specific gravity 0*874 at 16°. 

Heptyl manthglate, C^H‘=.C^H*='0-, prepared by heating tho iodide at 180° witJi 
silver oenanthylato (normal), is a liquid having a faint but disagrc'oablo fa, tty odour, 
and boiling at 270°-275° (bar. 760 mm.) 

HeptyUethjl oxide, C^H^'^.O.C'TP, produced by hcat.ing the iodi(l(>. with an al- 
coholic solution of sodium ethylate, is a liquid having an odour of lemons, boiling at 
166° (bar. 755 mm.), and having a specific gravity of 0*791 at 0°; 0*790 at 16" 
(Cross). 

(2) . Isobeptyl Alcobol, or Isobexyl Carbinol, either 

(Off)=CH.OH<=.CmcmCH“OH or jjq ^g’>OII.OT.CH“.Cmcn». 

This alcohol is obtained, together with mothyl-isopoiityl carbinol, l)y passing dry 
chlorine into the vapour of boiling etbyl-amy]', converting tho resulting inixtaro of 
primary and secondary chlorides into acetates, and saponifying tho latter. The iso- 
primary alcohol boils at about 165° (Grimshaw, 'Znd Httjjpl. 612). 


Secondaby Heptyl Alcohols. 

(3). methyl-pentyl Carbinol, CH».CHOH.(CH-)'CH’ fT. M. Morsan Chem 
Soo. J. 1875, 301). This alcohol has been obtained from normal heptane (from I'oun- 
sylvanian petroleum) by tho following process. The hydrocarbon (I) p 06°-99'°’) 
treated mth chlorine in the manner above described, yielded a mixture of chloride'’ 
boiling between 144° and 156°, which, when passed in the state of vapour over quick- 

redness, were converted into heptvlonea 
0’H‘‘, boding between 96° and 99°. On mixing these heptylenes with strong hydro- 
cMoric acid, and passing a stream of hydrogen chloride through the mixture, a lioplvl 
ohLoride was formed, which boiled with decomposition between 138° -ind M2° 'uiil 
was resolved by hea&ig with potassium acetate and acetic acid into hydroo'eii chloride 
and a heptyW This latter treated with hydiiodic acid was converted into an 
iodide, from which, by decomposition with lead acetate and sapoiiificaiion of (lie 

resulting acetic ether, aheptyl alcohol was obtained, which boiled between 140° • ml 


* Tho boUing point of the alcohol is there misprinted 155-5°. 
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141°, and was converted by oxidation with, chromic acid mixture, first into a ketone 
(b. p. 137°— 141°), and afterwards into a mixture of acetic and normal butyric acids: 
it appears therefore to be a secondary alcohol, but its constitution has not been 
exactly determined. 

The portion of the heptylenes not attacked by cold hydrochloric acid, yielded, 
when heated to 120° with hydriodic acid, an iodide, partly convertible by the action 
of lead acetate at 120° into a heptyl acetate boiling between 170° and 174°, and 
yielding by saponification a heptyl alcohol boiling between 156° and 168°. This 
alcohol, oxidised by cold chromic acid solution, yielded a ketone boiling between 146° 
and 149°, and convertible by further oxidation into a mixture of acetic and normal 
valeric acids. Hence, according to PopofTs law (IsJi 765), the ketone consists of 
methyl-pentyl ketone, and the alcohol of methyl-pentyl carbinol. 

(4) . Metbyl-isopentyl Carbinol, or bletbyl-amyl Carbinol, 

CH®.CHOH.(OH^)^.CH(CH®)2, is obtained, together with the isoprimary alcohol, from 
ethyl-amyl or dimethyl-butyl-methane, in the manner abeady mentioned (p. 1024). 
Boils at 146°-148°. Converted by oxidation into methyl-amyl ketone, CH®.OO.C®ff* 
(G-rimshaw). 

(5) . A'.^t^ird secondary heptyl alcohol, which may be represented by either of the 
formulse, 

OH».OHOH.C or OmCHOH.CH j CH(CH8)2 

Metliyl-katapentyl carbinol Methyl-pseudisopentyl carbinol 

most probably by the former, is obtained in like manner from dimethyl-diethyl- 
methane, C(CH®)“(0-H®)*^. It boils at 148°-150° (Schorlemmer, Qhem, JSoc. J. 1873, 
320 ; see also 2nd Suppl. 643). 

(6) . Bi-lsopropyl Carbinol, (CH’)'CH.CHOH.GH(OH®)^, obtained by the 
action of nascent hydrogen on di-isopropyl ketone, is a liquid having a pleasant 
ethereal odour like that of peppermint, a specific gravity 0-8323 at 17°, and boiling at 
1 30°-132°. It dissolves partially in water, easily in alcohol and ether. By gradual 
oxidation with chromic acid solution, it is reconverted into di-isopropyl ketone 
(K. Munch, Ber. vii. 1129). 

Tertiaet Heptyl Alcohols. 

(7) . Bimetbyl-lsobutyl Carbinol, j^ 3 Q^OOH.CH^. CH<^q 23 . Discovered 

by Markowuikoff {Zeitsohr.f. Ch&m, 1871, 268), and further examined by Pawlow 
(Liebig's Annalen, clxxiii. 192). Markownikoft’ prepares it from the pseudoheptylene, 
('CH'*)-~C:::xOH — CHxz:(CHy, obtained by heating oxyisocaprylic acid with water 
(p. 1027). On passing gaseous hydrogen iodide tlirough this hydrocarbon, dimethyl- 
isobutyl iodide, (OWy==:Cl — CH" — CHx=(OH^)^ is obtained as a heavy liquid, which, 
when treated with moist silver oxide, yields the tertiary alcohol (Markowuikoff). 

Pawlow obtains the same alcohol by dropping valeryl chloride (1 mol.) into cooled 
zinc-methyl (2 mols-), leaving the mixture to itself for 30 days, and then decomposing 
it with water : 

Cl.CO.OmOH(Cff)= + 211(0^)= = ZnO + 

+ HOH = HCl + 

The product is fractionated by distillation, and treated with acid sodium sulphite to 
remove admixed methyl-isobutyl ketone. 

Dimothyl-isobutyl carbinol is a colourless liquid, lighter than water, nearly in- 
soluble therein, and has a camphorous odour. When oxidised with chromic acid 
mixture, it is converted, according to Pawlow, into acetic and isohutyric acids ; 
according to Markowmikoff, it is resolved thereby into water and pseudoheptylene. 

Bimcthyl-isolmtyl-carhinyl Iodide, (CH®)^.CI.CH".CH(CH^)^ formed from the 
alcohol by’saturation with hydriodic aci^ with addition of a little water, or from the 
pseudoheptylene by direct combination, is a heavy oil which is decomposed by distilla- 
tion, and convcrtofl by heating with alcoholic potash into a heptylene which differs in 
constitution from that just mentioned, and is reconverted by silver oxide and water 
into dimothyl-isobutyi carbinol (Pawlow). The corresponding bromide, C^H’^Br, 
formed also from pseudoheptylene by direct combination, is converted by heating with 
water at 100°, ehiefly into pseudoheptylene, together with a small quantity of dimetliyl- 
isobutyl carbinol. 

7>rd Sup. 3 X 
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(8). Mmetbyl-katabutyl Carblnol, Pentamethyl-etlwl, 

or fmtamethjlated Ethyl Alcohol, C(CH“)”— C(CH®)’’OH (Butlorow, LicUg’s Aamalm, 
elxxvii. 176). — This alcohol is formed by the action of trimetliylacotyl chloride, 
C(CH®)=’C0C1, (1 mol.) on zinc-methyl (2 mols.) A few lumps of sodium are thrown 
into the fifeshly-preparod mixture ; the liquid decanted from the zinc thereby sepa,- 
tated is heated for some hours at 60°-65° in a sealed tube ; the contents, which have 
become ciystalline, are then decomposed with water, whoronpon marsh gas is givou 
off; the mass is acidulated with hydrochloric acid ; and the oil which then soparat(^a 
IS distilled with water. By repeating these operations several times, pressing tho 
crystals which separate, and drying them over caustic baryta, tho dimothyl-katabuiyl 
carbinol is obtained as a hydrate having the composition 20711 ‘"O-i- IPO. This 
hydrate forms long prismatic noodles, slightly soluble in wator, easily in alcohol and 
ether, has a burning taste, and a camphorous and at tho same time mouldy smell. It 
begins to boil and give off water at 100°, and at 130° the anhydrous alcohol begins to 
distil. The dehydration may be also partially effected by leaving tho hydrate over 
baryta in a closed vessel, and if this operation is performed at a temperature of 100°, 
the dehydration becomes complete in a few days, the anhydrous alcohol remaining as 
an oil. ^ 

Warm and dilute chromic acid mixture acts very slowly on tho hydrate, but 
bromine acts readily on it, yielding a white solid, which by tho further action of 
bromine is converted into an oily body. The solid product appears to bo a mixture of 
C^H^^Br and C’Hi 

^entameiliyl Ethol, prepared from its hydrate, as above described, forms an oil 
which boils at 131°. When strongly cooled, it solidifies, forming white noodles 
which molt at + 17° ; and it readily absorbs water, reproducing tho hydrate^ so tliat 
when moist air i passed into the upper part of a bottle containing tho alcohol, 
glistening leaflets of the hydrate are produced, and float fibout in tho air over t]\o 
liquid. 

Eentametliyl-eth/l chloride^ or C^(CH^)''’C1, obtained by treating the 

hydrate with phosphorus pentachlori do, and washing tho product, is ji» while solid, 
smelling like * artificial camphor.’ It separates from its alcoholic solution in white 
needles, which molt at 136°, and sublime rapidly at a higher tom})orature ; but it 
is also volatile at the ordinary temperature, and yields up its chlorine to a waran solu- 
tion of silver nitrate. 

The iodide prepared by tho action of hydriodic acid on the alcohol, smells like tho 
chloride, is soluble in alcohol, and melts with partial decomposition at 140°“-M2°. 
Alcoholic potash decomposes it, forming a heptylone which has tho constit-ution 

H^0~C<^q^q^ 3J3 (p. 1027). 

(GIF 

(9 and 10). Metliyl-etliyl-propyl Carblnol, HO.C- C-IF , and 

CII“CH=C1I« 

fCH« 

IMTethyl-etbyl-lsopropyl Carblnol, HO.C^ C-IF , are formed by tho action 

iCH(CH«)2 

of a mixture of zinc-methyl and zinc-ethyl on the chlorides of butyryl and isobntyryl 
respectively. The former boils at 135°-138° ; tho hoptylono prepared from its iodide 
at 90°-95°; the latter alcohol boils at 124°-127°, its hoptylono at 75^’-S0° (Pawlow, 
Liebig^ s Amialcn, clxxxviii. 122). 

(11). Trietbyl-carbinol, This alcohol, already described (2nd 

Suppl. 1182), is formed by the action of zinc-othyl on propionyl chloride. It is a 
colourless liquid, having a specific gravity of 0‘8593 at 0°, becoming viscid at 20°, 
and boiling at 140°-142°(Nahapetian). 

KEPTITXiElXirJEiS, These hydrocarbons are obtained, together with heptyl 

acetates, hy heating the several heptyl chlorides with potassium acetate and glacial 
acetic acid. 1. The mixture of heptylenes thus obtained from the chlorides produecKi 
by the action of chlorine on normal heptane, boils at 98°-99° (Schorlemmor, Ohm. 
Soo. J. 1873, 322) ; between 96° and 99° (Morgan, ibid. 1875, 303). Bospccting tho 
reaction of these heptylenes with hydrochloric acid, see p. 1025. 

The heptylene wWch boils at 96° unites with water, forming a hydrate which 
when dropped into a vessel heated over an oil-bath is resolved into water, a resin, and 
a body which boils at 140°, and exhibits the properties of an unsaturatod alcohol (Le 
Bel, Compt. mid. Ixxxi. 967). 

2. The heptylene fpom ethyl-amyl boils at 91° and has a sp. gr. of 0*7060 at 16° 
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(Grimsliaw, Ch&m^ 800, J, 1873, 313); tliat from dimethyl-diethyl-methane boils at 
90^-92° (Schorlemmer, Chem. 80c. J. 1873, 320). 

3. A heptyiene baying the constitution CH(0H®)2 .CH-.C^q 22 produced by 

the action of alcoholic potash at 100° on dimethyl-isohutyl-carbinyl iodide (p. 1026). 
It is a liquid boiling at 83°~84:°, has a sp. gr. of 0’7144 at 0°, and unites directly -with 
bromine to form a dibromide. It also unites with hydriodic acid, reproducing 
dimethyl-isobutyl-carbinyi iodide, (Pawlow, p. 1026). 

4. A heptyiene having the constitution (OH®)-CP=OH — CH(CH®)^ is produced by 

heating oxyisocaprylic acid {2nd 8uppL 885) with water ; + CO- -h H“0. 

It boils at 81°~83° ; has a sp. gr. of 0*6985 at 14° ; is readily acted on by bromine, 
with evolution of HBr, and unites with HI, producing methyl-isobutyl-carbinyl iodide 
(Markownikoff, Zeitseh.f. Ohem. 1871, 268). 

GH* 

5. A heptyiene, H20“C<^Q^Qg3j3, which maybe called 

is formed by the action of alcoholic potash on dimethyl-katabutyl iodide (p. 1026). 
It is a liquid which does not solidify in a freezing mixture, and forms a solid, trans- 
lucent, very„jrolatile dibromide (Butlerow). 

6. The heptyiene obtained from methyl-ethyl-propyl earbinol boils at 90°~95° ; 
that from methyl-ethyl-isopropyl earbinol boils at 75°-80® (Pawlow). 

. HSSPTVXiBIKrB-THXOCi^XlBXMXBEI, C^H^XNCS)^. When thioearbamide 
and cenanthal are dissolved together in alcohol, a few drops of hydrochloric acid then 
added, and the mixture warmed, CBnanthodmUflmreide, C^H^‘‘(CSK-H®)^, is formed ; and 
this, on addition of a few more drops of hydrochloric acid, is converted into heptylene- 
thiocarbimide : ^ 

C^H»KCSN2H3)2 + 2HC1 = 2HH40i + C^H^KNCS)^. 


Heptylene-thiocarbimide is a thick oily liquid having a very repulsive odour. 
Alcoholic ammonia converts it into the disulphureide (H. Schiff, Ber. xi. 830). 


HSRACXiBirnx. The essential oil of the cow-parsnep {Heraelemi s^hondijliim) 
has been examined by W. Moslinger {lAebig^s Aiinalen, clxxxv. 26). 126 kilos, of the 
fruits gathered in 1874 yielded, by distillation with steam, 1163 ^amsof oil (0*92 per 
cent.); 173*16 kilos, gathered in the autumn of 1875 yielded 1460*5 grams of oil 
(0*84 per cent.), the yield in each case being affected by tlie mode of distillation, and 
being most abundant when the distillation was conducted in a current of steam, and 
not merely from a vessel filled with water. 

The examination of the oil yielded results differing in some respects from those 
obtained by Zincke {1st Siippl 697 ; 2iid 8uppl. 644), whose statements indeed are 
inapplicable to oil obtained from fruits either not quite ripe or only lately ripened, 
and appear to be true, if at all, only for fruits which have been quite ripe for a long 
time. The oil of JS&i'acleum sphondylium agrees perfectly in composition, so far as 
regards its lowest boiling portions, with that of JleraelevM giganteuM', both these 
oils contain ethyl butyrate. The distillation-water contains chiefly— together with 
ammonia, but no substituted ammonias — ^methyl alcohol, ethyl alcohol (in smaller 
quantity), acetic acid and caproic acid, but no perceptible quantity of butyric acid. 
The oil contains also small quantities of hexyl compounds, apparently only the 
acetate ; that of H. giganteum contains chiefly hexyl butyrate (2nd 8uppl. 644). ^ The 
oil of H. sphmdylhm does not contain octyl butyrate, but the octyl-ethers of higher 
fatty acids, viz. caproic, caprie, and lauric ; whether it contains also those of the 
intermediate acids, or of acids still higher in the series, is not yet determined. 

The oil of 1874 yielded, after several rectifications,, the following fractions : 


Boiling Point 
Weight of Fraction 

Boiling Point 
Weight of Fraction 

Boiling Point 
Weight of Fraction 


110°-175° 

6*5 

203°-206° 

702-75 

240°-29lo 

42*5 


175°-190° 

15-75 

206°-208° 

104*5 


190°-200° 

4-5 

208°-210° 

35*25 


200°-203° 
32 grams 

210°-240° 


117-5 grams 

Besidue with crystals 
28 grams 


Fraction 110°-175° consists chiefly of ethyl butyrate: it has an acid reaction, 
due to free acetic and butyric acids. Fraction 203°-206° consists of octyl acetate ; 
210°-240° of octyl acetate and caproate. Free octyl alcohol, observed by Zincke, 
was not found by Moslinger. Hexyl alcohol was found in the fruit gathered in 1875. 
The lowest fraction of the oil (80°--110°) yielded by saponification a liquid containing 
hexyl and octyl alcohols, 


3x2 
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HXS1E&APATHXTE. See Cinchona Alkaloids (p. 490). 

The ash of Hcrniaria glabra, grown on silicoons aiul on tlolo- 
mitic soil, has been analysed by 0. Or. Wittstein {Arch, ?harm. [0], iv. 343). 

1. From siliceous soil. Total ash in air-dried plant, 7*132 per cent. 

E'O Na=0 Na(witli Cl) CaO MgO AV^O’' 

24*380 4*110 1*702 14*349 6'300 1*321 1*038 

Mn=>0‘ Cl SO" PO* SiO'" 00“ 

— 2*624 1*717 9*729 14*A15 17*694. 

2. Fro 7 n dolo^mMc soil. Total ash, 6*622 per cent. 

K;“0 m“0 NaCwith Cl) CaO MffO APO" 

8*680 3*860 6*691 30*400 14*839 1*755 ()*180 

Mn“0" Cl SO" PO" SiO“ 00“ 

— 1*066 1*746 8*421 6*367 21*505. 

HBSPmSTXC ACZB, and HESPEBBTXN*. See the next Article. 

HESPBRXBBKTBI, A terpene contained in the volatile oil of orange- 

peel, It boils at 178® (corr.) ; is oxidised by chromic acid mixtAcre, chiefly to carbonic 
acid and -water, together •with acetic acid, a trace of formic acid, and a small quantity 
of a liquid compound, isomeric with camphor; no toluic or terophthalic 

acid is formed. With nitric acid, it yields oxalic acid, and an acid called h os- 
peri sic acid, which, when dried over sulphuric acid, has the composition 
; no terephthalic acid is formed in the reaction. Ilosporidono is 
not converted into a more highly hydrogonised compound by heating with hydriodic 
acid and phosphorus. When hydriodic acid gas is passed into it, a liquid hydriodid(s 
C'®H‘ “.HI, is formed, which does not solidify on cooling, and is docomposod by head 
or by exposure to light. When tho alcoholic solution of this hydriodido is licatod 
with silver cyanide, and tho product is boiled with potash, ammonia, is given olf, ami 
a brown mass is formed, together with a small quantity of a non-volatile amorphous 
acid, soluble in other. Hesporidene, heated with g)hosyhonts 'pentasulyhidv, yields 
cymene (Wright, Che7n. 8oc. J, 1873, 549). 

On Nitrosohesporidone, see Tbbpenes, Niteoso-. 

KBSPERlB13Nr, This substance, discovered by Lobretori (iii. 150), 

exists in many fruits of tho genus Citinis, It is best prepared from the dryunrijie 
bitter oranges of commerce {Poma am'aniii inima,Utri). TIio fruit is oxhaust'.ed wilJi 
water, and the residue is treated with a mixture of equal parts of water and alcohol 
containing one per cent, of caustic potash. On adding hydroeliloi-ie acid to this 
solution, impure hesperidin separates out, and may bo dissolved in pobish-solutirm 
of 5 per cent- On adding alcohol a resinons mass i ,9 deposited, and from the eh^ai* 
liquid almost pure hesperidin separates on adding hydrochloric acid. To obtain it 
quite pure it must be boiled with water containing acetic acid. 

Hesperidin crystallises from water, alcohol, or dilute acids in white microscopic 
needles, and acids precipitate it from an alkaline solution in globular masses. It is 
almost insoluble in^cold water, and dissolves in 500 parts of boiling water. It dis- 
solves more freely in alcohol and hot acetic acid, but is insoluble in ether, benzene, 
and volatile oils. It is not decomposed by dilute acids, and doe,s not reduce an 
alkaline copper-solution. Its solution in dilute potash becomes yellow and orange- 
coloured on standing ; and on evaporating it to dryness and treating the residue with 
dilute sulphuric acid, it turns red and afterwards violet. Hesperidin fused with 
potash yields protocatechuic acid (E. Hoffmann, Berl. Ber. ix. 26). 

According to Paterno a. Briosi {Gazs, chim. ital 1876, 169) hesperidin molts at 
243®-245®, which is nearly the melting point of limonin (244°). It is decomposed 
by evaporation to dryness with ammonia, does not unite with picric acid, acetyl 
chloride, or baryta. It dissolves readily in aniline, and the solution mixed with ether 
deposits spherical groups of crystals the composition of which has not yet been de- 
termined. 

Hesperidin is a glueosicle, and is resolved by dilute acids into glucose and 
hesperetin, 

0-->*2II28012 = 

Hesperetin, C“H“0^0.C>«H30«, when purified by crystallisation from other, 
forms white crystals melting at 223° and having an intensely sweet taste. It is 
soluble in cold water, nearly insoluble in alcohol ; dissolves in alkalis, and is not 
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extracted from the solution ether ; gives a hrow-red coloration with ferric chloride ; 
is precipitated by Jead acetate. Heated to 100° with potassium hydroxide, it is re- 
solved almost quantitatively into hesperetie acid and phloroglucin : 

C«H502.0.CJ«H°03 + H^O = 

Hesperetin. PMoro- Hesperetie 

glucin. acid. 

Heated with water to 250° in a sealed tube, it yields a product having a strong smell 
of vanilla (Hoffmann). 

Hesperetie acid, C^°H^°Oh is likewise formed hy the action of alkalis on 
liesperidin, and it may he purified hy conversion into the soluble calcium salt, 
removal of colouring matters with lead acetate, reprecipitation with acetic acid, and 
crystallisation from alcohol. It melts at 225°, and sublimes at 223°, being partly 
decomposed at the same time, with formation of a body smelling like vanilla. By 
fusion with potash it is resolved into acetic and protocateehuic acids : 

+ 4H20 - 2C2H^02 + + 2m 

The substance called Hesperidin hy de Vrij, and obtained from the aqueous 
portion of the residue left on distilling the flowers of Citrus decumana, is in reality 
the body called by Hoffmann aurantiin (p. 136). A body prepared hy de Vrij 
from orange-peel {Albedo cort, aurans) is, according to Hoffmann, pure hesperidin. 
The following is a comparison of the composition and properties of hesperidin with 
those of allied glucosides. 


Hesperidin 

Composition 

. C2“H-°0’- 

Melting 

point 

245° 

Phenol 

reaction 

brown-red 

Aurantiin . 

. C23H2«0>2 + 4H=0 

171 


Murrayiu . 

, C'SH220*« 

170 

blue-green 

Limonin . 

? 

244 

? 


H£SP£IRISXC ACIB. See Hespeeidene (p. 1028). 

HESS1T3B, AgHe. See Tellueitjm. 

HETEHOMOBPHITE. According to Pi sani Ixxxiii. 747) this 

mineral occurs at Alsberg in 'Westphalia, mixed with brown blende, mostly massive ; 
in cavities also, apparently in monoelinic crystals. Sp. gr. =5-59—5*73. 

S Sb Pb Zn 

19-90 31-20 47-86 0*60 = 99-66. 

Pisani represents these numbers by the formula Pb^Sh^S^® = 7PbS.4Sb“S^ H. Eose 
assigned to hoteromorphite the formula Ph^Sb^S® = 2PbS.Sb2S3 (iii. 151). 

HETJTBii.CHITE. A hydrated oxide of nickel and cohalt, occurring in ex- 
tremely thin soot-like deposits, or more rarely in the form of dendritic foil and fine 
globular aggregations, on clefts in barytes, at the St. Anton Mine in the Heubachthal, 
near Wittichen. Coloxir deep-black;- the streak exhibits a semi-metallic lustre. 
Hardness =2-5. Sp. gr. 3-44. It is infusible before the blow-pipe, hut dissolves in 
hydrochloric acid with evolution of much chlorine, the solution having a deep bluish- 
green colour, but changing into rose-red on dilution with water. Chemical compo- 
sition as follows : — 

CoO NiO MnO“ H“0 

65-50 14*50 5-13 1*50 12-59 = 99*22. 

Heuhachite is a very recent formation, being found only on clefts in barytes, and 
cementing together fragments of quartz and felspar, which have arisen from the dis- 
integration of the neighbouring vein-rocks and been carried by the action of 
water into the barytes clefts. This water no doubt contained the constituents^ of 
heuhachite in solution in the form of carbonates. Heuhachite is found occipriug 
under exactly similar circumstances at the Eherhard mine near Alpirshach in the 
Swabian Schwaxzwald (Sandberger, Jahrb.f. Min. 1877, 299). 

HEUEB.IO'BZTE. This mineral, from the conglomerates of a South African 
molaphyro, was found hy E. Cohen {ibid, 1875, 116) to contain: 

Loss by 

SiO“ AFO"* CaO Na^O ignition 

59-53 16-82 6 95 0-32 ' 1-42 15-30 = 

BEXACETYBMAOTJa'ITB- See Mannite. 


100-34. 



10^0 hexagonite-hexane. 

HSXACROXiBIC An acid polymeric with acrolein, pro- 

duced by dropping that liquid into an alcoholic solution of potash (iii. 150); fomid 
also among the products obtained by heating acrolein hydrochloride with sodium 
ethylate (p. 42 of this Supplement). 

HJaXAG-OWlTE. A variety of tremolite (iii. 1 69) from Edwards, St. Lawrence 
County New York, first described by Groldsmith, wlio placed it in the beryl group. 
Konig, however (Jalirb.f, Min. 1877, 202), finds that the crystals ;irc monoelini'c, and 
exhibit the combination OP. ooP, tabular through OP. The prism-angle, 124® ‘M)\ 
agreesclosely with’ that of tremolite (124® 30'). Cleavage prismatic and imperfect, 
parallel to OP. Hardness = 6*5. Sp. gr. = 2-996. Colour, white or violet. Lustre 
strongly vitreous. Melts with difficulty before the blow-pipe to a white enamel. 
Gives the reaction of manganese with borax. Chemical composition as follows : 

SiO® MgO CaO Ka“0 MaO AI^O® a. Po^O* 

58-20 2i-U 12-20 I'OO 1-37 I’iO = 99-21 

KEXAlffEy C®H*‘*. Normal hexane (b. p. 68°~70®), from Pennsylvanian 
petroleum, is converted by the action of chlorine chiefly into two hexyl clilorides (b. p. 
120°-134°), which when saponified with alcoholic potash yield a mixture of two 
hexylenes (b. p. 68®-70®) not separable by distillation. But on passing a stream of 
hydrochloric acid gas through a mixture of these hexylenes with strong hydrochloric 
acid, a hexyl chloride gradually separates, boiling, with decomposition, at 116®-118® ; 
and the remaining portion of the hexylene? heated with hydrochloric acid to 130®-14()® 
for ten or twelve hours, yields a hoxyl chloride boiling at 122°~r24®. The first- 
mentioned chloride (b. p. 11 6®-! 18®) heated with acetic acid and lead acetaio, is con 
verted into an acetic other, yiohling by saponification a small quantity of the corre- 
sponding hexyl alcohol. This alcohol, however, is much more readily obtained by 
similar treatment of the hydriodkle produced by agitating the mixture of hexylenes 
above mentioned with concentrated hydriodic acid. It boils at 125®-129°, smells hko 
peppermint-oil, and is converted by a strong solution of chromic acid into a ki'tono 
boiling at 121®-124®, and yielding by further oxidation, acetic and probalily also pro- 
pionic acid. 

The chloride boiling at 122®-124® is for the most part conyortod by lioating to 
120® with lead acetate and acetic acid, into an acetic other yielding by saponificat ion 
another hexyl alcohol, which boils at 132®- 137°, and is oxidised by chromic acid, 
even at ordinary temperatures, to a ketone boiling at 124®-r26°, and couvorteii by 
further oxidation into a mixture of acids consisting chit'fly of acetic and butyric n,ci<i : 
hence this alcohol appears to be methyl- butyl-carbiuol, OIP.OJIOII.GTP 
(Morgan, Chem. Soc. J. 1875, 301). 

These results seem to show that the action of chlorine on normal hexane gives rise 
only to secondary chlorides, whereas Schlorlemmer {%nd Suppl. 645), by chloriiuil.ion 
of normal hexane (prepared by the action of nascent hydrogen on methyl-butyl iodid(^), 
obtained a primary as well as a secondary chloride. 

When bromine-vapour is passed into tbo vapour of boiling normal hexane, in day- 
light, substitution-products are formed, which are partly decomposed by distal lati<m. 
The portion which distils without decomposition consists of a hexyl bi’omide, the 
alcohol from which is converted by oxidation into acetic and normal butyric acids, and 
therefore consists of methyl-butyl-carbinol. In like manner normal heptane yields a. 
bromide convertible into methyl-pentyl carbinol. Hence it appears that the action of 
bromine on normal paraffins gives rise only to secondary bromides, CH®.CllBr.C"H*"' 
or that the methyl groups which are present in these hydrocarbons, and are readily 
attacked by chlorine, are not touched by bromine at all. 

In addition to the secondaiy bromides, other products are formed which, on dis- 
tillation, either decompose completely, or are resolved into hydrobromic acid and non- 
saturated hydrocarbons, which are probably olefines (Schorlemmer, Phil. Trans. 

1878, p. 1). 

. More highly brominated derivatives are obtained by heating normal hexane with 
bromine to higher temperatures in sealed tubes. At 180°-~140 the compound C'^Br^ 
is formed, and this at a higher temperature is resolved into perbromobenzeno, 
and free bromine. If the heating at 130°-'140° he not too long continued, the crystal- 
line compound, C®H‘‘Br*, is likewise obtained. At 120®--125® this latter is the chief 
product, mixed however with and C®H®Br“. The brominated derivatives of 

hexane now known are : 

C®H'®Br, G«H®Br», C^H^Br®, G^H^Br^ 0®Br«, G®Br® 

(Wahl, Ber, x. 402, 1234). 
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HE!KB]^03M!A.C!BT01!iir!ESy G®Br®0 (Weidela. Griiber, x. 1147). This com- 
pound is formed by the action of bromine on a very dilute aqueous solution of the 
hydrochloride or hydrdhromide of triamidojphenol, C®H2(NH-)20H, or on hromodiokro- 
mazin, C^^IISBr“N20^ the first product of the action of bromine on these salts, this 
body being suspended in 'water and bromine added to the liquid. At ordinary tem- 
peratures the reaction takes several hours to complete, but at 100® in sealed tubes it 
is completed in a few minutes. The hexbromacetone separates on cooling in lustrous 
scales, and may be purified by crystallisation from chloroform, from which it separates 
in largo strongly-refracting monoclinic crystals. Its formation from bromodichro- 
mazin may be represented by the equation — 

CisHsBr^^N^O" + 34Br + 14H20 = 3OTr®0 + SNH^Br + 24HBr + 900^. 

Hexbromacetone is absolutely insoluble in water, whether cold or boiling, but 
dissolves easily and without alteration in chloroform, carbon disulphide, benzene, and 
pure ether. It likewise dissolves in alcohol, either aqueous or absolute, but is at the 
same time partly decomposed, a small portion of it separating out unaltered as the 
alcohol eva^^‘)orates, while the greater portion is converted into a red-brown oil smelling 
like chloroform. ^ The ethereal and alcoholic solutions are neutral. The crystals are 
tasteless, but excite after some time a persistent burning sensation on the tongue. 
Hexbromacetone melts at 107®-! 09®, in the dry state; below 100°, when immersed in 
water. At a higher temperature it decomposes, only a small portion subliming un- 
changed. When boiled with a caustic alkali it yields bromoform and an alkaline 
carbonate : 

C«Br®0 + 2HaHO = 20HBr® + Ha^CO®. 

It is decomposed in a similar manner when heated with water to ISO®. It dissolves in 
boiling nitric acid, and separates out unchanged on cooling ; but when the two are 
heated together at 150®, hr omopicrin is formed, with evolution of carbon dioxide : 

C®Br®0 + 2NO®H == 20Br3(N02) + 00^ + 

Dry ammonia-gas passed over hexbromacetone converts it quantitatively into tri- 
bro mac et amide and bromoform: 

C®Br®0 + NH3 = CBr®.00NH2 + CHBr^. 

On adding water to a solution of hexbromacetone in methyl alcohol till the compound 
begins to separate, and then adding sodimn-amalgamf pseudopropyl alcohol is 
formed : 

CBr®.GO.OBr® + 7^ = 6HBr + OT.CHOH.CH®. 

HBSCBROMOBXPKEIO'YXiAMZZirB. See Benzenes, Phenylamido- (p. 208). 

KBXSBOMOirAPHTHAXiBl^B, C^oH^Br®, is prepared hy dropping bromine 
containing iodine, but free from chlorine, on naphthalene, which is kept cool, then 
heating the product with excess of bromine in a sealed tube, first to 80®-100® (as long 
as hydrogen bromide escapes on opening the tube), afterwards continuing the heating 
for twenty or thirty hours, and raising the temperature from 50® to 60® till it finally 
rises to 350®-400®. Hexbromoiiaphthalene is insoluble in alcohol and in ether, 
moderately soluble in hot benzene, toluene, chloroform, and aniline ; crystallises and 
sublimes in slender needles ; melts at 245®-246®, resolidifies at 200®-195®, and 
volatilises without decomposition (E. Gessner, JBer. ix. 1505). 

HBSCCKXiOBBTKil.XS'B, C^Ol®. This compound reacts with aluminium iodide 
in such a manner as to form aluminium chloride, tetrachlorethylene, and free iodine, 
together with an amorphous carbon compound containing iodine (Gustavson, Ber. 
ix. 169). 

KBXBTHYXi-TBIAMZBOBBlO'ZOYXiBEINrZZSKrE, 

This compound is formed, together with triethyl-diamidobenzophenone, 
00[0®H'‘H(0'®)^]^ by heating diethyl-aniline with carbonyl chloride in a sealed 
tube to 120° : 

2COCP + 3C®H®H(0“H®)2 ^ 4HCI + C®H®N(02H®)2[OO.C®H‘‘H(02H‘^)2]2. 

The product is boiled with water to remove excess of diethylaniline, and the undis- 
solved residue, after washing on a filter, is treated with hydrochloric acid, which 
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dissolves the tetrethyl-diamidobenzophejiene, and leaves the hexethyl-triamidobenzoyl- 
benzene. 

The latter body crystallises from alcohol in fine crystals melting at about 170° 
and belonging, according to Arzruni’s measuromeuts_, to the tricliiiic system. _ They 
are tabular in the direction of the base f?, and exhibit a right and loft homiprism m, 
and w', together with a tetartopyramid between m and c (truncation of thc3 acutc! 
edge). Angles of the normals, g : = 19'; c .* 9^-63'’ ; o : <? = 61*55° (Michlor, 

a. Grradman, Ser, ix. 1912). 

BBXHYDXlOBXSIS'ZXSXiarx:, KBXHYBBOTOX.XrBlH'B, &.C. Sc 50 IhoNZUNn 

(p. 160). 

HBXZBB, Hexoylmp.—A. modification of this hydrocarbon, most pro- 

bably having the constitution CH^.O=C.CH“.OII-.CH®, is obtained by heating mono- 
bromhexylene (derived from mannite hexylene) with alcoholic potash in sealed tubes, 
at 170° for twelve hours, about one third of the bromide then remaining undecomposed. 
The hydrocarbon is a colourless mobile liquid, having a pungent, disagreeable odour. 
It is optically inactive, and its sp. gr. is 0*7494 at 0°, and 0*7377 at l3°,(r’Gferred to 
water at 0°. It remains liquid at —20°, and boils between 80° and 83° ; it is misciblo 
in all proportions with alcohol, ether, chloroform, carbon bisulphide, bonzono, liglit 
petroleum, and glacial acetic acid; dissolves in sulphuric acid, sp. gr. 1*83 ; does not 
produce a precipitate in ammoniacal solutions of silver or cuprous salts. By boiling 
with chromic acid mixture it is oxidised to butyric, acetic and carbonic acids. Tho 
formation of acetic and butyric acids is represented by tho equation : 

0H».C=C,CH2CmCH3 + + WO = CH^.CO-JI + C()-H.OH'“.Clt“.GJb‘. 

The carbonic acid is formed (as was proved by direct oxporimont.) by further oxidation 
of a portion of the butyric acid. 

^Hexine dibromide, C®«Br2=::CmCBr=;CBr.CE-.CE'*^.0n^ produtuid by tho direct 
union of bromine and hexine, is an optically inactive liquid, of a palo-yellow colotir. 
Sp. gr. T6977 at 0°, T5543 at 100°, It does not solidity at —20°, begins to decom- 
pose at 130°. Bromine acts slowly upon it, with ovolut-ion of hydrobromie acid, ami 
formation of a heavy yellow oil (probably a mixture of and (J^lb’Br^), whudi 

has a density of 2*1625 at 0°, thickens to a syrup at — 15°, and begins to decompose at 
160° (Hecht, Ber. xi. 1050). 

KSXlVXZSTHYXiDZAlftXIBOBSSBrZOXC B.CZB, cai'(OH3)«N*0“(()ir)'‘**. Seo 
Benzoic acids (p. 274). 

KXSXMBXHYXi-ZSOSTZZiBBB'X:, O-oiI-* = C]l==:0[C«ir*(CIl'')*'‘j“, is formed 
by the action of sulphuric acid on a mixture of mesitylono and raonochloraldoliyde : 

CH^CLCHO + 2C«H«(OH»)3 = CH-~C[C'^H2(OXrO^- -s HOI 4- H"0. 

It is an oily liquid, boiling at a high temperature and r(3adi]y attacked by bromine 
(E. Hepp, Ber. vii, 1418). 

HBXSMCBTRYXk-TBXil.lVZZBOBBin'ZOYBBBl^fZBlVrx:, 

is prepared, like the corresponding ethyl-compound (p. 1 031), by heating dimcMiybuiibno 
in a sealed tube with liquid carbonyl chloride (Michler, Ber. ix, 716) ; als(j by passing 
gaseous carbonyl chloride (phosgene) into boiling dimothylanilino as long as it is 
absorbed (Michler a. Dupertuis, ibid. 1899). The compound forms monoclinic 
crystals having the axial ratio alb: 0 = 0*5865 : i : 0*7138. Angle uo=126° 18', 
Observed faces co S2, oo Sco, P, ^ go, 0. Angle P : 0P = 75° 33' ; P : P = 53° 38*5'. 
coS2 : oog2 = 65° 6*5' (Groth). 

BEXinTB03>IPBEIirYXa]y[II(rS, Dipior^l- 

amine (Gnehm, Ber. vii. 1399). — This compound is formed by heating diphenylamino, 
or methyl-diphenylamine, with nitric acid as long as red vapours are given off; in the 
latter case the methyl-group is removed by oxidation. The product is washed with 
water and crystallised from alcohol or glacial acetic acid, from the latter of whicli it 
separates in light yellow prisms melting at 233°-234°. It forms salts with bases. 
The barium salt, crystallises in rhombohodrons having a fine red colour ; 

the ammonium salt forms red laminae. 

Hexnitrodiphenylaniine constitutes the yellow dye known as ‘ auraiitia ’ ( Gnehm 
Ber. ix. 1245, 1557). ^ 
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K£iX»'ITSO-moSXTE. See Inosite. 

njsxxiiT&o-m&.imxT:E. See Mannite. 

HH3EOSC ACS!DS!, C'’E[^“Cy^ = C®H^^.CO"iI. Capwio aci^s. — Of tlie eight possible 
modificatious of this acid, five are at present known, viz. : 

(1) . H^ormal Hexoic or Caproioj Pentyl'-formic, Sutyl-acetic or Propyl- 
propionic ilcid, CH^.CH".CH^.CH*‘^.GH".GOOH. Formed by saponification of 
normal pentyl cyanide, and found among the products of the butyric fermentation of 
sugar ; produced, also, together with other acids of the fatty series, by the oxidation 
of albuminons substances and of fatty acids of higher atomic weight. Eespeeting its 
physical properties and those of its barium salt, calcium salt, and ethylic ether, see 
table (p. 378). It is oxidised by nitric acid to acetic and succinic acids (Erlenmeyer, 
Siegel a. Belli. Ber, vii. 696). Eespeeting its conversion into normal valeric acid, see 
Valuric acids. 

(2) . Xsohexoic or Xsocaproic, Zsopentyl-formic, Xsobutyl-acetic, or 

Ssopropyl-pVopionic ii-cid, (GH®)^OB[.CH2.CH-.GO^H, is formed by saponification 
of isopentyl or amyl cyanide (from fermentation amyl alcohol) ; also by hydrogenation 
of pyroterebic acid, namely by heating 2*5 to 3 grams of that acid to 180°- 

190° for six to eight hours with 15 grams of hydriodic acid saturated at 0®, and 0’5 
gram of red phosphorus. The acid thus prepared agrees exactly in its properties with 
the caproic acid from amyl cyanide; boiling at 199°-199*5° (mereury-column wholly 
in the vapour), and remaining liquid at —18°. Its calokim salt forms long colourless 
prisms having the composition (C‘’H^^02)-Ga + 3H-0, and not much more soluble in hot 
than in cold w^ator. 100 parts of the solution saturated at 21° contain 4*58 parts of 
anhydrous salt. The (G®H^'0“)‘‘^Ba + II“0, crystallises less easily. 100 

parts of its solution saturated at 17 '5° contain 19*11 parts, and at 22° the same quantity 
of solution contains 18*4 parts of the anhydrous salt (W. G. Williams, Ber. vi. 1098 ; 
Fittig a. Mielck, ibid. vii. 649 ; Mielck, Liebig's Annalen^ clxxx. 45). 

(3) and (4). Biethylacetic Acid, (G-H*)2GH.C02H, and Metbyl-isopropyl- 

acetic Acid, (A. Saytzefif, xi. 511). Biethylaoetic acid, 

obtained from the product of the action of potassium cyanide on diethyl-carbinyl 
iodide, is a colourless liquid boiling at 190°. It has a pleasant odour, and is only 
slightly soluble in water. Sp. gr. at 18° = 0*91 96. 

Mcthyl4soj^ropylacetio acid^ obtained from the product of the action of potassium 
cyanide on methyl-isopropyl iodide, or amylene hydriodide, closely resembles the pre- 
ceding acid. It boils at 193°, and its sp. gr. at 18° is 0*9279. 

The sp. gr. of ethylic dkethylacetate (b. p. 151°) is 0*8686 at 18°, and that of ethylic 
methylpToyylacetate (b. p. 153°) is 0*867 at the same temperature. 

The silver salts of these acids are deposited from hot saturated solution, on cooling, 
in needle-shaped crystals. Biher di~ethylaoetate is less soluble in cold, but more 
soluble in hot water than its isomeride. 

The barium salts are easily soluble in water and in alcohol. Barium di-ethylacetate 
is crystalline, but barium methylyropylacetate forms a thick syrup which dries to a 
gum-like mass. The solubility of calcium di-ethylacetatc in water increases with the 
temperature. Calcium methyl'projpylacctate is less soluble in hot than in cold water. 
The lead salts are very soft and easily fusible. 

The zinc salts dissolve in alcohol ; they are more soluble in cold than in hot water. 
Ferric chloride forms a yellow precipitate with ammonium di-ethylacetate, insoluble in 
excess, whilst with the methylpropylacetate it produces a flesh-coloured precipitate 
soluble in excess of the reagent, 

(5). Ethyl-dimethylacetic Acid, (GB[*^)2(G2H®)O.GOOH (Wischnepadsky, 
Liehufs Annalen, clxxiv. 56 ; clxxviii. 103). To prepare this acid, ethyldimethyl- 
ea.rbi'nyl iodide is heated with potassio -mercuric cyanide, and the product repeatedly 
fractionated by distillation, whereby the corresponding cyanide is obtained as a liquid, 
which boils at l2S°-lr30°, and solidifies in a mixture of snow and salt ; and on heating 
this cyanide with fuming hydrochloric acid in sealed tubes for six days to 100°, and 
then for two days to 120°, othyl-dimothylacetic acid is obtained as a liquid which 
may bo purified by drying and rectification. The same acid is produced by oxidation 
of incthyl-katiipontyT ketone, GH^OO.G(CH*)“(C2H®), and ethyl-katapentyl ketone. 

Ethyl-dim cthylacetic acid boils at 184°-186° and solidifies in a freezing mixture 
to a laminated mass of slender needles melting at — 14°. It is insoluble in water and 
has a faint fatty odour. Both in the free state and in its salts it resembles trimethyl- 
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acetic acid. The nmtTcH sodium salt is very soluble and does not crystallise ; its 
solution, mixed with the free acid, deposits a sparingly soluble add salt m stoUuto 
^rroups of needles. The barimn salt, (O«H*'O0^Ba.5H-'O, crystallises from an aqueous 
solution saturated at the boiling heat, as a laminar mass ; from a less concentiMtcd 
solution in large transparent plates. It effloresces in dry air, dissolves easily iii wat er, 
but is not easily wetted thereby.' It shows a tendency to the foimat ion of super- 
saturated solutions, and gives off a portion of its acid when its solution is boiled. 
The calciitm salt forms shining slender iioodlos very soliihlo in water. 'Wa inag^iesmui 
salt is a gummy mass. The cine salt, (C‘®"0~)'-^Zn, separates a,s a white bulky prii- 
cipitate on mixing slightly warmed solutions of the sodium salt and i^inc sulpliale, 
and erystalliscs from solution in a large quantity of water by slow evaporation in 
transparent prisms. Its aqueous solution, saturated at ordinary tc'mi)era(urcs (con- 
taining 2'4 per cent, of anhydrous salt at 1G°), hecomes iiirbid wluin heated, n,iul 
gradually stiffens, in consequence of the separation of a translucent basic .salt, but 
becomes clear and fluid again on cooling. The silver salt, C®H*^0-Ag, is a white ])re- 
cipitate more soluble in hot than in cold water, and separates on cooling in slender 
needles having a silky lustre; blackens slightly when exposed to light^j*,^ ^Slxolcad salt 
is a bulky precipitate which, when boiled with water and a small quantity of the free 
acid, yields slender needles of an acid salt. The copper salt is obtained by precipita- 
tion as a greenish-bine powder ; it dissolves in alcohol, and crystallises therefrom in 
dark green very efflorescent prisms. 

A trichlorJiexoic the exact constitution of which is not known, 

is produced hy the action of fuming nitric acid on hexyl chloral (p. 1030), the two 
liquids being kept in contact for twenty-four hours, and the product poured into about 
eight times its volume of w'ator. Tlio trichlorhoxoie acid then Hoparnl-cs as an oil 
winch solklifios after a time, and may bo crystallisod from a mi.xturo of biaizono and 
petroleum. The acid molts at 64°, and is almost insoluble in water, bnt very solublo 
in alcohol, other, and benzene, loss so in petroleum. It is strongly n,eted upon by 
zinc-dust in presence of water, and if hydrochloric acid ho thou gradually adthul, the 
surface of the zinc in the course of a few days becomes covered with long, lint needles 
of a liexylcnic acid, mctameric with liydrosorbic, pyroterobic, and othyl- 

crotonic acids. It molts at 39°, is almost insoluble in water, but very solublo in 
alcohol, ether, benzene, and petroleum (Pinner, Bcr. x. 1062), 

HKXYIi AXiCOHOXiS, = Of those alcohols, sovonteon are 

possible and eight are known, viz., two primary, throe secondary, and throe 
tertiary. 

Prim’aey. (1). Wormal Hexyl Alcobol, FT*. GIF. 011 "01 T, is 

obtained: 1. From the essential oil of Hemckwm giganie^mi, which contains hoxyl 
biityrato {‘Ind Suppl, 646). 2. Together with the secondary alcoliol, mothyl-bntyl 

carbinol, liy treating normal hexane, from American potroloum, with chlorine, convert- 
ing the resulting mixture of primary and secondary hexyl chlorides into the corre- 
sponding acetates, and distilling the latter with jiotaBh. The mixed alcohols thus 
obtained cannot be separated by distillation, but they yield liy oxidation the cor- 
responding products, viz., normal caproic acid and m ethyl -butyl kot. on o (Selilorlommer, 
Bappl. 645). 3. By tlio action of sodium-amalgam on normal caproic ahleliydc 

(Lieben a. Possi, cxxxiii. 178; Liebon a. Janceok, clxxxvii. 126). 

The following are the properties of the hexyl alcohol prepared by the L-ist proci-ss, 
and of some of its others, as determined by Liebon a. Janecek (compai’o 2hxI BitppL 
616). 



Alcoliol 

Iodide 

Bromide 

Chloride 

Ethyliito 

Boiling point . 

Specific Gravity 

157*2° 

at 740*8 mm. 
0*833 at 0° ' 
0*8204 at 20° 
0*8107 „ 40° 

181*4° 

at 7.46*8 mm. 
1*4607 at 0° 
1*4363 „ 20° 
1*4178 „ 40° 

155*5° 

at 743*8 mm. 
M935 at 0° 
1*1725 „ 20° 
1*1561 „ 40° 


134°-137° 


(2). Isobexyl AlcoHol, CH(CH3)2.0H2.CH2.CH20H. This is probably tlio 
constitution of the hexyl alcohol which Faget obtained from fusid oil. B. p. about 
150°. Converted by oxidation into ordinary caproic acid. 
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Secondary Hexyl Alcohols. 

(1). Methyl-butyl Carbinol, OH3.CHOH.(CH2)sCH^ ^-Hexyl- Alcohol. —This 
is the alcohol whose iodide is produced by boiling mannite or dulcite with highly 
concentrated hydriodic acid (iii. 154). It is likewise obtained, as already described 
(p. 1034), from the mixture of chlorides produced by the action of chlorine on petroleum 
hexane. The alcohol boils at 137°, the iodide at 167*5 (bar. at 762 mm.); the 
chloride at about 120° (Wanklyn a. Erlenmeyer); 122°-124° (Morgan). 

Methyl-butyl Thiocyanate^ or ^-Rexyl Thiocyanate, S | prepared by 

boiling equal parts of the alcohol and potassium thiocyanate — the latter dissolved in 
the smallest possible quantity of ethyl alcohol — for an hour on the water-bath in a 
reflux-apparatus, When precipitated by water, dried, and rectified, it forms a liquid 
boiling at 206°-207*o° and having an alliaceous odour. 

! CS 

is ob- 
tained by boiling )8-hexylamine with ethyl alcohol and carbon disulphide, evaporating 
off tho alcohol, and heating the residue with solution of mercuric chloride. It is a 
colourless liquid, having a specific gravity =0*9253, and boiling at 197°'*'198°. 
When heated with strong sulphuric acid it is reconverted into the amine, with separa- 
tion of sulphur (Uppenkamp, Ber. viii. 55). 

5. Metbyl-katabutyl Carbiuol, or I*iuacolyl Aleobol, CH3.CHOH.C(CH''’)*'*, 
formed by tho action of nascent hydrogen on the corresponding ketone (pinacolin), 
is a liquid having a density of 0*8347 at 0°, boiling at 120*5°, and solidifying at 
low temperatures to a mass of long silky needles, which melts at -i- 4°. By oxi- 
dation with chromic acid mixture it yields the ketone. See further 2nd Sujpyl. 982, 
whore this alcohol is formulated as a tertiary alcohol, dimethyl-isopropyl carbinol, 
(OH3)2COH— CH(CH3)2. 

XStbyl-propyl Carbinol, C^H^.CHOH.C^H^, is formed: a. By the action of 
nascent hydrogen (water and sodium-amalgam) on ethyl- propyl ketone, prepared by 
distilling a mixture of butyrate and propionate of calcium (0. Volkor, Ber. viii.' 1019). 
jS. The corresponding iodide is obtained by the action of hydriodic acid on diethylic 
ethyl oxide or ethyl-propyl-carbinyl ethylate (p. 746) : 

C2H=.CH(OC2H5).C«H^ -t- 2HI = C2H=.CHI.C3H^ + H^O -{- C^HH. 

Tho iodide is then converted into the acetate, and the acetate by saponification into the 
alcohol (Lioben, Liebig's Amialen, clxxxviii. 1). 

Ethyl-propyl ko tone is a liquid boiling between 134*5° and 135*5° (corr.), and 
having a density of 0*8335 at 0°. By oxidation with chromic acid it is converted into 
propionic acid (Volker). 


Tebtiary Hexyl Alcohols. 

Bimetbyl-propyl, and Uimetbyl-isopropyl Carbinol, | C.OH, are 

obtained by treating butyryl and isobutyryl chloride respectively with zinc-methyl, 
and decomposing the resulting chloride with water : 

C^ffCOCl H- Zn(CH3)2 = ZnO ^ (CH^J^CC^HOO.Cl 
and 

(CH3)2(C3HOO.C1 + HOH = HCl + (CH3)2(G3H’)O.OH. 

Bimethyhpropyl Carbinol, obtained in this manner by Butlerow, is a liquid re- 
sembling tertiary butyl alcohol; rather viscid; lighter than water, and somewhat 
soluble therein ; having an alcoholic and camphorous odour ; boiling at 1 1 5° (Butlerow), 
between 122*5° and 123*5° (Jawein, Annalen, cxciv. 254); not solidifying 

in a freezing mixture ; oxidised by chromic acid mixture to acetic and propionic acid. 
The corresponding chloride is a liquid having a disagreeable odour, and boiling, with 
decomposition, at 100°. 

Bimdhyl-iso'proyyl Carbinol, ( 33 ( 0 ^ 3 ) 2 a-fter drying with baryta, distils 

over for the most part at 112°-113° (Prianichnikow) ; at 117° (Pawlow). It is a 
colourless liquid, having a camphorous odour, perceptibly soluble in water, becoming 
viscid at “ 20°, and solidifying at — 35°, in long, slender, white needles having a 
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silky lustre. Sp. gr. = 0-8364 at 0°. Its expansion-coefficient for one degroo between 
•0° and 50° is 0*00099. By oxidation with chromic acid mixture it yields acetono 
and a small quantity of acotie acid (Prianiclmikow, BiM. 8oo. [2], xvi._ 303). 

Briedel a. Silva regard pinacolyl alcohol {2nd 982) as dimctliyl-isopmpyl 

earbinol ; but pinacolyl alcohol boils at 120*5°, and melts at +4°, whoroaH diraoihyl- 
isopropyl earbinol boils at H2°~113° and does not solidify till cooled to -35°. 
Moreover the mode of formation of pinacolyl alcohol, by tho action ol nascHUt hydro- 
gen on pinacolin, which is a ketonic body, and its rc'Ctin version into that body by 
oxidation, show that it has the constitution of a secondary alcohol. 

Metiiyl-dietliyl Carbinol, (OH**)(0”II‘’)-.COJT, is obtained by acting on acetyl 
chloride, CH^COGl, with zinc-ethyl, and treating tho product with watar.^ It boils at 
120°, and yields by oxidation nothing but acetic acid. Tho coiTOsponding chloride 
boils at 110°. 

On the relations between the constitution of Hexyl Alcohols and their Boiling 
points, see Heat (p. 945). 

HEXYIb CKIiORASIe, C®H®CPO = C^H^CP.CHO (Pinner, Bcr. 1052).^ This 
compound is separated by fractional distillation from the higher-boiling portions of 
crude butyl chloral (p. 60). It has a peculiar odour ; distils uiidocomposcd between 
212° and 214°; is insoluble in water, but dissolves in alcohol, ether, and benzene. It 
does not unite either with water or with hydrocyanic acid. Its physiological action 
appears to be but feeble. Alkalis decompose it, producing a formate, a chloride, and 
a dichloropcntylene : 

C^HoCPO + 2HaOH - CMI«OP + HaCl + NaOUO- IPX). 


Nitric acid converts it into a trichloroeaproic acid (p. 1034). 

HEKirXiEXa'ES, C’JP". On tho hexylenes obtained by decomposition of tlio 
hexyl chlorides from normal hexane, see Morgan (p. 1030). 

Mannite Hexylene. — This modification is obtained by the act.ion of potash on 
tho hexyl iodide prepared by boiling mannito witli concentrated hydriodic aeid (iii. 
152). It boils at 68°“70°. 'Whon oxidised by ciiromic acitl it yields nonnal butyric, 
acetic, and carbonic acids ; and tho samo products arc obtained by oxidation of Mju 
corresponding glycol. This result shows that mannito hexylene has the const) tution 
of propyl-methyl-ethyloiie * 

CH.CH» 

II + O' - cmcooH + cH^.oH-.cir-.oooii. 

OH.CH*OH^OH‘ 


The carbonic acid is produced by further oxidation of a portion of tho butyric acid 
(0. Hecht, JBer. xi. 1152, 1154). 

The dihromide, C®H'-Br“, prepared by dropping bromine into this hexylene cotthid 
to —17°, and purified by washing, first with dilute aqueous potash, then with wat.cr, 
and subsequent drying and rectification (whereby it is partly docuniposod), is a faintly 
yellow liquid, having a density of 1*6058 at 0°, and T5800 at 19°, and boiling at 
195°^197° under a pressure of 739*5 mm. 

Monohromhexylcnc, C‘'’H^'Br, prepared by dropping bromine into tho dilironiido 
warmed in a vessel with ascending condonsoi’, pouring the resulting distillate into 
water, and collecting the oil which sinks to tho bottom, is, after drying and rcctiluta- 
tion, a slightly yellowish liquid having a density of 1*2205 at 0°, and 1*2025 at 15°, 
and boiling at 140°-141° (Hecht a. Strauss, Liebig's Annulen^ clxxii. 62). 

A hexylene boiling at 66°-68°, doubtless identical with that just doserihud, is 
obtained as a secondary product in the preparation of diethylic ethyl oxide, or methyl - 
propyl ethylate (p. 746). 

Hexylenes from Tertiary Hexyl Alcohols (Jawein, Liebig's Annakn, cxcv. 
253-264). 1. Teiramethyl-ethylenc,C%CR^yK — This compound is formed 1 ly the 

action of alcoholic potash on dimethyl-isopropyl-carbinyl iodido, in the manner sliov^’ii 
by the following equation : 

HG(CH«)2 G{Cmf 

I + KOH =11 H- la + IPO. 

IO(CH3)2 C(CH0= 

It boils at 73°, and unites directly with bromine, forming a solid dibromide, 
which dissolves in alcohol, ether, and benzene. The ethereal solution chqiosits it in 
long needles, which melt with partial decomposition at 140°, Tho hy dr iodide, 
C'^H’^HI, boils at 140° and solidifies at —22°. The hydrochloride, G‘'‘H'-.HC1, boils 
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at 112° and solidifies at —14°, Tetrametliyl-etliylene is completely oxidised to 
acetone by a 10 per cent, solution of chromic acid. Sulphuric acid at 60° converts 
it into a dihexylene, 

Plncmne, is probably tetramethyl-ethylene glycol, C-(CH®)^.H-02, 

much as pinacone-hydrate is formed by the action of baryta on the ether obtained by 
treating tetramethyl-ethylene bromide with silver nitrate (Pawlow, Ber. xi. 513). 

2. Ethyl-dimethyl-ethylene, 02H(0H®)-(C2H^). Of this hexylene there are 
two modifications, viz. : a. Having its two methyl-groups attached to the same car- 
bon-atoms. Having these groups attached to different carbon-atoms. 

a. This hexylene is obtained by the action of alcoholic potash on dimethyl-propyl- 
carbinyl iodide : 

HOH.C^H^ OH.C2H5 

T - HI = II 
iC(CH3)2 cicmy 

When purified by boiling with sodium and subsequent fractional distillation, it 
boils at lias a density of 0*702 at 0°, 0*687 at 19°. Coefficient of ex-, 

pansion for rtegree = 0*0017. By oxidation with chromic acid it yields chiefly acetic 
acid, propionic acid, and acetone. 

iS. The ethyl-dimethyl-ethylene, having its two methyl-groups attached to 
different carbon-atoms, is obtained in like manner from ethyl-dimethyl- carbinyl 
iodide : 

HCH.GH3 CH(CH3) 

I - HI =. II 

IC(CH3)(C2H<^) C(CH3)(C2Hs) 

This hydrocarbon, first obtained by Tschaikowsky, and further examined by lawein, 
boils at 69*5°-71° (bar. 760 mm. at 0°), and has a density of 0*712 at 0°; 0*698 
at 19°. Expansion- coefficient for 1° = 0*00116. By oxidation with chromic acid, 
which takes place very slowly— a portion of the hydrocarbon remaining unaltered even 
after several months contact with the acid at ordinary temperatures — it is converted 
into acetic acid, together with a small quantity of a ketone, probably methyl-ethyl 
ketone. 

Bolyimfisaiion of Hexylenes . — The polymerisation of the two ethyl-dimethyl- 
cthylenes abovo described is best effected by agitating 1 volume of the hexylene 
with somewhat more than 2 volumes of a mixture of SO'^H- (2 pts.) and water (1 pt.), 
the vessel hoiug immersed in a mixture of ice and salt, and the agitation continued 
till the whole of the hexylene is dissolved. On subsequently exposing the solution to 
the temperature of the air, an oily layer separated on the surface, of smaller volume 
than the hexylene employed. This layer was separated, purified by boiling with 
metallic sodinm, and subjected to fractional distitlation. The vapour-densities of the 
condensation-products thus obtained showed them to be dihexylenes. 

a-Ethyl-dimethyl-elhylene, C“H®.CH=:C(CH^)-, yielded a dihexylene boiling at 
193°-197°, and having a density of 0*795 at 0°, 0*786 at 19°. Expansion- coefficient 
for = 0-00065. 

jS-Ethyl-diinethyl-ethylcne, CH^GH=C(CH^)(C“H^), yielded a dihexylene boiling 
at 19G°-199°, and having a density of 0*809 at 0°; 0*798 at 19°. Expansion-coeffi- 
cient for 1° = 0*00080. 

EilPPUltSC ACIB, G®H”NO'’ = CH“.NH(O^H^O).OOOH. Some of the deriva- 
tives of this acid have been examined by W. Conrad {J. ^r, Chem. [2],xv. 241-260). 
Ho finds that ethyl hifpyurate melts at 60*5°, and distils, with partial decomposition, 
at temperatures above 180° ; according to Stenhouse (iii. 162), it melts at 44°. 
Methyl hi^purate melts at 80*5°, and cannot be distilled at all (melts at 60°, and de- 
composes at 250°, Stenhouse). Hijopur amide ^ CH-,NH(C’’H®0).COhrH^’, formed by the 
action of ammonia on either of these ethers, melts at 183°. It is a weak base, and 
forms a crystalline hydrochloride. 

The conversion of hippurie into hensoglyeollic acid, CH“.0(C^H®0).C00H, is 
most readily effected by the action of alkaline hypochlorites. BenzoglyeoUic acid 
forms crystals melting at almost exactly the same temperature as benzoic acid (120°). 

Nitrohippuric aeid^ C®H^(NO-)NO^, melts at 162° (at about 150°, Stenhouse), and 
is resolved by heating with fuming hydrochloric acid into glycocine and metanitro- 
benzoie acid (m. p. 141°-142°). 

Amidohippimc acid, C‘’H®(NH2)NO®, melts at 194°, forms crystallisable salts, 
and is resolved by heating with hydrochloric acid into glycocine and metamidobenzoic 
acid (m. p. 165°). 
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Diazokip^mic acid, formed by the action of nitrons acid on amido- 

yppnric acid, is converted by boiling with dilute sulphuric acid into oxyhippiino acid, 
(Griess, Isif Bwppl. 701) ; and this when boiled with strong hydrochloric 
acid is resolved into glycocineand meta-oxybenzoic acid molting at 197^^ (Conrad). 

3E*ormatlon of Kippuric Acid in the Animal Organism. A. Hoffmann 
{Chem, Centr. 1877, 409) finds from experiments on himself that, after the introduc- 
tion of benzoic acid into the human organism, neither benzoic nor hii)piiric acid occurs in 
the perspiration. In one experiment in which benzoic acid alone was taken, that acid 
was found in the urine in addition to hippuric acid ; whereas in another experiment, 
in which benzoic acid and glycocino wore taken, no benzoic acid, but only hippuric 
acid, was detected in the urine, indicating that a combination of the benzoic acid -with 
the glycoeine had taken place. Experiments were also made by passing through fresh 
kidney removed from the body, dofibrinated blood containing alanino, — in 

addition to benzoic acid — whereby an acid (perhaps alanino-hippuric acid) was obtained 
in large white needles very different in appearance from the crystals of hippuric acid. 
Two experiments in which leucine and benzoic acid were passed together through the 
kidney, showed that either these bodies do not combine in the kidney*, or that the 
compound formed is decomposed by the treatment required for its separation. 
Further experiments showed that no hippuric acid was formed, when blood containing 
benzoic acid and glycoeine and having its oxygen replaced by carbon oxide, was passed 
through a kidney removed from the body ; but that the kidney, after blood saturated 
with carbon oxide had been passed through it for two hours, still possessed the power 
of forming hippuric acid from benzoic acid and glycocino wdien they were dissolved in 
oxygenated blood. A kidney removed from the body, and poisoned by passing Idoed 
containing quinine through it, showed little or no power of inducing llni formation of 
hippuric acid from benzoic acid «*ind glycocino : bonco it would appear that tliis power 
is essentially a function of tho living kidney. 

The urine of dogs fed exclusively on animal food is generally supposed to contain 
little or no hippuric acid ; acccordiug to Salkowski, however {Ber. xi. 590), s\ich unno 
always cont.ains a small quantity of that acid, not exceeding 1 part of hippuric acid 
to 129 parts of urea. 

Formation of Hippuric acid m Herhivora , — Experiments on tho formation of 
this acid in the organisms of herbivorous animals fed on different kinds of fodder 
have been made by Weiske, Kellner a. Wienand {Chein. Cmlr. 1870, 522, 530). The 
copious excretion of hippuric acid observed in animals fed on moadow-liay is duo to 
the herbs mixed with tho grass. Addition of common salt to tho hoy produces in tho 
sheep a slight incroaso in the excretion of hippuric acid ; addition of wheat, beans, or 
potatoes to the hay is followed by diminished excretion of hippuric acid, Benzoic 
acid added to the hay is almost wholly converted into hippuric acid ; when, on tho 
other hand, salicylic acid is mixed with tho fodder, only a portion of it appears as 
salicyluric acid, the rest being excreted unaltered. When sheep were fed with peas, 
wheat, or oats, or with pea-straw, bean-straw, or nnpeeled potatoes, no hippuric acid 
was found in their urine, but feeding with wheat or oat-straw was followed by ex- 
cretion of that acid. When tho animals were fed with meadow hay which had been 
treated with dilute sulphuric acid (1*25 per cent.), no liippiu’ic acid was formed, and 
feeding with hay which had been macerated in potashdey (1-25 per cent.), led to a 
diminished excretion of hippuric acid. Hofmoistor, on tho other hand, found tliat tiio 
treatment of hay with boiling water did not interfere with its property of forming 
hippuric acid, but that this property was completely destroyed by alcohol and by 
boiling potash solution of the strength of 3 per cent. \^nd Supptl, G47), Hence it may 
be inferred that the substance which gives rise to the formation of hippuric aei<l in 
the bodies of herbivorous animals is insoluble in boiling water, partially soluble in 
solution of potash (1*25 per cent.), and completely soluble in dilute sulphuric acid 
(1-25 per cent.), as well as in boiling alcohol and in boiling potash-solution of 3 per 
cent. Benzoic acid, added to the beans or potatoes with which tho animals wore fed, 
passed^ off unaltered, even when glycoeine was likewise added to the fodder, but 
hippuric acid, added to beans or potatoes, was decomposed in tho body. 

For the numerical results obtained in these experiments, see Zeitschriftf. Bioloqie, 
xii. 241-265; Clem. Soc. J. 1877, i. 217-220. 


HOmxXiXTS. A mineral occurring, together with erdmannite and molinophano, 
at Stockoe near Brevig in Norway. The crystals, according to Nordonskiold’s 
measurement, are monoclinic, but the angle of the inclined axes differs so little from 
90° that they may bo very nearly represented as orthorhombic, with the axial ratio 
a \b c-0'6362 ; 1 : 0’6473. Oi^ervod faces oo P o<^ ooP, co P2, P, ^2, f c». Aimlo 
ceP: ooP2=:160° 48'; ooP2 : ooP2 = 103° 41'; coP2 : f c» = 115<' 18'; f oo : 
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116° (nearly) ; oo P : P = 139° 39'. Colour blaek to brownish-black. Lustre resinous 
to vitreous. Slightly transparent in thin fragments. Hardness = 5*5. Sp. gr. = 3*28. 
Puses easily to a black glass ; is readily decomposed by hydrochloric acid. Its analysis 
gave: 

Loss on 

SiO“ B=0“ A1“0» Pe=0“ LeO CaO MgO Na=0 ignition 

31*875 18*085 1*50 2*145 16*25 27*275 0*52 1*09 0-41 0*41 = 99*56. 


These numbers (after deducting ¥e~0^) lead to the formula (Ca0.Pe0)®.2Si02.H20®. 

Homilite is very nearly related, both in form and in composition, to datolite 
(Paijkull, Jahrh.f. Min. 1877, 536). 


HOMOCZXffCHOlirmB,^ This, according to Hess {Ber. x. 2157), 

is the true composition of the base called ‘ cinchonine ’ by Skraup (p. 481). 

HOMOCBEil.TZISr£S, CsH^NsO^. This base is formed by prolonged contact of 
the concentrated aqueous solutions of a-methylamidopropionic acid and cyanamide, in 
presence of a small quantity of ammonia : 


CW’e.Cff).COOH + OMH^ = 

It crystallises in monoclinic prisms, sparingly soluble in cold water and alcohol, easily 
in hot water, and turning brown at 150°-160°. The hydrochloride crystallises in 
needles, and forms double salts with zinc chloride and platinic chloride, the latter 
crystallising in octohedrons. Homocreatine, boiled with baryta-water, is decomposed, 
with evolution of ammonia (Lindenberg, J. Cliem. [2], xii. 244). 


HOMOBXM£THYXiPROTOCjA.TEGK17ZG or HOMOVBRATBXC 
ACZB. See Verateic acid. 


KOMO«OXYBSI»rZOZC ACZBS and ABBBHYBBS. See Oxytoluic acids 
and Aldehydes. 


HOMOPBOTOCATBGKirZG ilGZB. See Vanillic acid. 


HOMOSiLBXGYXiXC AOXB and ABBBHYBB. See Oxytoluic acids and 
Aldehydes. 

HO]M[OTBBX!PHTHil.Z.XC ACXB. See Terephthalic acid. 
HOMOVBBATBXC ACXB. See Veeatric acid. 

BomoVAXO'ZXiXiXC ACXB and VAia-II.XiX2fl*. See Vanillic acid and 
Vanillin. 

HOWEY, The following analyses of honey from various sources are given by 
J. C. Hrown {Analyst, 1878, 257) : 



England 

Wales 

Nor- 

mandy 

Grcr- 

many 

Greece 

Lisbon 

Jamaica 

Cali- 

fornia 

Mexico 

Water expelled at 
100° . 

Water expelled at 

19*10 

16*40 

15*50 

19'il 

19*80 

18*80 

19*46 

17*90 

18*47 

a high tempera- 
ture and loss 

7*60 

6*56 

4*95 

11*00 

7*80 

6*66 

7*58 

8*13 

10*03 

LjBvulose . 

36*60 

37*20 

36*88 

33*14 

4000 

37*26 

33*19 

37*85 

35*96 

Dextrose 

36*55 

39*70 

42*60 

36*68 

32*20 

34*94 

35*21 

36*01 

35*47 

Cane-sugar (?) | 

Wax, pollen, and 

doubt- 

ful 

\ " 


— 

— ^ 

1*20 

2*20 

-! 

doubt- 

ful 

insoluble matter 

trace 

trace 

trace 

trace 

0*05 

1*00 

2*10 

trace 

trace 

Mineral matter . 

0*15 

0*14 

0*17 

0*17 

0T5 

0*14 

0*26 1 

0*11 

1 0*07 


The sp. gr. of honey is about 1*41, but varies slightly with the proportion of 
water. 

A solution of 16*26 grams of crude honey in 100 c.c. water produces a deviation of 
— 3*2° to —5° at 60° P. Greek honey produces a deviation of —5*5°. The same 
weight of dried honey in 100 c.c. water gives a deviation of about —4*8°. 

* On page 489 ot tliis Supplement, line 7, for 'Homocinchomne" read ‘Homocinclionidine.’ 
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' Erlenmeyer a. von Planta {N. Bep. Pharm. xxiii. 610) also fonnd ilio amount of 
water in six samples of honey to vary between 17'5 and 19*5 per cent. Senegal honey 
Contained 2o'6 per cent, water, and the amount of phosphoric acid (reckoned on the 
dry substance) was found to vary betAvoen 0’0123 and 0-883. The nectar of the 
flowers of FriiiUaria imperialis contains nitrogen but no albumin, also phos])horic 
acid and a large quantity of gummy substances. 

HOPS. ComposUio7i.—T:ho following results, obtained^ from various samples of 
hops hy extraction with ether, have been published by E. l^ortor {Ancdyd, 1878, 
176). F denotes fine, M medium, L Ioav quality: 


1. Worcester, F 

2. Spalt, F 

3. East Kent, F 

4. Worcester, M 

5. Kent, M . 

6. Sussex, M . 


Moisture 
per cent. 
4-02 

Oil, resin, 
and bitter 
principle 
per cent. 
14*98 

7. BaAAaria, M 

KoIvStnro 

per cent. 
9*97 

Oil, resin, 
and bitter 
priiu-iplo 
j)or cent. 

13*08 

6*96 

14*08 

8. American, M 

7*87 

12*63 

6T5 

13*60 

9. Sussex, L 

8*55 

9*95 

8*10 

13*35 

10. Sussex, L 

9*87 

9-23 

8-20 

13-27 

11. Poperingho, L 

10*2|S 

9*25 

7*05 

11-75 

12. Worcester, L 

9*20 

8*80 


The ethereal residues from Nos. 1, 2, and 3 had a golden tint, all the others wore 
of a greenish hue. 

The tannin in hops is said to vary botAveen 2 and 4*5 per cent. A good porconbige 
of tannin doubtless increases the value of hops, as the tannin precipitates the 
mucilaginous matter in the boor ; but the value depends mainly on the oil, resin, &c. 

Oil the Tm,nm and Pitier Prmci^lc of see 0. Etti {JDbigL pol. ,'h cexxviii, 
491 ; Chm. Soc. Jou7\ xxxiv. 797). 

VasiG OonsiitmUs of IPo^)s (Eriossmayor, Phu/l. pol. J. eexii. (57). — When tlie 
aqutious extract of hops is distilled Avith liims or calidnud magnesin,, and tJie. (liHl illafo, 
which smells of ammonia a, nd trim ethyl ami no, is nout.ralised Avilh hydrotdilond*. acid, 
evaporated to dryness on the w'ator-batli, and oxlianstod Avith alcohol, ammoiiiinn 
chloride remains undissdlvod, and the alcoholic solution, Avhen tnaiporated, yields 
crystals of trim othylami no hydrochloride. On rondoring the motlua’-liqnor alL-ilino 
with potash, shaking it up Avith other, and leaving the eilu'reed solutiim at tlie (inlliairy 
temperature in a shallow dish till the other and the still remaining t-rlnnlhyJaanine 
Inwe evaporated, an alkaline rosidno is obtained wdiich smells like conine, }ia,H a cooling 
not hitter taste, and exhiliits the IblloAviug reactions ; Platinio chloritfo, al’tim addition 
of alcohol and othei’, produces a gveenish-yelloAv precipibito ; d'ro'nrj ^odphufie aoid ami 
potasmem chromate^ a violet coloration ; fuming nitrio and, a yellow colour, soon 
becoming green and dark-green, blui.sh on the cilgos, a,nd the liquid a/ftor ai short t.inui 
h('eoraing colourless ; ta^mio acid.^ silver nitrate^ Fehlwg\s solnlum, and 7ncmmr. 
cJdo7'ide, Avhite precipitates; au7'ic chloride, a white precipitate solid)lo in hydrochhnh^ 
acid ; iodmo solution a brown, broonme a sulphur- yellow procipil at (' changing to ormigo 
iind hvown ; ^diospIiotmigsHc acid, a bulky ycdlow precipitate; JS^esslcPs •rcagnd ]m'o- 
ducos the ammonia reaction. Those reactions are attributed by Griossmayer to th<\ 
presence of an alkaloid, which lie designates as lupulino. 

Sulphiiriizg of Hops. — According to A. Schwarz {Jah'csh. f. Chan. 3 875,1133), 
American hops are always sulphured. The effect of thivS operation is to alter the 
character of the essential oil, and render the rosin loss soluhlo in tho hecr-Avort. 'JTene(‘ 
American beers deposit hut very lit.tle rosin during fermentation, and clarify but 
sloAvly. 

To detect sulphurous acid in hops, Griossmayer {JDingl.pol. J. ceix. 227) adds t,o 
the filtered hop-extract a small quantity of sodiuin-araalgam and a foAv drops of 
hydrochloric acid, whereby, if the hops have boon sulphurGd, hydrogen sulphide will 
bo produced, and may be detected by lead-paper. According to A. Vogel {;lhul. eexv. 
283), this reaction, which may likewise be produced with zinc and hydrochloric acid, 
may lead to erroneous conclusions regarding the sulphuration of hops, inasmuch :is a 
large number of dried vegetable matters, for example malloAv-lcavos, lime-leaves, and 
many kinds of lupin, also ghm off hydrogen sulphide when treated with zinc and 
hydrochloric acid. With sodium-amalgam, however, these vegetable substance's 
exhibit this reaction in a lower degree only, so that for the purpose in quostiojiit is 
more likely to give correct indications than zinc and hydrochloric acid. 

HOKBikCHITE. According to A. Knop {Jahrlmah f. Mm. 1873, 520), the 
nickel ore occurring in irregular lumps in the sorpentinisod gneiss of Tlorhacb in tin' 
Bchwarzwald, and hitherto regarded as a nickeliferons magnetic pyrites, has part ly 
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the composition 4Pe2S3.Ni2S3. That other ores of this locality have a different com- 
position is shown by an older analysis by Eammelsberg (Poyy. Ami. cxxi. 360) ; analysis 
6 below. Analyses 1 --4 are by Gr. Wagner. The values required by Knop’s formula 
are given under 5. Sp. gr. of horbachite -4*43 ; of magnetic pyrites from Horbach 
= 4-7. 

12 3 4 5 6 

S . . . . 45-87 46*07 45-68 — 45*9 40*03 

Ee. . . . 41*94 41-62 42*15 42*13 42-8 55*96 

Ni. . . . 11-52 12*44 — — 11*2 3-86 

Total . . . 99*33 100*13 •— — 99*9 99*85 

HORXdTii The composition of horn has been studied by H. Weiske (Landw. 
Versicohs-Stationen, xx. 35). A piece of stag’s horn placed in water at the ordinary 
temperature imparts to the liquid after some time a deep red colour. The horn of 
the roebuck, however, does not produce this coloration. On evaporating the liquid 
to dryness, the colour changes to brown, and the dried residue, after treatment with 
common salt f^d acetic acid, shows under the microscope numerous crystals of hgemin. 
The dried extract contains 79*9 per cent, organic matter and 20*1 ash. 

The ash consists of — 

E:=0 Na“0 CaO MgO Pe^O"* CO“ SO’ Cl 

5*80 16-24 27*77 2*18 2*25 7*78 27*40 3*37 8*33 = 101*12. 

To determine the amount of extractable matter, the powdered horn was digested 
first in other and afterwards in water, and the extracts filtered, evaporated to dryness, 
and weighed. The following results were thus obtained : — 

Stag’s horn Eoehuck’s horn 

Extracted by ether .... 0*26 per cent. 0*19 per cent. 

„ water . . . .5*76 „ 4-55 „ 

The residue left, after extracting the ether and water, consisted of — 

Stag’s horn Eoebnek’s horn 

Organic matter 36-32 per cent. 36-78 per cent. 

Ash 63*68 „ 63*22 

The ash (iillowing for carbonic acid expelled by burning) showed the following 
composition ; — 

Stag’s horn Eoehuck’s horn 

Lime. ...... 51*52 per cent. 51*51 per cent. 

Magnesia ...... 1-32 „ 1-28 „ 

Phosphoric acid 39*31 ,, 39-08 „ 

Carbonic acid 4*60 „ 4*88 „ 

The spongy part of the stag’s horn amounts to about 24'94 per cent, of the total. 
An analysis of each part gave the following results : — 

Spongy part Hard part 

Extracted by ether .... 0*37 per cent. 0-11 per cent, 

„ water .... 6*88 „ 3*51 „ 

The residue left, after extraction with ether and water, consisted of — 

Spongy part Hard part • 

Organic matter 49*89 per cent, 42*31 per cent. 

Ash 50*11 „ 57*69 „ 

The ash contained — 

Lime 61*53 per cent. 51*58 per cent. 

Magnesia 1*32 ,, 1*33 ,, 

Phosphoric acid 39*43 „ 39*79 ,, 

Carbonic acid 4*25 ,, 4*03 „ 

For this examination a piece was cut from the middle of a large horn, whereas 
for the former analyses a complete antler was taken in each case, which may account 
for the difference in the percentage of ash. The proportion of ash to organic matter 
varies within certain limits, but the ash itself always shows very nearly the same 
composition. 

Zrd 8up. 3 Y 
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aoKHBltXSN'BB and AUGITB. G. vom Eath (Fogg. Ann. ErganzungsLa. 
Ti 229: Jahrh. f. Min. 1876, 201) has analysed crystals of horablonde and angito 
formod'hy sublimation in blocks ejected from Vesuvius. No. 1 is yoUow augite from 
a block thrown out in the eruption of 1872 ; 2 and 3 aro from a block ejeetod in 1.S...J ; 
they exhibit all tbo chiiracLers of simultaneous formation, and .aro lutergrown in 
parallel position. 4 is from a block of loucitophyr, probably of prehistoric origin. 


1. Yellow Augite. 2. Green Aiigite. 


1. 

SiO“ 

53-2 

A1“0" 

1-5 

Fc^O“ 

FeO 

2-3 

CaO 

23-4 

2. 

48-4 

5-6 

— 

9-5 

22-9 

3. 

41-7 

8-3 

14-7 

— 

14-5 

4. 

41*7 

9*5 

17*7 


13-4 


3. Brown Hornblenac. 4. Bliick 1 roniblondu. 


MgO 

lTa“0 

Lows by 
ignition 

Sp, gr. 

19*3 

— 

0-2 99-9 

3-233 

13-7 

— 

0-3 100-4 

3-252 

16-5 

4-1 

0-2^«- 100 

3-112 

13'4 

4*0 

0-3* « 100 

3*235 


. Vom Eatli has also analysed augite (1) and hornbloiido (2) intimately intorgrown 
n an augitic labrador-rock on Monte Monzoni {ZeiUchr. geol. Gcs. xxvii. 361). 

SiO“ A1=0» CaO MgO FeO Sp. gr. 

a). 49-60 4-16 21-86 14-42 9*82 = 99-86, 3-317 

(2). 49-25 5-83 13*03 13*13 16-97 - 98*2r 3-112 

The foUo-v^ing are analyses by E. E. Schmid (Jahrh. f. Mm. 1876, 566) of horn- 
blendes from the diorite of the Ehrenhorg near Ilmenau. 


SiO" 

TiO“ 

Ai^o-* 

Fe=0" 

CaO 

MgO 

H=0 


43-26 

0-82 

12-18 

16*44 

10*93 

10-84 

2-57 

= 97*04 

46-35 

0-45 

19-07 

13*10 

10-39 

4-19 

2*53 

« 96-08 

43-19 

0-55 

19*55 

19-03 

11-69 

2-02 

3*18 

99-81 

46-07 

ta-aco 

19-89 

12*93 

10-69 

5-00 

1*53 

90'Jl 


Speeimons of the diorite rich in hornblondo— so-called ‘ ITonibloiide slate --gave 


Iiy analysis : 


BiO'^ 

TiO* 

AFO" 

Fc^’O”* 

CaO 

47-26 

0-30 

14-26 

16-40 

9-98 

52-37 

0-59 

15-55 

14-GO 

8*21 


MgO 


K^O 

’I1"0 


7-87 

3-00 

0-37 

90-.I-1 

5-12 

2-45 

0-13 

1-07 

r-= lOO'OU 


Varieties of HornUende. — Actinolito. 1. From the bod of magnotio iron ore of 
the Tilloy-Fostor mine, Putnam County, New York (Preiclenbangh, ^ilL Aid. J. 13|, 
vi. 25). 2. Radio-fibrous actinolito, from Felling, near Ofiilil in Anstriin Hp. gr, 

~2‘00 (Egger, Min. 3fLUk 1874,213). 3. Fibrous clichroniafio actinolito from .ho 

S ell 0 Monzoni. Sp.gr. =2-71 (Jolin, Verh.geol. Belchsmisi, 1875, 301). 


SiO“ 

APO-’’ 

Fe^O" 

FeO 

MnO 

MgO 

CaO 

K“0 

Na‘^0 

TT“0 


57*44 

M3 

— 

4*38 

0-15 

22-59 

13-29 

trace 

trace 

1-52 

100*45 

56-88 

1-36 

0-48 

3-26 

trace 

26-43 

12-35 


— 

— -u 

100-76 

53-82 

1*28 

1*53 

11-54 

trace 

18-07 

10-33 

0-30 

1*01 

2-12 

100 


Anthophyllito. 1. From Star Rock, Concord, Delaware County, Pennsylvania. 
Sp. gr. 3-20 (A. R. Leeds, Sill. Am. J. [3], vi. 25). 2. From the spberical massos of 
mica at Hormannschlag in Moravia (Brezina, Mm. 3BUh. 1874, 247). 


SiO=» 

APO^ 

Fo»0“ 

FeO 

MuO 

MgO 

CaO 

K"0 

WO 

HH) 


55-12 

0-55 

— 

8-20 

0-33 

31-18 

0-75 

1-01 

1-55 

2-21 

l()()-90 

57*39 

2-04 

0-42 

6-53 


29-08 

0-69 

— 


2-50 

= 98-71 


Grammatite or Troinolito. Grammatito from the granular limestone of 
Chejnow, near Tabor, has boon analysed by F. Farsky {Verb. gcol. lieiGhsanst. 1870, 
208): 

SiO^ AFO“ FeO MgO OaO 

59-74 1-85 0-34 25*47 12-71 = 100-11. 


On the variety called Hexagonite^ see p. 1030. 

A hornblendic mineral, occurring — together with quartz, oudialyto, nepholin, and 
small quantities of magnetic iron ore, orthoclase and plagioelase— as a constituent 
of a rock in the island of Kikkortarsursurok, West Greenland, has boon analysed by 
J. V. Janovsky {Ber. vi. 1230, 1453) : 


SiO'' 

A1®0“ 

Fe='0» 

FoO 

MnO 

MgO 

44-24 

1-80 

4-27 

29*46 

2-21 

3*11 

44*06 


not 

determined 


44*27 

not det. 


29-33 

— 

3-03 


Loss by 

OaO K=>0 Ha“0 P'O® ignition 

8-84 1-31 0-83 2-33 1-35 = 99-75 

8-78 not doterminod 
8-82 


* Determined by differenoo. 
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A thin section showed the presence of enclosed apatite, so that the phosphoric acid, 
together with 2*76 OaO, must he reckoned as apatite, and there will then remain 
only 6 '08 CaO to he reckoned as silicate. 


Hornblende rocks* Hornhlende- Andesite, — A specimen of this rock, from 
Tusnad on the Budos, near Kronstadt in Transylvania, has been analysed, together 
with some of its constituent minerals, by K. John {Verh. geol, Eeichsanst 1874, 242). 

1. Analysis of the rock. 2. Belspar corresponding, after deduction of 4*73 per 
cent, orthoclase, with the formula Ab'-^An. 3. Mica containing traces of MnO and 


P-Ob Sp. 

gr. =2-967. 




SiO“ 

A1“0“ 

Fe^O" 

FeO 

CaO 

1, 

60*64 

21*08 

3*98 

— 

5-42 

2. 

59*79 

25*33 

trace 

— 

8*34 

3. 

40*77 

15*59 

26*55 

0*78 

0*86 


MgO 

0-94 

0*75 

5*89 


K“0 

1*72 

0*79 

5*07 


Na=0 

4*26 

5*09 

1*40 


Loss by 
ignition 
2*81 = 
0-84 = 
2*32 = 


100*85 

100*93 

99*23 


An dugite-hoYTihlende andesite from Toplitia near (Jyorgy, St, Miklos, in Transyl- 
vania, likewise analysed by John {ghid. 120), was found to contain : 

Loss bv 

SiO“ CaO MgO £=0 Na=0 ignition 

61*09 20*31 5*10 6*09 0*81 2*01 3*87 0*97 = 100*25. 


Sp. gr, -2*6545. The rock contains in a dense ground-mass, small felspars 
consisting partly of plagioclase, partly of sanidin. The microscope shows a large 
proportion of augite, somewhat less of hornblende and of magnetic iron ore. 

C. Boelter {Jahrh, f. Min. 1874, 645) gives the following analysis of a compact 
hornblende andesite from the Pietra Mori in the mining district of Transylvania. 

Loss by 

SiO“ AFO’ FeO CaO MgO ^=*0 Na=0 ignition 

58*02 22*30 4*91 1*22 7*31 2*01 1*36 2*78 1*01 == 100*92. 

The rock consists of a pitch-black ground-mass in which are imbedded shining 
crystals of felspar and needles of hornblende. 

Ilornhlende - Gahhro. — This rock is found on the St. Louis river, near Duluth 
in Minnesota, In outward appearance it closely resembles a coarse-grained hyper- 
sthone rock, and consists of predominating plagioclase (labrador! te), a little orthoclase, 
hornblende, diallagito, pegmatite, titanite, apatite, and extremely small quantities of 
copper-pyrites and epidote, together with a little quartz. The hornblende is mostly 
of a light or dark-green colour, owing to the presence of viridite ; sometimes it is of 
a brown colour, and penetrated by fine dark parallel systems of lines, but a rem-ark- 
able feature of this brown variety is the entire absence of ‘ cleavage-cracks.’ The 
apatite occurs in thick short crystals. An analysis of this rock showed it to have 
the following composition, viz. : — 

SiO= Al'O'* Fe“0® FeO OaO MgO K^O FTa^O H*0 

49*15 21*90 6*60 4*54 8*22 3*03 1*61 3*83 1*92 := 100*80 

(Strong a. Kloos, Jahrb.f, Min. 1877, 113). 


HOHH’-XVXXSRCUH'S'. See Mercury Chlorides. 

HOHasrSTOWE PORPHYRY. See Porphyry. 

HORSE-RABXSK. The fresh root of this plant, analysed by A. Hilger 
{Landw. Vers. Stat. xxii. 75), was found to contain 83*45 per cent, water. Pried at 
100° it yielded 11*5 per cent, of ash, containing 72*52 per cent, of matter soluble in 
water containing carbonic acid, and 27*48 insoluble, including 2*5 per cent, carbon 
and 2*7 sand. 


The soluble portion contained : — 


CaO 



. 1*19 

MgO . 



. 0*89 

Na^O . 



. 0*28 




. 51*41 

HCl 



. 2*19 

SO^ 



. 22*73 

C02 



. 15*31 


Tbe insoluble part contained 


CaO 



. 35*38 

MgO 



. 11*92 

P^O^ 



. 41*92 

Fe^O^ . 



. 3*47 

CO- 



. 7*23 

Si02 



. 5*39 


HTTAHTAJilYlTE. A mineral found by Eaymondi at Huantajaya in Southern 
Peru. It crystallises in cubes and octohedrons having the composition AgC1.20]SraCl 
(F. Sandberger, Jahrb.f. Min. 1874, 174). 

Htr3MCXC ACZD and KUMUS. P. Th4nard (Oompt. rend. Ixxxiii. 375) pre- 
pares pure humic acid by dissolving the crude product in potash, precipitating with 

3 Y 2 
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a slight excess of hydrochloric or sulphuric acid, washing tho precipitate well with 
water, and keeping the spongy mass for forty-eight hours at a temperature of —12*^ 
to — ld°. As the mass thaws, the humic acid separates in tho form of a douse 
precipitate which is to he further washed on a filter. Preparations thus obtained 
leave when burnt only very small quantities of potassium salt, and exhibit on analysis 
a constant composition agreeing with the formula 

According to E. Simon {IJ Institute 1875, 133) puro humic acid absorbs nitrogen, 
which then enters into chemical combination with tho other constituents. Molsoiis 
finds that tho faculty of absorbing nitrogen is not possessed by all liumous subsfunecs. 
Experiments by Simon, which, however, seem to require confirmation, point to the 
conclusion that humic acid renders ordinary calcium phosplmto soluble, f)y replacing 
part of its phosphoric acid. Humic acid and ammonium hiiniato do not diiluse 
through parchment-paper, whereas the compounds of humic acid with phosphoric acid 
diffuse through it readily. 

Diazoxybenzoic acid, C^H^N^O®, a black substance obtained by the action of 
nascent hydrogen on dinitrobenzoicaeid, appears to bo related to tho group of humous 
substances (p. 277). 

HUMZTE. Chondrodite . — Several varieties of this mineral aitj found on tho 
vein of magnetic iron ore in the Tilley-Eoster mine, Putnam County, Now York. It 
occurs in small grains disseminated through the entire vein, and accumulates especially 
in the neighbourhood of clefts and in the clefts themselves ; it is then imbedded in 
distinctly crystalline forms in white serpentine. Tho following are analyses : a, of 
a brown variety ; sp. gr. = 3*2 ; 5, of a red variety. 

SiO“ MgO FcO F Total C) 0 C) Total (=*) 

35-42 54*22 5*72 9*00 104-3() 3*79 100*57 

5. 35-42 51*88 9*73 5*38 102-41 2‘20 100*15 

A groy-brown variety, probably a variety of tho rod, likewise occni's, btil. tho 
quantity of it that could bo isolated was not sufficient for analysis (E. S. Pi’eide.nl)a,ugh, 
6VL Am, J. [3], vi. 212). 

According to E. S. Dana (ihid, x. 89) the chondroclil,o cryst.als of t,he I’illey-Eostcr 
mine may be referred to tho three typos distinguished by tScac(‘bi and vein Rath 
(i. 030 ; 2nd Su 2 >pl. 650). Two analyses, by Q-. W. Hawes, of very pure t»ia,tcri;il 
belonging to the second typo gave : 

SiO^ MgO PcO P f^T). gr. 

34-10 53-17 7-17 0*48 4-14 OO-OOhw,. 

34-05 53-72 7*28 0*41 3-88 = 99-345*^"'" 

Prom the optical examination of the crystals {ibid. xi. 139), Dana concludos that 
those of the second type— if not the others— belong, not to tlui rhom])ic, but to tho 
monoclinic system. According to 0. Klein, tho Vosuvian crystals of chondrodite are 
also monoclinic. Dos Cloizoaux (PM. [5], ii. 28G), likewise on optical grounds, 
refers tho crystals of tho first typo to tho rhombic, those of tho second and third ty])os 
to the monoclinic system, and proposes to designate the first typo as Immiiv, tho 
second as cliondrodite, and the third as clhwktcmUe. 

On the relations of form and composition of Humite and Liovrlto, see Websky 
{Jah'b.f. Mill. 1876,660; JaJircsb.f. Ohm. 1876, 1252 ; Ohm. Soc. J. 1877, ii. 117). 

Chondrodite from tho dolomitic limestone of Svinotic, between Vodnan and 
Bavorov in the Bohemian forest, is described by K. Helmhacker (Min. Mittheil. 
1873, 274). 

UYSiTlsrXC ACXD, {1st Buppl. 701). This acid appears to bo con- 

tained, together with oleic acid, in the mixture of fatty acids produced by saponifica- 
tion of the compound ethers obtained from the grease of sheep’s wool f Schulze a. 
Alrich, JBct. vii. 670). ^ 

^ HTTBAWTOIC {1st Sujppl. 702). Olyeokmo aefc?.— This 

acid is formed : 1. By the action of cyanic acid on glycocine : 

CmNH2 CmNH(CO.NH2) 

I + HCNO = I 

COOH COOH 

An aqueous solution of glycocine sulphate is heated with a slight excess of potassium 
cyanate, and the liquid, mixed with a considerable quantity of alcohol, is filtered from 
potassium sulphate, and left to evaporate CWisliconus, Liebiy’s Aiinalen, clxv. 103). 

^ replaced by f. (=) Equivalent to the fluorine. (•'') After deduction of the 
eurresponaing oxygen* 
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2. By heating glycocine with urea (Heintz, Isjf JSuppl 702) : 


CH2.NH2 

Aooh 


CO<^|' - Nff + 


Cff.NH(CO.NH*) 

COOH 


The formation of hydantoic acid in this manner is facilitated by boiling the two 
substances together with baryta-water j if an excess of urea is used, the conversion of 
the glycocine is almost complete (Baumann a. Hoppe-Seyler, Ber, vii. 34). 


Methyl-bydantoic acid, C4H:8N208 ^C»Hs(CH*)N203. This acid, first ob- 
tained by 0. Schultzen {Ber. v. 578) from the urine of a dog whose food was mixed 
with sarcosine (methyl-glycocine), has lately been produced synthetically from that 
compound by Baumann a. Hoppe-Seyler (loc. cit,) in the same manner as hydantoic 
acid from glycocine, viz. 

1. By the action of cyanic acid: 

0H2.NH(GH3) CH2.N(CH3).C0.HH2 

.11 I + CNOH = I 

COOH COOH 


An aqueous solution of sarcosine is digested with potassium cyanate and an equal 
quantity of ammonium sulphate for two days in an air-bath at about 40° ; the liquid 
is then concentrated and freed from potassium sulphate by addition of alcohol ; the 
alcoholic solution is supersaturated with baryta- water and evaporated ; the baryta, 
after dilution of the liquid with water, is precipitated by carbonic acid ; and the 
filtered liquid, after concentration to a small bulk, is mixed with a large quantity of 
strong alcohol. The resulting precipitate of barium methyl-hydantoate, which be- 
comes quite hard after a while, is washed with alcohol, dissolved in water, and 
cautiously decomposed by dilute sulphuric acid ; the solution is repeatedly shaken 
up with ether containing alcohol ; the united extracts are distilled in a water-bath ; 
and the remaining solution is evaporated over sulphuric acid. 

2. By boiling sarcosine and urea with excess of baryta-water, or digesting the 
same mixture for two days at 40® : 


CH^NH(CH3) 

COOH 



NH^ -1 


CH2.N.(CH^)CO.NH2 

COOH 


Methyl-hydantoic acid crystallises in transparent plates, not very soluble in cold 
water or alcohol, but easily soluble in the same liquids when warm ; also in ether 
containing water or alcohol ; it has a strong acid reaction and pleasant sour taste. 
The dilute solution may be heated to boiling without decomposition ; but wdien the 
concentrated solution is heated on the water-bath, the methyl-hydantoic acid is 
resolved into water and methyl-hydantoin or glycolyl-methyl-carbamide: 


.N(CH3)-CH2~CO.OH ,N(CH3)~.CH2 

C0<: - IHO -t- C0< I 

\NHH CO 

The crystals of methyl-hydantoic acid may, however, be heated to 100® for a 
short time without decomposition, but if the heating be continued, water is gradually 
given off. In this respect the crystallised acid is more^ stable than its concentrated 
solution. The same conversion of methyl-hydantoic acid into methyl-hydantoin takes 
place when the acid is boiled vith carbonate of lead or carbonate of barium to form 
the corresponding methyl-hydantoatos, only traces of the acid passing into solution. 
The barium and copper salts of methyl-hydantoic acid do not crystallise (Baumann a. 
Hoppe-Seyler). 

When moist silver oxide is added to a hot aqueous solution of methyl-hydantoic 
acid, and the liquid is filtered, the filtrate on cooling deposits a pulp of white shining 
laminse, the amount of silver in which agrees with the composition of silver-methyl- 
hydantom, CH^AgN-0^ 

Methyl-hydantoic acid heated in a scaled tube at 130®--140° with a hot-saturated 
solution of barium hydrate, yields ammonia, carbon dioxide, and a non-crystallisable 
syrup which has a sweetish taste, an acid reaction, and dissolves cupric hydrate 
abundantly. It forms a zinc salt which crystallises in large four-sided prisms, and 
contains a quantity of zinc indicating a mixture of methyldi- and methyltri-glycol- 
lamic acids (E. Salkowski, Ber. vh. 116). 

The formation of methyl-hydantoic acid in the animal organism after the intro- 
duction of sarcosine does not appear to depend on the presence of previously formed 
urea. When sarcosine and urea were dissolved in a 2 per cent, solution of sodium 
bicarbonate, or in a 1 per cent, solution of the normal carbonate, and the liquid was 
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ke^t for two days at a temperature of about 40° (blood-heat), no formation of methyl- 
hydantoic acid took place ; neither was hydantoic acid obtained by procoedin^ in a 
similar manner with urea and glycocine. Moreovor, hydantoic acid was not produced 
by passing carbon dioxide into a cooled solution of glycocine in strong aqnnous 
ammonia, or when dry carbon dioxide and ammonia gases (which together foimi 
ammonium carbamate) were passed into a capacious flask containing glycocino hydro- 
chloride. These experiments show that carbamic acid, when brongJit in contact wilh 
glycocine or sarcosino, has no tendency to nnite with it and eliniinatc w:ilei'; and 
they rather tend to support tho view which ascribes the ftirma.tion of urea or of 
methyl-hydantoic acid in the animal organism, to the direct addition of a cyanic 
acid residue to ammonia or sarcosine rospoctivoly (Baumann). 


BXethyl-bydantoin, formed as above-mentioned by dehydration of methyl- 
hydantoic acid, may also l3e prepared by molting sarcosine wilh urea : 

CH2.NH(OHs) >N(CH^)-CH'-' 

+ -b 00< j 


COOH 


It melts, according to Salkowski, at 154°-155°, i.e. at a temperature about 10° higher 
than the melting point originally assigned to it by Nenbauor (Lfj( 703). 

Baumann found that a preparation w'hich at first melted at 145°~146°, acquired, 
after repeated crystallisation, the higher melting point determinofl by Salkowski. 

CH- 

Phenyl-liydantoi: , = CO<f I , is obtained by fusing a 

\n1T 00 

mixture of urea and phenyl-glycocine at 155®. It forms a cryslfillino mass of shmdiT 
needles; melts at 101®; dissolves in water and in alcohol after [irolonged boiling; 
but is only slightly wsolublo in cold alcohol, and still less in cold wa(,<n'. It- (lisKolvc.H 
in alkalis and is roprecipitatod by acids. Tho ammoniacal solution gives wliitc 
precipitates with silver nitrate and barium chloritio, and does ijot dissolve freshly 
precipitated mercuric oxide or silver oxide. Tho aqueous solution does not oxbibit 
the reactions just montionod (P. Schwobol, jBc7\ x. 2015). 


Tolyl-hydantoio acid, 


CH2.N(CW).CO.KIP 

iooH 






-NIC 


CO, are obtained, together with ot-hor 


and Tolyl-hydantoiin, 

componnds, wlieu urea juid 


paiatolyl-glycocino aro fused together in equal numbers of molecules. Hot alcohol 
extracts from tho fused product tolyl-hydantoic acid ujid monolulyl-cavbamido, heaving 
tolyl-hydantoin and a crystalline substance (m. p. 174®) undissolviul. On evaporat ing 
the alcoholic extract, tolyl-hydantoic acid is obta,iiiotl as a white powder^ 
insoluble in cold water and cold alcoliol, and sparingly solubhi in lioiling alcohol. It 
docomposes at 21)0® without molting, ami is preeipita,ted from its solution iii a,nimouta 
by acids. On adding hydrochloric acid to tho mother-liquor from tho t.olyl-hy(laiitoie 
acid, the monotqlyl-carbamide separates out, and is clopositod froiii a sohition 
in hot alcohol in silvery needles, which arc insolublo in water and a-mnioiiia, and aro 
not attacked by acids or alkalis. It decomposes at 200°. Tolyl-hydantoin 
crystallises in colourless noodles (m. p. 210®) insolublo iu cold water, but soluble in 
alcohol (ISchwebol, i?e?\ xi. 1128). 


nit— OIP 

TMohydantoin or Glycolyl-thiocarbamide, | 

\Nn— 00 

(p. 400). This compound, unlike thiocarbamide itself (p. 395), does nob unite diiaictly 
with chlorine and bromine, but is decomposed by chlorine in presence of water at low 
temperatures in the manner represented by the equation : 

CS<" ! + SOP + GH^O = CH^.CO^H + CO{l^my + S0'‘H2 + GJTCI. 

'NH.CO 


Bromine acts in a similar manner at ordinary temperatures, but tho carliamido at tlie 
moment of its formation is resolved into 00^ and NH'b Thiohyclantoiii, heated to 
130 -~140® \nth ethyl htoTnid/i and alcohol, yields, not an additive compound, but 
ethyhc tliiocarbimidacetate : 


/NH.CH2 

osc; I + C^H^Br + 2C2H'‘*OH 
\NH.OO 


®^‘*^<COOC=ii» + (C“H»)-0 + Nll'Bi*. 
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OH- 

JPheoiyl-thiohydanto'in, ~ CS<f | (P. J. Meyer, 

\N(G«HO~CO 

X. 1965). — This compound is formed when chloracetanilide and thiocarbamide dissolved 
in alcohol are heated together on the water-bath. Thioliydantoi'n then crystallises 
out first, and from the filtrate water throws down phenyl-thioliydantoi’n. The same 
compound is formed when phenyl-thiocarbamide and ethyl-monochloracetate are 
boated together in alcoholic solution, and the product, after being made alkaline, is 
treated as above. 

Phonyl-thiohydanto'in forms small shining slightly yellow needles or prisms, which 
melt at 103° ; it is nearly insoluble in water, sparingly soluble in cold, easily in hot 
alcohol, also in ether and in acids. With caustic soda-solution it forms a very 
soluble and easily crystallisable sodium-salt. 

.NH CH2 

TolyUthiohydanto'in^ CS<; | , prepared as above from ehlorace- 

\N(GJH0— CO 

toluide and .'thiocarbamide, crystallises in small shining needles or prisms melting at 
183° (Meyer, loo. dt.) 

A second phenyl-thiohydantoin appears to be formed on fusing together phenyl- 
glycoeine and thiocarbamide. 

Thiohydantoic or Tliiocarbamidacetic acid, jg formed by the 

action of thiocarbamide, aided by heat, on a solution of the monochloracetate of sodium 
or ammonium. It is a white crystalline powder composed of microscopic four or 
six-sided tablets and prisms, soluble in hot water, also in alkalis and acids, otherwise 
insoluble. It decomposes when heated. The aqueous solution is quite neutral, and 
does not form a precipitate with silver nitrate ; but, on addiug a small quantity of 
ammonia, yellowish fiocks are thrown down. The acid appears to form salts, but they 
arc very unstable. By alkalis, even sodium carbonate, and by acids, it is easily con- 
verted into thiohydanto'in, and the same change takes place partially even on re- 
crystallising the acid (B. Maly, Wien Akad. Bcr. [2 Abth.], Ixxv. 712). 

HYBBASTIS. The root of Hydrastis canadensis is knovm to contain two 
alkaloids, viz. liydrastine and berberine (iii. 178 ; 2nd Svjopl. 665), and a third has 
been detected in it by A. E. Hale {Vharm.J. Trans. [3], iv. 106). 'When ammonia 
is added to the aqueous extract of the plant from which the hydrochloride of berberine 
has already been separated, as long as a precipitate is thereby produced, and the solu- 
tion of this precipitate in alcohol is left to evaporate, a crystalline .substance is 
obtained apparently coloured by a yellow powder. If, on the other hand, the uqncous 
filtrate be merely neutralised with ammonia, and the resulting p'^ecipit:"'to dissolved 
in alcohol, the solution thus obtained deposits colourle.ss cry^uils (u* ];ydra.stine. 
On further addition of ammonia, however, a new precipitate is formed of darker colour 
than berberine, neutral in alcoholic solution to test-paper, and diftering from berberine 
also in other respects, being less soluble in cold nitric acid, and forming a solution 
which turns red when warmed. Its solution in hydrochloric acid docs not deposit 
crystals till it is nearly cold. The new alkaloid dissolves in hot sulphuric acid with 
rod-brown colour ; it is more soluble tlian berberine in water and in cold potash 
solution, and forms, with a solution of mercuric iodide in potassium iodide, a slight 
yellow precipitate. 

The existence of this third alkaloid in Hydrastis canadensis is confirmed by 
J. C. Burt {Vharm. J. Trans. [3], vi. 467), who finds that the sulphate crystallises in 
radial tufts of prismatic needles, and that the hydrochloride gives precipitates of 
yellow to reddish- or brownish-yellow colour. 

The alkaloid, distilled in alkaline solution with potassium permanganate, gives off 
traces of ammonia, and therefore probably contains nitrogen. 

hydrates. Church {Chcin. News, xxxiii. 203) proposes to classify hydrates 
occurring in nature according to the conditions under which their combined water is 
retained : viz. (1) Cryohydrates, which retain their water only at low temperatures. 
(2) Hyyrohydrates, which retain it only in a moist atmosphere. (3) Baroliydraics, 
which give it up undcT diminished pressure. An example of a hygro- and baro- 
hydrato is afforded by the native uranio-calcic phosphate called autunife, which in 
the natural state is a hygrohydrato containing 10 mol. H^O, 5 of which it gives off in 
dry air, being thereby converted into a barohydrate, which gives off 3 mol. H-0 in a 
vacuum. 

071 Cr7joliydratcs, see also pp. 1005-1009. 

071 the Heat of Foomatmi of Crystalline Hydrates, see Hi at, p. 982; on their 
Becornjyosifitm hy Heat, pp. 1012--1O15. 
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HYDBAZINE (PHENYL). 

, HVBRAZIX^ES. The name hydrazine is given to the group or 
Le. ammonia in which 1 atom of hydrogen is replaced by amidogen. ^ This compound 
is not actually known, but several of its derivatives have been obtained in which one 
or more of the hydrogen-atoms are replaced by radicles, alcoholic or iicicl. The 
hydrazines containing only alcohol-radicles are all of basic cha, racier, and, like the 
amines, are designated as primary or secondary, according to the uiiinbu]* of Jiydrogon 
atoms thus replaced. Tertiary hydrazines containing only alcohol-radicles liavo not 
yet been obtained. Each hydrazine contains 1 at. N. and 1 at. II. more than the 
corresponding amine ; viz. 

Ethyl-amine, 1 Diethyl-amino, Onb\NlI.O'IP 

Ethyl-hydrazine, I Diethyl-hydrazine, 

A, Pbimabt Abomatic Hvdbazines. 

These bases, represented by the general formula 

or f, 

in which B stands for phenyl and its homologues, are produced by the action of 
reducing agents on diazobenzene-compounds and on aromatic nitrosamines. 

jphenyl-hydrazine, = (E. Eischor, Qliem. Ges. 

JBer. viii. 689, 1005, 1587, 1641 ; ix. Ill, 454, 880 ; Liebig's AmmUn, cxc. G7-145). 
Formation and Frcparaiion. — 1. By the action of zinc and acetic acid on diazo- 
amidobenzene and diazobenzeno-diothylainido : 

-t -= C«H'bKH.NE'^ h- C‘’H-bKIP 

Diazo-amidobcnzonc. rucnyl-hydrazine. Aniline. 

G«IP.Nz=:N.N(C-ir7 + = 0«DhK]I.K,lP + 

Diazobonzenc-diethyl- I’lionyl-liydruzinc. Dietliyl- 

amido. nniiiuj. 

2. By adding diazobenzene nitrate, C'^lTbHxrN.NO''*, to a cold solution of hydrogou- 
poLassium sulphite, whereby it is converted into yellow crystals of potassium di.azo- 
benzene-sulphonato, 0®H'\NzzN — SO^K; and boating t his salt on the water-bath with- 
excess of hydrogen-potassium sulphite, or with zinc-dust and liydrochhirie acid, 
whereby it is converted into colourless phouylliydrazinesulphonato, 0'’lh’.N Il.Nll.WO‘‘K, 
which, when boated with hydrochloric acid, yields the hydrochloride of phenyl- 
hydrazine : 

C^mra.NH.SO^K -h HOI + H‘0 - S0‘KI1 -f- c«ii^Nii=NLrvrici. 

3. By heating the dry white phonylliydrazinesulplionato (50 iits.) with henzoyl- 
chloride (70 pts.), and chloroform (80-00 pts.) as long as hydrochloric a,cid continues 
to escape, and heating the resulting dibcnzoylphonyl-hydrazine, 0'H'''’NTI(0^n/’0)-, to 
100° with hydrochloric acid of sp. gr. ITO, whereupon it splits up completely into 
benzoic acid and phenyl -hydrazine. 

4. Commercial potassium nitrite (25 pts.) is gradually added to a coohjd mixture 
of 20 pts. aniline, 80 water, and 50 hydrochloric acid (sp. gr. 1T9), and this mixture 
is slowly poured into a solution of commercial sodium sulphite in excess. The liquid 
is then nearly neutralised 'with hydrochloric acid, treated on the wator-bath with 
zinc-dust till it becomes colourless, and finally concentrated, with addition of small 
quantities of hydrochloric acid, till the hydroelilorido of phonyl-liydrazine soparat.es 
out. This reaction is rocommondod by Fischer as affording an easy method of pre- 
paring hydrazine-compounds. 

Phenyl-hydrazine is, at ordinary temperatures, a nearly colourless oil, of sp. gr. 
1-091 at 21°, and boiling at 233°-234° ; on exposure to cold it solidifies to a crystal- 
line mass of shining tables, which melt at 23°. It is somewhat soluble in hot water, 
hut almost insoluble in concentrated solutions of the alkalis : it is miscible in all pro- 
portions with alcohol, ether, benzene, and chloroform. In presence of reducing agents it 
is exceedingly stable, but it is very readily decomposed by oxidants i it redxicos 
Pehling’s solution even when in cold dilute solution, and this reaction, by reason of 
its delicacy, is recommended for the discrimination of all primary hydrazines, and 
indirectly of diazo-compounds. It is a monacid base, yielding well-defined crystal- 
line salts. The hydrochloride, is a colourless salt cryshiUisiiig in 

shining plates, which may be sublimed unchanged. It is precipitated from its aqueous 
solution by concentrated hydrochloric acid. The (CW.N'‘’'JlD'Xl“tSO‘, and 

nitfraSe. form white shining plates, easily soluble in water. The moratc, 
C«B'^,N2H®.OII.O«H2(]lIO“)’, crystallises in slender yellow needles, the oxalate, 
{(ym.WR^yB3a^O\ m colourless plates. 
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Reactions, — (1). With Sulphur. Phenyl-hydrazine heated "with sulphur is 
decomposed — the action beginning at 80° — ^with formation of nitrogen, ammonia, 
hydrogen sulphide, benzene, aniline, thiophenol, phenyl sulphide, and phenyl disulphide. 

The action of sulphur upon the hydrazines appears, therefore, for the most part, to 
be limited to their nitrogenous group, and is similar to the decomposition of these 
bases by oxidation in their alkaline solution. The formation of aniline, which occui's 
to the extent of 80 per cent, of the phenyl-hydrazine employed, is explained by the 
equation : 

2(C°HhNH.NH2) -h S = 2(C«HMSnB[2) + H^S + N^; 

that of benzene and the various sulphur-derivatives enumerated resembles the ordinary 
decomposition of the diazo -compounds. 

2. With Halogens. Aqueous emulsions of phenyl-hydrazine, treated alternately 
with iodine and potassium hydrate, take up iodine and form diazo-benzenimide, aniline, 
and iodanilines, probably according to the equation : 

2C®H5N^H3 -j- 2P = + C«H®NH2 + 4HI. 

Chlorine and bromine act much more energetically, decomposing the nitrogen-group 
of the hydrazine. 

3. With Nitrous acid and Nitrites. When gaseous nitrogen trioxide is passed 
into an aqueous or ethereal solution of phenyl-hydrazine, diazobenzenimide, C^H^N^ 
is formed, together with dark-coloured resinous products : 

+ NO-H « + 2H20. 


When, on the other hand, sodium nitrite is added in excess to a cooled solution of 
phenyl-hydrazine hydrochloride in 10 pts. of water, the liquid becomes turbid, gives 
off the intoxicating odour of diazobenzenimide, and after a while deposits yellow 
crystalline Hocks of phenyl-nitrosohydrazine : 

0«HhN‘^H*,HCl + NaN02 =: 0«H^N2H2(N0) + NaCl + H^O. 

This reaction is very characteristic of the primary hydrazines. 

4. With Diazobeiizene. The action of diazobenzene-salts on the aromatic 
hydrazines does not give rise to compounds analogous to the diazo-amido-compounds, 
which are formed by the action of diazobenzene-salts on amines {c.g. diazo-araido- 
benzeno and diazo-dimcthyl amide from aniline and dimethylamine respectively), but 
proceeds in a. different manner, which is as characteristic of the primary hydrazines as 
the action of nitrous acid. 

When pure nitrate or sulphate of diazobonzene is added to a cold aqueous solution 
of phenyl-hydrazine hydrochloride, the liquid soon becomes turbid, from separation of 
diazobenzenimide, while a salt of aniline remains dissolved : 


C«H'’-~Nxz:N— N 03 -i- C°H5--NH— NH2 


Diazobeiizene 

nitrate. 


Pbcnyl- 

hydrazine. 


Diazobenzen- Aniline 

imide. nitrate. 


This reaction is analogous to that which Griess observed with diazobenzene nitrate 
and hydrodiazobonzoic or hydrazine-benzoic acid, or with diazobenzoic nitrate and 

phenyl-hydrazine, whereby diazobenzoic imide, ^ ^ N^^’ aniline 


nitrate, or diazobenzenimide and amidobonzoic nitrate, are produced (p. 276).^ The 
formation of the diazo-benzoic imide is attributed by Fischer to a regeneration of 
aniline and nitrous acid, consequent on the assumption of 2 mol. H‘^0 by the diazo- 
benzene, and to the action of the nitrous acid thus formed on hydrazine-benzoic acid, 


tlius : 


and 


C«HhN2.N03 + 2H-0 = C«HXNH2).NO=^H + NO^H 

Diazobenzene Aniline nitrate. 

nitrate. ^ 

C«H^(CO-H)-NH.NIP + NO^H - -h 

Hydrazine-benzoic Diazobenzoic 

acid. imide. 


To explain the simultaneous formation of amidobenzoic acid and diazobenzenimide, 
it is necessary to suppose that the hydrazine-gronp is split up, and that nitrogen is 
transferred to the diazubonzoiie. This result may likewise bo brought about by 
assumption of water, the hydrazine being resolved into the corresponding amine and 
hydroxylamine : 

R.NH.NH2 + H'O = E-Nff + NffO. 
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The last reaction has not, indeed, been effected in the simple form hero roprcsorited ; 
but there are sufficient grounds for supposing it to take place, ospocialiy in the 
secondary hydrazines. The hydroxylamiue thus formed will unite with the dinzo- 
benzene, forming water and diazobenzenimido : 

+ Nmo = cmw + notc + ii-o. 

That such is actually the case may bo shown by pouring a mixture of the cold aqueous 
solutions of diazobonzeno sulphate and hydroxylamiue JiydroeJiloride into a <‘old diliil.o 
solution of sodium carhonato, -wlieroupon diazobcnzcnimitlo soparalus out nearly in the 
quantity required by theory. Further ovidenee in support of the oxphimition just 
given is that the secondary base, mothylplicnyJ-hydnizine, is dceoiup(jso(.l in a similar 
manner by diazobenzeno, yielding diazobenzenimido and moth^danilino. 

6. jRecomCTsionof Hydracinesinto Diaz'o-cofntimmds. — T'his ti’anstbrmation may bo 
effected through the medium either of the sulphonatos or of the ordinary salts (chlorides, 
sulphates, &c.) of the hydrazines, most readily, however, with the former. The 
hydrazine siilplionate is prepared by heating 2 mol. of the base with 1 mol. potassium 
pyrosulphate, whereby a pasty mixture of potassium sulphate, plfenyl-hydrazine 
sulphate, and phenyl-hydrazine sulphoiiate is formed, which soon solidifies : 

4(C«mN2Hs) + 2K2S20" = K^SO* + (C^HhN^HO'SO'* + 2(C«H^N2H-.SOT^). 

To isolate the last salt, the melt is dissolved in hot water, and the greater part of the 
sulphuric acid removed by barium carbonate, the phenyl -hydrazine wliicli was com- 
bined with that acid then separating for the most [)art as a.u oil; and on adding 
strong potash-ley to the hot filtered liquid, the hydrazino-siilplioiiato is dcposilotl in 
a mass of crystals which may bo olhained })iiro by oiio vecryslJiUisaiion from hot 
water. The hydrazine-siilphonato may then bo converted info tins yellow diazosiil- 
phonato, GTP.N-.tSO'Tv, by oxuhition wat.h mercuric oxide, oi* po(,a,ssium dichronuUe. 

The convor.sion of the sulpliate, chloride, &c., of the Jiydrazim^ In a. diazo-eom- 
pouncl by oxidation is h?ss easy and requires spoeial preeaiil-ions to prm'ent the 
occurrence of secondary reactions. The best way of proceed log is to add the aejneous 
solution of the hydrazine salt gradually, and. wdth contimaii agiiation, to water holding 
in suspension an excess of mercuric oxide. The reaction tliou ta,kes place to great 
extent in the manner reprosontod by the oqiiation : 

(CmN2H')\SO^ + 0‘ - (C«JP,N*)';SO‘ -)- 411^0. 

The formation of phonyl-hydiMzino from diazoboiizeim, a, nd its rocouvorsion into 
the latter by the reactions above described, are moin^ roa,dily explained by ivekuhVs 
formula of the diazobonzono-corapotinds, viz. B, — N:r;iN — 1\V, containing oidy trlvaient 

nitrogen, than by Strockor’s formula ||| , in which omi of the N-atoms is qiiln- 

N 

quivalent (p. 63G). For all these reactions, indeed, StroeloFs formnhi, would re(|uiri^ 
intra-mol ocular transpositions, and the conversion of ([uinquiwilent into tri valent 
nitrogen by addition, and of trivalont into quinquivalent nitrogen by abstraction of 
hydrogen, which does not appear very probable. 

4. Oxidation of Phenyi-kydraamc in Alkaline Solution . — The oxidation of phenyl- 
hydrazine, in presence of mineral acids, gives rise, as already obs('rvcd, to diazoben- 
zene or its transformation-product, diazobonzonimide, and is nut atlended wn’tli evolu- 
tion of gas ; in alkaline solutions, on the other hand, Fehling's solution for example, 
nitrogen is evolved, and the products formed are aniline and benzene. The furm.ation 
of aniline is explained by the equation : 

2(G«mNH.NIP) + 0 - 2(C«H'tNH-) -h H-0 + W; 

that of benzene is probably due to tbe decomposition of a diazo-compouiid, with entire 
evolution of its nitrogen in the form of gas, and the entrance of its hydrogen into the 
benzene residue. 

C«TP.N-C— NH 

Phenyl-dicyattUydrajisine, C«H«.N2H''’.(CN)2 probably - I 1 * 

,,,, IIN^CrrrNJT 

When cyanogen gas is passed into an emulsion of 1 pt. phenyl-hydrazine and 
10 pts.^ wrater, yellowish-red crystals are obtained which, after washing with w'ator, ma,y 
be purified by recrystallisation from alcohol, with addit.ion of anim.al charcoal. They 
are still however yellow after this treatment, and it is only by repeated solution ill 
ether and precipitation with ligroi'n, which is atlondod with great Joss of subslaace, 
that they can bo obtained nearly white. They consist of phenyl-dieyauliydrazine, wiiich, 
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from the analogy of its mode of formation to that of dicyananiline, may perhaps be 
represented by the constitutional formula above given. 

Phenyl-dicyanhydrazine dissolves easily in alcohol, and in ether, sparingly in 
water and in ligroin. Prom hot water it crystallises in jagged feathery groups 
which unite into laminae ; from benzene, chloroform, or an ethereal solution mixed 
with ligroin, it separates in crystals which, according to Arzruni, are monoclinic, with 
strongly curved faces. It turns brown at 160°, and melts with decomposition at a 
slightly higher temperature. It dissolves in dilute hydrochloric acid, and is separated 
from the solution by neutralisation with soda. Its cold aqueous solution gives with 
Pohling’s solution a dingy green precipitate and a blue-green coloration. It reduces 
ammoniacal silver solutions. Its alkaline solution, when exposed to the air, absorbs 
oxygen and turns brown. The cyanide is not much affected by acids, but when 
heated to 150° for several hours with water, it is converted into white needle-shaped 
crystals. Its solution in sulphuric acid gives a white flocculent precipitate with 
potassium nitrite. 

Phenyl-azonium Compounds. Azonium compounds are bodies related 
to the hydraz^es in the same manner as the ammonium compounds to the amines, 
and produced in like manner by the combination of hydrazines with the bromides, 
chlorides, hydroxides, &c., of alcohol-radicles. 

JPhenyUdiethyl-asonium Bromide, C®HMT-H“(C"H®).C^II®Br. — When 

phenyl-hydrazine and ethyl bromide are mixed together in molecular proportions, 
reaction begins at ordinary temperatures, and must be moderated at first by immers- 
ing the vessel in cold water, but to complete it the mixture must be gently heated 
in a refiux apparatus. "With 1 mol. of the base to 1^- mol. ethyl bromide (a slight 
excess of the latter being advantageous), the liquid solidifies completely to a magma 
of white slender needles, which may be freed from the slight excess of ethyl bromide 
by warming on the water- bath. This product dissolves completely in water, and the 
solution, after being freed from volatile bases by extraction with ether, yields phenyl- 
diethylazonium bromide as a precipitate composed of white slender needles ; and by 
passing these between filter paper and recrystaUising from boiling alcohol, the com- 
pound is obtained in short transparent prisms, or by slow evaporation of the alcoholic 
solution in shining splendidly developed rhombic 
prisms, exhibiting the combination coP, Pco, OP 
(fig. 5), mostly elongated in the direction of the 
maerodiagonal. The faces coP and Poo are often 
equally developed, while OP is narrow, and striated 
parallel to its combination edge with Poo . Axes 
a‘. h : 0 = 0*8219 : 1 : 0*8265. The plane of the 
optic axes is parallel to the brachypinacoid, and 
the first median line coincides with the axis c. 

Dispersion of the optic axes p<v. Double refrac- 
tion positive, strong. 

I’hcuyl-diothylazonium bromide dissolves very easily in water, very sparingly in 
strong alkalis, and is insoluble in ether. At 180° it begins to turn brown, and at 
193° it decomposes rapidly, giving off gas and yielding a yellow oily distillate, while 
a half-charred mass remains in the retort. 

In its chemical relations, this bromide exhibits the characters of an ammonium 
compound ; it is not altered by alkalis, hut is easily dehrominated by the oxide and 
salts of silver, yielding with the former a hydroxide easily soluble in water and 
having an alkaline reaction. By agitating its aqueous solation with recently pre- 
cipitated silver chloride, it is quickly converted into the chloride, which is likewise 
easily soluble in water, and unites with platinic chloride, forming brown-yellow crystals 
of the platinochloride, 

The constitution of these azonium-compounds seems at first sight to throw some 
doubt on the universality of Hofmann’s conclusion that the formation of compounds 
of the ammonium-type from those of the ammonia-type takes place only after the 
typical hydrogen of the latter has been completely replaced by alcohol-radicles. The 
discrepancy may, however, he removed by supposing that in the action of ethyl 
bromide on the hydrazine base, the hydrogen of the KH-group is first replaced by 
ethyl, and the ethyl bromide added on to the ethylimidogen-group thus formed, the 
nitrogen then becoming quinquivalent : 

H 

C«H*— N— NH“ + 2C2H=Br = HBr + C«H=— N— NH^ 



c = OP, d = pec, m = ooP, 
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The correctness of this view is indeed demonstrated by the fact that phenyl* dietliyl- 
a£onium bromide is lihowise produced by heating phenyl-othyl-hydrazino, 
with ethyl bromide. It must therefore be inferred that the 
formation of a compound of the ammoninm-typej while it indicates the preseneo of a 
tertiary amine group, does not afford any criterion as to the iiumbor of hydrogem- 
atoms which may be present therein in combination with nitrog(' n, but that such a 
compound may contain imide- or amide-groups yet intact. 


Derivatives of Dhcnyl-hydracine containing Acid Dadiclcs* 

1. Phenyl-xiitrosoliydrasGine, — !N(NO) — NH”. Tho forinatio]i of this 

compound hy tho action of sodium nitrite on plionyl-hydrazino hydrochlorido has boon 
already noticed (p. 1049). The yellow-brown flocks first deposited may bo purified 
by washing with water, pressure between filter-paper, solution in warm ether, and 
precipitation with ligroin, which throws down the compound in yellow lamime, 

Phenyl-nitrosohydrazino, like other nitroso-hases, exhibits Liebori|:,ann’s. colour- 
reactions with phenol and sulphuric acid {^nd Buiypl. 901) ; the Hue colour with potash 
does not however appear immediately, hut only after agitation with air, because the 
colouring matter, at the moment of its formation, is reduced by tho hydrazine-group — 
just as liiebermann observed that it was reduced hy zinc-dust — and the colour does 
not appear till oxidation has taken place by tho action of the air. Similar reactions 
are exhibited by most nitroso-dorivatives of the hydra-zine-hascs. 

Phonyl-nitroso-hydrazino may^be exposed to tho air withoxit altoration for soveraJ 
days, especially in the state of fine powder and in thin layers; but whoa kept, in closed 
vessels, it docomposos very quickly, at summor t.emporaturo oven in a icsw hours, and 
is convoi'tod into a dark brown strong-smelling liquid, its vapour is vm-y poisonous, 
acting like that of amyl nitrite, bxit much more strongly, the inhal'ition oven ot a 
small quantity producing determination of blood to tln^ liead and violent Jieadav.liu. 

Phonyl-nitroso-hydrazino treated with zinc and sulphuric acitl, or with zinc-dust 
and acetic acid, yields considerable quantities of aniline. This reduction, tlillering 
as it does from that observed hy Paeyor a. Caro (p. 205) in tho cas(} of dinicthyl- 
nitrosaniline, in which the NO-group is contained within tlie benzeiu^-nuclmis, shews 
that ill phenyl-nitroso-hydraziiio, the NO is situated in the hydrazine grouj) N“n^ 
and as moreover Heiuiz has shown (Lwh/g's Amialen, cxxxviii. 310) tiiat in the 
ordinary amine-hasos, the formation of a nitrosamine takes ])lace only when imido- 
groups are present, it may be inferred as highly probable that tho same is tho cusi? 
with hydrazines, and that consequently in tho compound under consideration Uu' NO 
is situated in the NH-gruup, so that its constitutional formula is C“Ib’.N(NC).Nrr“. 
This conclusion is strongly corroborated by the la,ct that the secondary aromatic 
hydrazines, to ho described further on, in which the hydrogen of tho N fl-group is 
replaced hy an alcohol-radicle, are decomposed hy nitrous acid in a totally different 
way. 

Phenyl-nitroso-hydrazine, gently heated with a dilute alkali, is comphitcly resolved 
into water and diazobenzenimide, : 

C«H^N(NO).NH2 = IPO + N 


2. Plienyl-hydrazides. Two of tho hydrogen-atoms in phenyl -hydrazine am 
easily replaced by acid organic radicles; for the third tho substitution has not yet 
been effected. The resulting compounds exhibit, in general, the characters of onlinary 
amides. The first acid radicle which enters appears always to take the ])Iaco of a 
liydrogen-atom in tho NH*-group of the hydrazine, as is proved by tho direct con- 
version of some of the resulting compounds into azo- and diazo- compounds ; the 
position of the second is as yet undecided. 

Monolensoyl-^kenyl-hy dr azide, C°H®.NH.NH(COO®H^), is formed hy 
gradually adding benzoyl chloride (1 mol.) to a solution of phenyl-hydrazine (2 mob) 
ill 6 pts. of ether. Tho crystals which separate are freed from phenyl-hydrazine- 
hydrochloride hy treatment with hot water, and then rocrystallisod from alcohol 
The compound dissolves sparingly in hot water and in other, freely in hot alcohol 
acetone, and chloroform, and crystallises from all those solutions in slender white 
prisms. It melts at 168°, and decomposes at higher temporaturos ; dissolves without, 
alteration in potash-ley, hut is decomposed by hydrochloric acid at 100° into phenyl - 
hydrazine and benzoic acid. On adding mercuric oxide to its solution in chloroform, 
the oxide is reduced and the liquid acquires a dark red colour, from formation of 
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benzoyl-diazobenzene, — NzrN — COC®E®. This latter compound is a dark 

red oil which dissolves easily in alcohol, ether, and chloroform ; detonates slightly 
when heated ; is completely decomposed hy boiling with water or with acids ; is not 
further oxidised by Fehling’s solution ; and is reconverted by zinc and acetic acid into 
benzoyl -phenyl-hydrazide. 

Bihenzoyl-pJienyUhydTazide, C®HMT'H(CO.C^H®p, may be obtained by the 
action of benzoyl chloride on monobenzoyl-phenyl-hydrazide, but is more easily prepared 
by that of benzoyl chloride on potassium phenyl-hydrazine-sulphonate ; 

+ H^o + 2(C«H«.C0C1) = C«H^N2jj.(CO.C«H0' + KHSO'‘ + 2HC1. 

It is very slightly soluble in water, moderately in hot alcohol ; by dilute alkalis at 
the boiling heat, it is taken up slowly but in considerable quantity, and separated 
unaltered by acids. In alcoholic solution it immediately reduces ammoniacal silver 
nitrate. Heated in a sealed tube with fuming hydrochloric acid, it is completely 
resolved into phenyl-hydrazine and benzoic acid. It melts at 177°-178°, and decom- 
poses at a higher temperature, yielding a distillate containing benzoic acid, benzoic 
aldehyde, and'^benzanilide, and a resinous residue which ultimately carbonises. 

Aoetyl-pheny l-hydrazidej C®H®.N^H^OO.CH®, is produced, with great rise of 
temperature, on mixing acetic anhydride (1 mol.) with phenyl-hydrazine (2 mol.), the 
liquid turning brown and solidifying slowly to a slightly coloured crystalline mass. 
This is dissolved in hot water, and the solution is filtered from a small quantity of 
resinous products and left to cool, whereupon it deposits the acetyl-pheuyl-hydrazide 
in nearly colourless laminae, which may be purified by crystallisation from dilute 
alcohol. ^ The compound may also be prepared by boiling phenyl-hydrazine for several 
hours with three times its weight of glacial acetic acid, the excess of the latter being 
removed by distillation at 160" and the residue purified as above. 

Acetyl-phonyl-hydrazide is slightly soluble in cold water and ether, easily in hot 
water, alcohol, chloroform, and benzene, and crystallises from most of these solutions 
in six-sided prisms often shortened to thin plates, and having a bright silky lustre. 
It melts at 128*5°, and distils at a higher temperature, for the most part without 
decomposition ; is resolved by boiling with strong acids into acetic acid and phenyl- 
hydrazine. Its aqueous solution instantly reduces Fehling’s solution when gently 
heated therewith. Dissolved in dilute sulphuric acid and treated with sodium nitrite, 
it yields an unstable nitroso-derivative. By prolonged boiling with acetic anhydride, 
it is converted into a syrupy mass, probably containing a diacetyl-derivative. Acetyl- 
phonyl-hydrazide, oxidised in chloroform-solution by mercuric oxide, is decomposed 
like the benzoyl-compound, yielding a dark red oil, probably consisting of acetyl- 
diazobenzene, 

0 xalyl-diylienyl-hydrazide^ ( C®H®.H“H2)2C"0^. — This compound, analogous 
in composition to oxamide, is produced in a similar manner by heating a mixture of 
1 mol. ethyl oxalate and 2 mol. phenyl-hydrazine to 110°, alcohol being given oif ^?ith 
ebullition, and the solution solidifying to a faintly yellow laminar crystalline mass. 
It begins to soften at 260°, and melts completely at 277*^-278° ; at a higher tempera- 
ture it distils for the most part unaltered, and the distillate on cooling immediately 
solidifies in the crystalline form. It is but slightly sohible in most solvents ; is dissolved 
by strong sulphuric acid in the cold with red- violet colour, and without further altera- 
tion, and is completely decomposed on boiling. 


Derivatives of Dhenyhliydrazine containing Aldehyde^radicles, 

Phenyl-hydrazine and the aldehydes unite, with elimination of water, to form in 
nearly all eases well crystallised, indifferent bodies, containing the residues of 1 mol. 
of each reagent : in this respect they differ from the otherwise similar derivatives of 
the ordinary amine bases. Some of the compounds thus formed are very stable, 
while others are completely decomposed by boiling with water, or by prolonged ex- 
posure to the air. By heating with fuming hydrochloric acid, they are all completely 
resolved into phony 1-liydrazino and the corresponding aldehyde. 

Denzylidene-^henyl-liydrazide, = C®H® — NH — N=xCH — 

On mixing phonyl-hydraziue with bitter almond oil, a violent reaction takes place, the 
mixture becoming turbid from separation of water, and solidii^ng on cooling to a 
slightly coloured crystalline mass. In preparing large quantities it is advisable to 
moderate the violence of the reaction by adding about 2 vols. of alcohol, and to mix 
the base and the aldehyde in equal numbers of molecules. The crystalline mass 
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-vrliioii separates is filtered off and purified by recrystallisation from absolute alcobol. 
The reaction takes place according to the equation : 

+ o«H^coH = IPO + c«h^N“H.ch(c«eo. 

Benzylidene-plienyl-liydrazido is quite colourless when pure, but quickly becomes 
rose-red when exposed to the air. It melts at 152-5'^ ; distils witliont decomposition ; 

dissolves easily in hot alcohol, acetone, and benzono, sparingly in 
other. By slow evaporation of a dilute alcoholic solution, it may 
be obtained in woll-dofinod elongated prismatic crystals (fig. 6) of 
roso-red colour. Tlioy belong to tho mcmocliuic syst>ciu. Axes 
a: b : 6‘ =5 0-853 : l : 0-G70. Anglo 10' SO". Observed 

combination 8P . ooB2 . OP • —Pco. Anglo coP : OP^-SS'^ 14'; 
CO P : 00 P2 = 47° 30', Plane of tho optic axos coincident with 
tho plane of symmetry. 

Banzylidono-phonyl-hydrazide does not reduce Pehling’s solu- 
tion, even with the aid of heat. By prolonged boiling with fuming 
hydrochloric acid, or better, with sulphuric acid of 30 per cent., 
it is slowly resolved into phenyl-hydrazine and benzat^leliyde. 

'Ethylidene^'phenyl-liy dir azide, is 

obtained by adding to an ethereal solution of phenyl-hydrazine 
jn^coP; WZSCOP2; rather more than an equivalent quantity of recently distilled 
c=0P ; cz=— Pco. ^ acetaldehyde, till tlio mixture no longer reduces Pehling’s solution, 
When the oily residue left on evaporation of the other is stirred up with cold water, 
it gradually solidifies to a crystalliuo mass, which may ho freed from colouring niiitters 
and obtained pure by repeated crystallisation from ligroin. This compound dissolves 
easily in ether and in alcohol, deliquesces slowly^ in the air to a red- brown lujuid, and 
is resolved by boiling with water or dilute acids into aldehyde and phenyl-hyilraziiu', 
A product ossontially dilforont from tho ahovts is obtfiincd wlum the luixturts of 
phonyl-hydriizino and aldehyde is directly heated with strong liydroehlorie acid. The 
solution then bocomos dark green, and, on addition of watm’ or potash-ley, deposits a 
granulo-crystallino mass of complex composition. It exhibits weak biisic proptn-tii^s, 
and dissolves in strong acids, but is sopai-ated therefrom ovtm by Avator. It a.pp(^!U*s 
to bo a hydi-azino-doriAmtivo produced by further ahlohyd(3-cc)udoiisation, ])rubably 
analogous to tho bases which H. Schilf obtained in a similar manmu’ from auiiiue. 

^henyl’fiirjur azide, C®II'*.NflI.0'‘lI‘0. — When phunylliydruzinu and furfural 
are mixed in molecular proportions, the liquid bcconius very hut, a,nd slowly solid ifi(‘H 
on cooling to a yellow crystalline mass, which may bo purified by lAjpcjatod soUu ion In 
Gthor, drying Avith calcium chloride, and procipitatiou Avith ligroin. It thou cryslat- 
Hses in faintly yellow lamium ; molts at 9G°; decomposes at a higher tomperaturo; 
dissolves easily in alcohol and other, very sparingly in ligroin; and is resolviul by 
boiling with hydrochloric acid into phenyl-hydrazine and fiirfurul. Its formation is 
represented hy the equation ; 

+ C«H‘0- = H^O + C«H'M:s[2H.C^H^b, 



Pheny l-carbazides. 

Carbazides are compounds derived from carbamidos or ureas by substitution of 
one or two hydrazine groups, N-IP, for NlP-groups. Those in Avhich both t he NIP- 
replaced are called simply carbazides ; those in AvhIch only one 
Nid-group is replaced are called somi-carbazides, thus : 


Phenyl-carliamide 

Bhenyl-semiearbazide .... NH- no N 2 TT-/n«TT;iA 

Phenyl-earbazide 

Biphenyi-carbazide (0«H^)N2H-.C0.K"II3(0 «H;s) 


There are also carbazic acids related in like manner to the carbamic acids 
^.g.phjUaTh^via^^, C«H™.C0.0H; and thiocarbazides, tbioo“Lic 
of oxygm'" “ eonshtution to tho prooeding, but containing snlphnr in plaoo 

Caibazidos are formed from hydrazines by reactions precisely analogous to those 
by 'which oarbamides or rn-eas are formed from amines; but they diffor^eonsidoinliiv 
from carbamidos m many of their reactions, the presence of 4e hydraX 

acid r*’' conspicuous in tho uetbn nS 

acid, and in the decomposition of tho thiocarbazates by alkalis, 
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_ Plienyl.>etliyl>-semicarbazlde, N2H“(C®H®).CO.NH(C^B[®), is formed "by direct 
union of phenyl-hydrazine and ethyl-carbimide : 

N2H3(C«Hs) + CON(C-H5) N2H2(CsHs).CO.NH(C2H:“). 

It dissolves in hot alcohol, and separates therefrora in well-formed monoclinic tabular 
crystals, exhibiting the combination ooP . OP . +P . pco (fig. 7). Axes a : h I c = 
0-8268 : 1 : 1-1457. Angle uc = 61° O'. Plane of 
the optic axes parallel to the plane of symmetry. 

First median line in the acute angle ac. It melts 
at 151°. Heated to 100° with strong hydro- 
chloric acid, it is resolved into ethylamine, phe- 
nyl-hydrazine and carbon dioxide : 

(C«H5)N2H2.C0.NH(02H") -}- H^O = 

+ C2H^NH2 + CO-. 

Nitrous acid converts it into a nitroso-derivative, 

C«H^N2H(NO).CO.NH(C2H0, which crystallises 
in slender yellow needles, melts at 86-5°, and is 
decomposed by boiling with alkalis into ethylamine, 
diazobenzenimide and carbon dioxide, according to the equation : 

CSH=.N2H(NO).CO.NH(02H«) = NH2(C2Hs) -h C^H^N^ + CO^. 

Phenyl«semicarbazide, N“H-(C®H^).GO.NH^ obtained by the action of potas- 
sium. cyanate on a normal salt of phenyl- hydrazine, crystallises in colourless plates 
melting at 170°. It is analogous to the preceding compound in all its reactions. 

Phenyl-hydrazine Phenyl-carbazate, 

(C«H^N2H3)2C02 = C^Hs.N^H^.CO.O.N^HXC^H^), 

Phenyl-hydrazine absorbs chy carbon dioxide very readily, and solidifies to a white 
crystalline mass having this composition. The same compound is more easily pre- 
pared by saturating a cooled emulsion of 1 pt. phenyl-hydrazine and 1 0 pts. water 
with carbon dioxide, and may be obtained by rapid filtration, pressure betw’een filter- 
paper, and washing with ether, as a white crystalline mass, soft to the touch, and 
having a rather strong odour recalling that of phenyl-hydrazine. It dissolves sparingly 
in water and in ether, easily in alcohol, from which, however, it cannot again be 
separated. Acids and hot water decompose it readily. On exposure to the air, it 
gives off carbon dioxide, and deliquesces to an oily red-brow n mass. It volatilises 
easily in a stream of carbon dioxido, and immediately reduces Fehling’s solution. 

Phenyl-hydrazine Phenyl-thiooarbazate, 

= C«H\N2H2.CS.S.N2H'‘(C«H^), 

is formed in like manner by direct addition of CS- to phenyl-hydrazine, the combina- 
tion taking place at ordinary temperatures and being attended with considerable 
e, volution of heat, on which account it is necessary to mix the base with 4 vol. ether 
before adding the carbon disulphide, otherwise decomposition will ensue. The liquid 
boils up violently, and the salt immediately separates in the solid form ; it may be 
obtained pure by filtering and washing with ether. It is sparingly soluble in ether, 
carbon sulphide, chloroform, and ligroin, easily in warm acetone, and crystallises from 
other by spontaneous evaporation in six-sided tablets or prisms. The freshly pre- 
pared substance, when quickly heated in a capillary tube, melts between 96° and 97°, 
with slight evolution of gas, to a slightly yellow liquid ; by slower heating, on the 
other hand, it is completely decomposed, without fusion, at a much lower temperature. 

The position of the sulphur-group in the constitutional formula above assigned to 
this salt is analogous to that which it occupies in the thiocarbamates, and is further 
justified by the resolution of the compound, under the influence of acids, into phenyl- 
hydrazino and phenyl-thiocarbazic acid : 

= C^mN^H^.CS.SH -h C^H^N^H*. 

Pbenyl-tbiocarbazic acid, C’H®N-S-, is precipitated, on adding dilute sulph- 
uric acid to a solution of the phenyl-hydrazine salt in dilute aqueous potash, in thin 
shining iaminse, which have at first a greenish colour, arising from admixture with a 
dark colouring matter, but may bo purified and rendered quite white by filtration, 
pressure, stirring up with the smallest possible quantity of absolute alcohol, and 
repeated filtration. 

This compound possesses marked acid properties, dissolving easily and without 


Fig. 7. 
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decomposition in alkalis, but no definite salts have yet been obtained from it. It dis- 
solves readily in ether, acetone, glacial acetic acid and alcohol, but decomposes in 
tfaese solutions with extraordinary facility into tho phenyi-liydrazino salt and free 
carbon disulphide. The same decomposition takes place, though much more slowly, 
in the dry state at ordinary temperatures, quickly at a modorato heat, but the 
phenyl-hydrazine salt is then further resolved into XL'nS and diphonyl-tliiocarbazido ; 

2(C«HM:T2mCS.Sn) - CS‘*= + C‘dP.N-lT-.OS,S.N'^Il'(0«IP) 
and C«H^N2mOS.S.Nm(C«IP) = K-S + (0«IP.N“1P)'CH, 

Bipixenyl-thiocarbazide, To prcpiirc tliis compound, tho 

crude salt obtained by combination of phonyHiydrazino nud carbon diHulphido 
(p. 1055) is freed from ether by j)rossuro aiid drying in contact with tho air, then 
finely pulverised and heated to 110°-U0° in an oil-bn,tli, in layers of mod(irato thick- 
ness, whereupon it fuses, swells up, and gives oif largo quantities of hydrogen 
sulphide. The gaseous products of the decomposition are removed by a stream of 
carbon dioxide, the action of the heat being assisted by occasional stirring of the pasty 
mass, and the operation is interrupted as soon as tho odour of hydrog^ sulphide is 
replaced hy that of ammonia. The greenish melt thus obtained solidifies on cooling 
to a crystalline mass; and on pulverising this mass, exhausting it with absolute 
alcohol, which dissolves the greater part of the secondary products, and recrystallising 
the residue from hot alcohol — prolonged boiliug being avoided as much as possible— 
the thiocarhazide is obtained in hard colourless triangular prisms. 

Diphenyl-thiocarbazide dissolves sparingly in alcohol, a-cotone, chloroform, benzene, 
and glacial acetic acid, sparingly at ordinary, more readily at higher bomperatiiros ; 
aniline also dissolves it with tho aid of heat, forming a solution of deep green colour 
in thin layers, dark rod in tUiekor layers. Tho solution in glacial acu^tic acid also 
becomes green to dark rod on boiling, and Mn^ same coloration is produC(jd, though 
slowly, in tho solutions of tlio thiocarbazido in hot alcohol, boiizeno, and chloroform — ■ 
further, though in a lessor degree, by tbe action of heat on thi5 dry substaiu'.o. irho 
rod colouring matter is, howovor, most easily produced by the agency of dilute aqinious 
or alcoholic potash, which dissolves the thiocarbazido readily at a gentle lieat, foriniug- 
a dark red solution which, on acidiilatioii, deposits tho colouring maiiau' in bliu'-bliu-k 
docks. On .separating those by filtration, dissolving them in warm chloroform, and 
precipitating with alcohol, the colouring matter is obtained in blue-black slender 
microscopic needles. 

The analysis of this red colouring mattor loads t,o the formula accord- 

ing to which it contains 2 atoms of hydrogen h'.ss than fliphcnyl-t]du(wrbazide ; but 
as tho analytical difforoncos between the two bodies are but small, and the nnodo of 
formation of tho red substance, in which the conditions of oxidiitiou can S(*arcoIy bo 
said to bo present, gives no account of tho removal of those two hydrogon-atoms/it is 
more probable that the red substaneo is an isonuu'ido of di phony l-thiocarbnzido, pro- 
duced therefrom by atomic transposition. It. is to some extent analogous to Baeym’’s 
phenol-colouring matters, and to tlie nitrogenous colouring niatt.ors which Liiibormann 
obtained by tho action of nitrous acid on phenol and its homologues (2?n/ Suppl, 001). 

The solution of tho rod colouring matter in chloroform is spUmdidly dichroic, the 
dark red of tho thicker strata passing, on dihdhm, into a bright green of groat 
intensity. The same solution when treated with bromine, yields substitution-products, 
characterised by tho brilliant metallic roflcctiou of the solid substance. 

Tho alkaline solution of tho rod substance is quickly reduced by zinc-dust ; yield- 
ing a colourless liquid, which becomes violet-red on exposure to tlie air ; and on 
acidifying this red solution, a new colouring matter is precipitated in tho form of red 
crystalline fiocks. 

Biphenyl-thiosemtcarbazide, G°H'\N-IP.CS.NH.C‘^H^ is prepared by mix- 
ing tho alcoholic solutions of phenyl-hydraziuo and phouyl-thiocarbimide : 

+ CSN.G«H« = C«H>«.N=H“.GS.NH.C«H^ 

It immediately separates in the crystalline form, and may be obtained by one crystal- 
lisation from alcohol in colourless prisms. It is insoluble in water, slightly sohiblo 
in ether, carbon disulphide and ligroin, more readily in acetone, hot alcohol, and 
glacial acetic acid, and separates from most of those solvont.s in .stellate groups of 
slender prisms. It melts at 177^, and, like most salts and derivatives of phonyl- 
hydrazine, becomes strongly oloctrie by friction. It dissolves in dilute aqno(ms 
alkalis easily but without coloration, and is precipitated from the soUition by acitls 
in its original state. The stability of this body in alkaline solution shows ‘that it 
ditfers in constitution from diphenyl-thiocarbazide .and t hat botJi the iivdrazine- 
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groups of the latter concur in the formation of the colouring matter produced from 
it by the action of alkalis. By prolonged boiling with strong hydrochloric acrd, 
diphenyl-thiosemicarbazide is resolved, like thiocarbanilide, into its generators, 
phenyl-hydrazine and thiocarbimide. Its hot alcoholic solution immediately reduces 
mercuric oxide, acquiring a ^ dark red colour, and depositing on cooling, crystalline 
hocks of the same colour, the composition of which has not been ascertained. 

Paratolyl-liydraasine, 

[CH'*^ : = 1 : 4], is prepared from paratoluidine in the same manner as phenyl- 

hydrazine from aniline (p. 1048), and crystallises from the ethereal solution of the 
crude product, on cooling to a low temperature, in thin white laminge. It melts at 
61°, and boils, with slight decomposition, at 240®-244^ ; dissolves readily in alcohol, 
ether, and benzene, sparingly in water. Bibenzoyhtolyl-hydraziTie melts at 188° 
(Fischer, JBer. viii. 589 ; ix. 890). 


^ B. Secondaey Aromatic Hydrazines. 

The primary hydrazines being formed by substitution of an alcohol-radicle for one 
atom of hydrogen in the group ^ NH- — NH-, it is easy to see that the introduction of 
a second alcohol-radicle may give rise to two isomeric secondary derivatives, accord- 
ingly as the two alcohol-radicles are attached to the same or to different atoms of 
nitrogen. To the latter class belong the well-known hydrazo- compounds, 
E — HHmNH — E', e.g, hydrazobenzene (Eif 209, 271),* to the former the 

unsymmetrical bases — EH-, which we have now to consider. 

The two isomeric derivatives of each pair are in all probability formed simulta- 
nooasly by the action of alcoholic bromides on the primary hydrazines, but it has not 
yet been found possible to separate them. The unsymmetrical secondary bases are 
much more readily obtained, and indeed as sole products, by reduction of the nitros- 
amines of secondary amines, e.g. ethyl-phenyl-nitrosamine or nitrosethyl-aniline, 
C“IF''N(C"H'’‘’)NO, prepared by the action of nitrous acid on ethyl-aniline dissolved in 
dilute hydrochloric acid, or of potassium nitrite on ethyl-aniline hydrochloride 

(p. 206). 

Methyl^plienyl-hydrazine, (C°H^)(C^H®)llT — NH^. To prepare this base, 
SO grams of methyl-phenyl-nitrosamine dissolved in 120 grams of 50 per cent, acetic 
acid and the requisite quantity of alcohol, are added gradually and with agitation 
to 200 grams of cooled 90 per cent, alcohol in which 150 grams of zinc-dust are 
suspended, the temperature not being allowed to rise above 30°. The products 
of several such operations are united, filtered, and supersaturated with strong 
soda-ley ; and the resulting solution is either distilled with steam, or directly ex- 
haust ed with ether. The other-alcoholic extract is acidulated with sulphuric acid 
and evaporated -the acidulation being necessary to prevent the volatilisation of the 
base with tho alcohol-vapour ; — the aqueous residue is supersaturated with soda-ley ; 
the oil which then separates is dried with potassium carbonate and distilled ; and 
tho fraction which passes over between 190° and 240° is left to stand in shallow 
vessels over sulphuric acid to free it from ammonia. The residue thus obtained is 
a mixture of methyl-phenyl-hydrazine and methyl-aniline, which may be separated 
by converting them into sulphates and crystallising these salts from alcohol, in which 
tho hydrazine salt dissolves less easily than that of methyl-aniline. For this purpose 
tho crude base is mixed with the calculated quantity of sulphuric acid ; the mixture is 
cooled to 0° and diluted with an equal volume of ahsoliite alcohol ; the crystalline 
mn.ss which separates is filtered on a vacuum-filter, and tho residue, after washing 
witii alcohol, is freed as far as possible from mother-liquor by pressure between filter- 
paper. whereupon the greater part of the methyl-aniline salt passes into solution, 
still however mixed with a not inconsiderable quantity of methyl-phenyl-hydrazine. 
The mixture of bases obtained by supersaturating the mother-liquor with soda-ley, 
may bo utilised for the preparation of substitution-derivatives of methyl-phenyl - 
hydrazine, which are more easily separated from the methyl-aniline. The separated 
sulphate of methyl-phenyl-hydrazine may be completely purified by once recrystallising 
it from absolute alcohol, and drying the white crystalline mass at 100°. The aqueous 
solution of this purified salt supersaturated with a strong alkali, yields the base in 
the form of an oil, which may be dried with potassium carbonate and rectified. 

Mothyl-phenyl-hydrazino is an oily liquid, colourless when freshly prepared, hut 
soon becoming dark-brown by oxidation when exposed to the air. It remains liquid 
at -17° and boils at 222°-224° (bar. 715 mm.) which is 10° lower than the boiling 
ird Sity. 3 Z 
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point of phenyl-Bydrazine. In this respect it differs from the ordinary amine-bases— 
iirwhich me introduction of each suecessivo alcohol-radicle is attended with a rise 
in the boiling point — but resembles the substituted carbamidos. It dissolves sj yaringly 
in cold, more readily in hot water, and mixes in all proportions witli alethol, ether, 
chloroform, benzene, and carbon disulpbide. Towards oxi(b^in£r nnents it exhibits 
f^reator stability than phenyl-hydrazine. Its S2dphaie, forms 

diin white shining laminae. The other salts are very soiublo in water, and in alcohol, 
and difficult to obtain in the crystallised state. Mcihyl-phenyl-hydraziiie, like 
phenyMiydrazine, unites with 1 mol. bromide or iodide of otliyl to form well -crystal- 
lised azonium- compounds. 

Ey the action of nitrous acid on the salts of methyl-phenyl- hydrazine, the base 
is resolved into metliyl-phonyl-nitrosamino and nitrogen monoxide : 

(C«H5)(CH3)N2H2 + 2N02H - (C''IP)(CI-P)K“0 + N-O 2IPO. 

Mothyl-phonyl-hydrazine in excess, and diazoboiizeuo nitrate mixed up to an 
emulsion with water, act on one another rapidly at ordinary temperatures, producing 
methyl-aniline, diazoTbenzenimide and nitric acid : ^ 

(0W)(0H3)M2 + = (C®j(CH«)NH 1- + KO^H; 

and further the oxidising action of the nitric acid gives rise to the formation of 

Bimethyl-diphenyl-tetracsonej — N=:N — * This compound 

is likewise obtained, and more readily, by graclually adding small q^uantitios of mer- 
curic oxide to a solution of methyl -plionyl-hydrazino (best of the crude prodiU'X) in 
eight times its quantity of chloroform. The solution, which mnsl. bo well cooled, 
becomes dark brown, and the reaction is comploto wlion the liquid, after licitig left 
at rest, no longer gives off gas. The filtered solution is evaporated to a small bulk, 
mixed with alcohol, and the crystalline mass which separates is pressed and ro- 
crystallisod from alcohol, to which a lil.tle zinc-dust and a very small quantity of 
glacial acetic acid have been added to promr)tQ decoh)risa,tion. Py repeated (‘rystal- 
lisation from alcohol, tho totrazono is obtained in tliiii colourless biminm whii’il melt 
Avitli decomposition at 133°. It dissolves easily in carbon snlphicb^ sparingly in cold 
alcohol and other; is not altered by hot water, or by oxidising or reducing agents. 
Acids added to its alcoholic solution resolve the compound into nitrt)g('ii and milhyl- 
aniline, the liquid becoming deep blue. In chloroform solution it uniti'S with n)(Hn(\ 
forming tho compound C *‘‘l I* 41, which consists of black microscopic needles, is 
very slightly soluble in chloroform, and very unstable, detonating wben dry oven at 
tho ordinary tomporaturo of a room ; and decomposed by molecular silver itito silver 
iodide and tho totrazono. Tho iodine-compound is also readily decomposed by dilute 
alkalis. 


Derivatwos of MctJiyl-jdienyl-hydraamc. 

This base acts with hmzoyl chloride and henzaldehydc in the same way as phenyl- 
hydrazino (p. 1052), forming crystallisable compounds ; it is strongly attacked by acetic 
anhydride and ethyl isocyanate. It docs not unite with carhon dimlphide at ordinary 
temperatures ; but on applying heat, hydrogen snlphido is evolved and llm mixture 
solidifies to a crystalline mass. 

MethyUphe7iyl~&e7iiiGaThasidc, is formed on 

mixing a eonceiitratod solution of tho crude base containing a slight excess of hydro- 
chloric acid with an equivalent quantity of pure potassium cyanatc, and separates as 
a dark brown oil which gradually crystallises on cooling. It may bo purified by 
pressure between bibulous paper and solution in the smallest possible quantity of hot 
benzene, from which it partly crystallises on cooling, and tho rest may bo precipitated 
by ether. By repeating those operations, the compound is obtained as a dazzling 
white mass of slender crystals- It molls at 133°, dissolves readily in hot watni^ 
alcohol, and hot benzene, less readily in ether, ligroin, and cold water. With strong 
hydrochloric acid, it forms an unstable hydrochloride ; heated to 100° with hydro- 
eWoric acid, it is resolved into ammonia, carbon dioxide, andmethyl-phonyl-hydrazino. 
Teh ling’s solution does not act upon it ; vSilver nitrate only at tho boiling heat. With 
nitrous acid it yields a nitroso-dorivativo, (C‘’IP)(OfP)ISr.N(NO)C().Nirh which 
crystallises in thin laminae having a golden lustre ; molts at 77° ; is slightly soluble 
in water, and forms Liebermann’s colouring matters with phenol and sulphuric acid 
(%nd Suppl. 901). 
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Methyl-diphenyUthiosemicaThazide, (C«H5)(CH3)N.NH.CS.]ffl(C«H5), 
prepared from methyl-plienyl-hydrazine and phenyl-thioearbimide, melts at 154° and 
dissolves readily in hot alcohol, chloroform, and benzene. The boiling chloroform 
solution is desulphurised by yellow mercuric oxide. 

Biphenyl-'h.y drazine, = (C®H^)^N — NH^. This base, metameric 

with hydrazobenzene (l5zf Stippl. 209, 271), is formed by the action of zinc and glacial 
acetic acid on an alcoholic solution of diphenylnitrosamine (p. 209), the acetic acid being 
added by small portions and the vessel kept cool. When the action is complete, the liquid 
is filtered, concentrated to one-fourth of its bulk, then diluted with an equal volume 
of water, and mixed gradually with a large excess of fuming hydrochloric acid, the 
mixture being all the while kept cool and stirred. On cooling, the hydrochloride, 
which is but very slightly soluble in strong hydrochloric acid, separates out in blue 
needles contaminated with diphenylamine, which is produced simultaneously with the 
hydrazine base, but may be easily removed by reerystallising the crude product from 
hot very dilute hydrochloric acid, the greater part of the diphenylamine remaining as 
an oil. The hydrazine base may then be reprecipitated from the filtrate by strong 
hydrochloric''l,cid, and by repeating these operations several times, the hydrochloride is 
obtained quite free from dix>henylamine. It is still, however, slightly blue, but by 
recrystallisation from hot alcohol it may be obtained in slender colourless needles. 

Diphenyl-hydrazine, separated from the pure hydrochloride by caustic soda, is a 
faintly yellow oil which becomes viscid at —17°, but does not solidify. When 
heated it partly volatilises undecomposed, and is partly resolved into ammonia, 
diphenylamine, and non-volatile resinous products. It dissolves very easily in ether, 
alcohol, benzene, and chloroform, very sparingly in water. It is a mono-acid base, but 
its salts are much less stable than those of phenyl-hydrazine and methylphenyl- 
hydrazine, being partially decomposed even by water. The hydrochloride forms white 
needles very slightly soluble in cold water and in strong hydrochloric acid. The 
aqueous solution, saturated in the cold, becomes turbid on warming, from separation 
of the base, but clear again as it cools ; the solution in dilute hydrochloric acid is 
quite stable. The sulphate, [(C°H^)'N-H-]-SO'‘, is moderately soluble in hot dilute 
sulphuric acid, and separates on cooling in needles mostly having a blue tint ; like the 
hydrochloride, it is partially decomposed by pure water. The nitrate crystallises in 
slender needles sparingly soluble in cold, somewhat more freely in hot water. 

Diphenyl-hydrazine is distinguished from the isomeric body hydrazobenzene, 
by its behaviour to nitrous acid and to oxidising agents, and by 
its capability of forming substitution-products by the entry of alcohol- or acid-radicles 
into the nitrogen group — a substitution which, though theoretically possible 

in the case of hydrazobenzene, has not been actually effected. 

Action of Nitrous Acid, — Hydrazobenzene, as shown by Baeyer {Ber, ii. 683), 
when treated with nitrous acid, in an alcoholic solution cooled by ice, is converted 
into a nitroso-compound, probably — N(NO) — (NO)H — which is de- 

composed, partially at ordinary temperatures, and completely with slight detonation 
when gently heated, into nitrogen dioxide and azobenzene. 

Diphenyl-hydrazine, on the other hand, is decomposed by nitrous acid, similarly 
to methylphonyl-hydrazino, into diphenylnitrosamine and nitrogen mon- 
oxide : 

(0«HO“N“H2 4- 2NO-H = 

Oc:idatio7i.-i--llyd.TSiz6hejiz6ne, under the influence of oxidising agents, is easily and 
completely converted into azobenzene. The mode of oxidation of diphenyl-hydrazine 
varies — as in the case of the hydrazines previously described — according to the reagents 
used, the temperature, and the concentration of the solutions. By Fehlinfs solution, 
the base, on account of its sparing solubility in water, is but very slowly attacked, 
even with the aid of heat. By onercuric oxide, silver oxide, and ferric chloride, oxida- 
tion is rapidly effected even in the cold, and at higher temperatures the greater part 
of the base is resolved into nitrogen and diphenylamine, perhaps according to the 
equation 

2(C“H^)“N2H2 + 0 = 2(C«H")2NH + W + B?0. 

At the same time there is formed a greater or smaller quantity of a blue-violet 
nitrogenous colouring matter easily soluble in alcohol, the composition of which has 
not yet been dotormined. If, on the other hand, the oxidation takes place in the 
cold, and in very dilute solution, there is formed, together with products just men- 
tioned, a variable quantity of a compound, which, from its resemblance to 

dimethyl-phenyl-tetrazone (p. 1058), may be called tetraphenyl-tetrazone, and 
represented by the coustitxttional formula, (C‘'H®)2N— — N(C“H^)2. 

3 z 2 
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This compound is most readily prepared by agitating diphenyl-hydrazine with a 
very dilute solution of ferric chloride, as neiilral as possible and well cooled, whoro- 
npon the liquid assumes a blue- violet colour, and gradually solidifies to a crystalline 
mass, the reaction being complete when the product has become perfectly solid. This 
crude product is washed on a filter, first with water, then repeatedly witli alcohol, 
which removes diphenylamiue and colouring matior, leaving tlio tetrnzono as a slighfly 
coloured crystallino mass, which maybe furllier purified by rubbing it to powder, 
boiling it with small quantities of alcohol, and roerystallisiiig it sov(uul tinuis from 
pure warm carbon disulphide. 

Tetraifiienyl-tctrazono melts at 123° to a yellow liquid, with evolution of gas, and 
formation of diplionylamino and non-volatile products. It dissolves sparingly in ci.luvr, 
alcohol, chloroform, and ligrdiii, with moderate facility in warm ca,rbou disulpliido. 
When drenched with concentrated acids, it turns blue and slowly dissolves, decom- 
posing at the same time; on heating the liquid the blue colour changes to dingy groon. 

Benzoyldiplienyl-liydrazine, C'®H’WO=:(C‘*JP)"N'H.CO.C'‘H^ This com- 
pound is obtained by gradually adding 1 mol. benzoyl chloride to a solution of 2 mol. 
diphenyl-hydrazine in a ten-fold quantity of ether, washing the erystallii^ia mass which 
separates with slightly acidulated water to remove diphenyl-hydrazine hydrochloride, 
and crystallising the residue from hot acetone. The benzoyl-derivative then separates 
in white slender needles having a vitreous lustre. It dissolves easily in hot acetone 
and chloroform, less easily in alcohol and ether. It melts at 192®, and decomposes 
at a higher temperature. By concentrated acids it is slowly resolved into benzoic 
acid and diphonyl-hydrazino. 

BeuzyUdene-diptoenyl-liydrazine, = is formed 

on mixing diphonyl-hydrazino and bonzaldeliyde in molecular proportions, Tins sobi- 
tion immediately becomes turbid, from soparjiition of wjtter, aiul on cooling solidjfi<‘s 
to a crystalline mass of the benzyiideiie-conipound, which may be piirified by 
rociystallisation from hot abv)hol. 

Benzylidono-diphonyl-hydi'azine forms small crystals moslily having a faint y(dl()w 
colour, and no very cha.racteristic form. It is easily solnbbj in ether, chhuMlbrm, and 
benzene, slightly soluble in cold water. Its molting point is 122°, whichis rema-rkablo 
as being lower by 30° than that of ]»enzylideno-monojfiicnyl-hydraziiio (p. 3053). 

Btliyl-derivatives of Plionyl-hydrazino. It has already been obs(U’vod 
(p. 1051) that, by the action of otliyl-bromido on phenyl-hydrazine, llnu'o. is formetl, in 
addition to phenyl-diothylazoniuin bromide, 0"li‘^.N'Tr-(0“lI'’)((fTb'Br), a, mixtaire of 
volatile bases. Those cannot ])o separated from one another ])y fra,ei,i()na.l dist illation, 
but their separation may bo olfuctod by tahiiig advantage of tluj diHeront beliaviota* of 
the several substituted liydrazinos towards oxidising agents, espf'ciJilly mercuric oxide, 
the primary bases being tlioroby complot.oly docom])osed, with evolution of nitrogen, 
the iinsymniotrical secondary ha,ses converted into indiHeriuit tetrazone-compoimds 
(pp. 1058, 1050), and the symmetrical secondary bases (hydrazo-compounds) into azo- 
compounds, while the tertiary bases remain unaltered. 

The crystallised mixture of hydrobromides obtained l)y warming phenyl-hy<lrazinn 
and ethyl bromide in molecular proportions, is dissolved in water aiid mixed with 
alkali ; the oily bases thereby separated are dissolved out wit-h otluw ; and 1 ho residue left 
on evaporating the ether is mixed with strong hydrochloric acid to remove unaltcrtjd 
phonyl-liydrazino. The filtrate contains the whole of Iho volatile tdliyl-bases, wliicli, 
after addition of alkali, may again ho extracted with other, and at once l,reat(ul in this 
solution with an excess of yellow mercuric oxide. The dark brown Sfdutlon resulting 
from the oxidation is shaken up with dilute hydrochloric acid to remove basic products 
consisting of a tertiary hydrazine base not yet examined, together with small quantities 
of aniline and othylaniline ; and on evaporating off the ether from the remaining 
liquid, there remains a dark-coloured oily residue which, after a while, solidifies 
partially to a crystalline mass ; and this, when separated from the mother-liquor, ami 
repeatedly crystallised from hot alcohol, is obtained quite wliito, and has the com- 
position ofdiethyl-diphenyl-tetrazono, (C“H''^)“(O^H^)”N \ 

The non-crystallising oily product distilled with steam yields a light yellow oil 
smelling strongly like phenyl cyanide, and consisting chiefly of azophonylethyl, 
the nitro-dorivative of which was obtained by Moyer a. Ambiihl by 
the action of diazobenzene sulphate on sodium nitroothane (p. 137). 

Azophenyl-ethyl volatilises without decomposition, is not acted on by dilute acids, 
is dissolved without alteration by strong hydrochloric acid at ordinary temperatures, 
but completely decomposed when heated therewith. It unites with iodine dissolved in 
carbon sulphide, forming a dark-coloured, heavy uncrystal Usable oil. it is not altered 
by Fehling’s solution, even at the boiling heat, but when treated in alcoholic solution 
with zinc-dust and acetic acid, or zinc and hydrochloric acid, it is completely converted 
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into ethyl-phenyl-hydrazine, C“H5.]SrH — NH.C-H^ This base distils without 
decomposition; reduces Fehling’s solution at a gentle heat; forms easily soluhle 
salts ; and is reconverted by mercuric oxide into the azo-compound (W, Ehrhardt 
a. E. Fischer, Detit. Chem. Qes, J5er. xi. 613). 

C. Hydrazines of the Fatty Series. 

Etbyl-hyarazine, C-H^NH.NH- (E. Fischer, Deict. Chem. Ges. Ber. 
ix. 111). This compound is obtained from diethyl-nitrosoearbamide, 
(C“H^)NH — GO — N(C“H^_)^ — NO (see Garbamides, p. 390), by reducing that com- 
pound in alcoholic solution with zinc-dust and acetic acid to diethyl-hydrazine- 
carbamide, (C*H^)NH — CO — N(C-H^) — NH-, and heating the latter with strong 
hydrochloric acid, whereby it is resolved into carbon dioxide, ethylamine, and ethyl- 
hydrazine : 

= (C*H=)NH.NH^ 2HC1 -h HOI + 00*. 

The dAhydrochloride of ethyl’Tiydmzine crystallises in needles which give off part 
of their hydrochloric acid when warmed, leaving a syrupy salt, probably the 
monohydrochloride, closely resembling that of diethyl-hydrazine. The free base 
volatilises without decomposition, dissolves easily in water and in alcohol, smells 
strongly ammoniacal, and exhibits reactions exactly analogous to those of phenyl- 
hydrazine. 

The hydrazines of the fatty group containing two alcohol-radicles are produced 
by reduction of the corresponding nitrosamines with zinc-dust and acetic acid (E. 
Fischer, Bout. Ohcm, Gres. Ber. viii. 1587 ; xi. 2206). 

Bietbyl-liy drazine, CH^-N-“(C“H^)“N.NH“, is formed, together with 
ammonia and dicthylamine, by reduction of diethyl-nitrosainine {2nd Sii^pjpl. 861). 

(C-HS)-N.NO + 2H'-’ = (C-H^)=K.NH2 + H-0 
and (0®)2N.NO + SH^ = (C-H'’)-NH -h + H^O. 

The action begins at ordinary temperatures, and may easily be regulated by gradual 
addition of the zinc and acetic acid ; towards the end however it must be assisted by 
gently heating the liquid till the pungent odour of the nitrosamine is no longer 
perceptible. The liquid is then filtered, supersaturated with potash, and distilled ; 
the distillate containing the three bases is neutralised with hydrochloric acid and 
evaporated to a syrup, whereby the ammonia is almost completely removed in the 
form of a crystalline mass of sal-ammoniac, easily separated from the deliquescent 
hydrochlorides of the other two bases ; and the filtrate treated with solid potassium 
hydrate and calcined pearlash yields a light nearly colourless oil consisting of diethyl- 
amine and diethyl-hydrazine. 

These two bases are separated by means of ethyl iodide, with which the hydrazine 
unites directly to form triethylazpnium iodide, (C'^H^)“N-II2.C“HH, whilst the 
dicthylamine, if the process is carefully conducted, is converted, first into triethyl- 
amiuo, and only at a later stage into totrethyl-ammoniuin iodide. The formation of 
this last compound must however bo prevented as far as possible, since its subsequent 
separation from the tetrethyl-azonium compound does not appear to be possible. 
The best way of proceeding is to treat 1 0 grams of the mixed bases with the calculated 
quantity of ethyl iodide ; heat the mixture gently in a reflux apparatus ; cool the 
vessel externally as soon as the 'liquid becomes strongly heated by the reaction ; and 
then add water. The undecomposed ethyl iodide tliereby separated is dissolved out 
by ether ; the remaining aqueous solution, after addition of potash is freed from 
volatile bases by distillation ; and on mixing the residual liquid with strong potash- 
ley, the triethylazonium iodide is precipitated as a colourless oil which soon 
solidifies, and may be purified by crystallisation from hot alcohol. 

This compound, (C-H^)^NI— Nfr, crystallises in slender white needles, easily 
soluble in water and in hot alcohol, nearly insoluble in concentrated alkalis, and forms 
a sparingly soluble double salt with platinic chloride. By silver oxide and water it 
is easily converted into the corresponding hydroxide, which is soluble in water, has 
a strong alkaline reaction, and is decomposed by heat like the corresponding am- 
monium hydroxides, into water, ethylene, and diethyl-hydrazine : 

(C-H^)'‘N(OII).NH‘'* = H^O -I- -h (C‘H^)-N.NH2. 

To prepare diethyl-hydrazine in quantity by this process, the aqueous solution of the 
hydroxide is distilled in an oil-bath, the temperature being ultimately raised to 
140°-150°, whereby a distillate is obtained consisting of an aqueous solution of the 
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hydrazine, which is to he mixed with hydrochloric acid, concoutratud, and decomposed 
wath potash ; and the only base thereby separated repeatedly dried over solid potash 

and distilled. - i i -i 

Diethyl-hydrazine is a colourless mobile liquid havnig anammoniacal odour, easdy 
soluble in water, alcohol and other, sparingly soluble in coiiconti’aU'd alkalis. Its 
boiling point appears to lie between 74° mid 78^^ ; but this dot ernii nation must not 
be regarded as exact, since the base oxamiuod coiitaiiu'd a. small (juaul.ity (d* t.rmt hyl- 
amine, resulting from the decomposition of the tdretJiyl-animoiuiuu iodiile lormod 
as above mentioned, simultaiioousJy with iho azoniiiin tuunpoiiiid. 

The salts formed by diethyl-hydrazine with mineral acids are very soluble in water 
and in alcohol ; the hydrochloride deliquesces in moist air. 'Flie ‘pwraJ e is h'ss solubb^, 
and crystallises from a warm solution in slender yellow needles; its aqueous sohition 
decomposes at the boiling heat, with evolution of nitrogen. 

Oa-/£^rt?!ww.--Diothyl-hydrazino, like the aromatic hydrazines, is decomposed by 
Pehling’s solution, only with the aid of heat, being then resolved for the most part 
into diethylamine and nitrogen: 

2[(C2H^)2N.NH2] + 0 = 2(C“ff)‘NH + W + H^O. 

By more energetic oxidising agents, on the other hand, mercuric oxide for example, 
it is conyerted into tetrethyl-tetrazone, — NmN — 

analogous in constitution to the compound NrxN—Q.C-H''’, wdiich Zorn 

obtained by the action of ethyl-iodide on nitrosyl-silyer (see Nitroso-compounbs). 

To prepare totrothyl-tetrazoiio, a cold aqueous solution of diethyl-hydrazino (tbo 
crude product answers best) is gradually mixed with yellow mercuric oxide, till the 
latter is no longer rodiicod. Tlio liquid then becomes turbid from separation of an 
oil, which on agitation is for the most ]>n,rt taktui up by the porous imiss of merenry- 
cempounds. The aqueous solution is lilt ered olf, and tlu^ residue rtpeat.cully wa,shed 
on the iiltor with small quantities of alcohol, whiTuby lln^ tet,razom^ is dissolved, ami 
separates again in the watery filtrate : it is then separated ami dried over calcium 
chloride. 

Tetrethyl-toira,zono thus purified is an oily liquid Imving a faint ytdlow colour 
and peculiar alliaceous odour. It remains li({uid at -17°, and is iu)t vol.itile mum in 
a vacuum. Heated to 135°-140° in a capillary tube, il. decomposes shjwly, with 
evolution of gas; when a larger quantity is quickly a,nd strongly boa, ted, it dotunates 
slightly, and is rCvSolved into nitrogen, diethylamha', and a |iungerit .substance not 
yet examined. It has docitlod basic properlh's; being easily dissolved by dihit(‘ 
acids in the cold, and separated therefrom by alk.di.s iu its origiii.al slate. Jls 
plafinochloride, 2(C“IP)‘*NbktCl''', separates from a moderately diluit' aJcoholic solution 
in long gold-yellow noodles. It dissolves in cold wafer without. ultorjUiou, hut on 
boiling the solution, it is docompiosed, giving olf lialf its nit.rogen as gas, and yielding 
at the same time diethylamine and aUhbydo. h'he sa.me docom})osirion l.akiis pla.C(5 
when the totrazone itself is heated with mineral acids, the ro.sulting solution eon- 
tainiiig diethylamine, together with variable quantit.ies of aldehyde and a, pungent, 
substance not yet examined. The formation of (li('thyhim5ne and nitrogen is repre- 
sented by the equation : 

p II- = 2(CH1-0"NR + N"- 

Tetrethyl-tetrazone precipitates many of the salts of the hoa^qr metals, and unit(»s 
with mercmic chloride, forming a white, crystalline, slightly soluble mass ha.ving the 
composition (C^H‘''‘)'‘N‘‘.ngOr‘. It is easily oxidised hy i^ihwr salh'; on shaking uj) a. 
cold emulsion of the tetrazono with silver nitrates an evolution of gas takes ])laco 
almost immediately, accompanied by the formation of a silvoi' speculum. »Silv(n* 
oxide attacks it only when aided by heat. With iodine it forms an explosive Cf)m- 
pound, which separates, on agitating a solution of iodine iu potassium iodide wit h 
small quantities of the base, as a dark-coloured oil which detonates oven at a gentle 
heat. 

Action of Nitrous Add. — Diethyl-hydrazine is completely decomposed by nitrous 
acid at ordinary temperatures, the product consisting for the most part of nitrogrm 
monoxide and diethylamine, together with a small quantity of tetrethyl-tetrazone. 
The principal reaction is represented by the equation : 

+ mm = (cmjiim + wo + 

Bletlayl-carliaasidey (C“H''’’)^N.NH.CO.'N'H^ is formed by the action of potassium 
eyanate on the neutral salts of diethyl-hydrazine. It is easily soluble in water, but 
may be extracted by ether from a solution strongly supcrsiituratod with potash, and 
crystallises in large thin plates. With platinic chloride it forms a clouldo salt 
[(C2H^)“NH’I.CO.HH-pPtCD, which cry.stalliscs from alcohol in slender yellow need hss. 



HYDROCARBOI^TS. 1063 

Biethyl-carbazide is resolved by pplonged boiling with alkalis into carbon 
dioxide, ammonia, and tetrethyl-hy^azine. Nitrous acid converts it into an oily 
unstable nitroso-derivative. 

Simetliyl-liydrazinef (GH^)-N.NH“, formed by reducing dimethyl-nitro- 
samine with zinc-dust and acetic acid, is a light volatile liquid, having an ammoniacal 
odour, dissolving easily in water, alcohol, and ether, and reacting with Fehling’s 
solution in the same manner as the aromatic hydrazines, but less readily ; it is also 
more stable in presence of alkalis. Its haloid salts volatilise without decomposition. 
The liydrochloride crystallises from alcohol and is very hygroscopic. Its platino- 
chloride has the composition [(0H^)2N — NH^.HOlpPtCl^ (Fischer, Ber. ix. 111). 

KYBltAZOB&lfZBlSrB (BZCHZiOBO-). See Benzexe-deeivatives (p. 216). 

BYBBaZOBBSrZSZtrE-SVZiPHOlM'XC ACIB. See Sulphonic Acids. 

HYBBAZOBBirzoiC ACZB. See Benzoic Acid (Azoxv-) (p. 275). 

SX'3rBR<£lL.ZOXKrBOXiBa See Indole. 

KYBBA^OTOZiUBirB. See Toluene. 

HYBBXOBXC ACXB. See Iodine. 

HYBROBBlsrZAMXBB, C2iHi8N2=(C«H^CH)W (iii. 183). Borodin {Bet, 
vi. 713) regards the transformation of this compound into the isomeric body, amarine, 
as analogous to the conversion of tertiary amines into secondary and primary amines 
{2nd Sitpyl. 57). 

Lophine, (iii. 733) prepared by the dry distillation of hydrobenzamide, 

is very slowly attacked by alcoholic potash, with formation of ammonia and potassium 
benzoate. In presence of air, this act of decomposition is accompanied by an evolu- 
tion of light, which is clearly visible at + 10'^, and increases with the temperature 
until it attains its maximum intensity at 65°. The luminosity ceases if the air is 
expelled from the vessel containing the lophine, either by boiling the solution, or by 
a current of hydrogen. A solution of lophine in glacial acetic acid does not become 
luminous on oxidation with potassium permanganate. 

Hydrobenzamide gives with alcoholic potash a feeble evanescent light. Amarine 
similarly treated gives a slightly weaker light than lophine, forming at the same time 
ammonia and a crystalline base which melts at 201° (Badziszewski, Ber. x. 70). 

HYBBOBExrzoxxJ, C^ ‘H^-(OII)'‘^. See Diphenylene Alcohols (p. 679). 

KYBROBXXiXRXrBXET. The substance so named which Maly obtained by 
reduction of tribromobilirubin (p. 325), is regarded by Hoppe-Seyler as identical with 
the colouring matter produced by the action of reducing agents on hsematin (p. 921). 

HYBROBXXaXVBRBIB'. See BiLE-PiGMENTS (p. 325). 

HYBROBROMOCUMEIO'YI.iiCRYIilC iiCZB, C^^HisBrO^. See Cinnamic 
Acid, Homologtjes op (p. 502). 

KYBROCB.RBORrs. A new and general method of producing hydrocarbons 
has been discovered by Friedel a. Krafts (<7omy)i{. rend, Ixxxiv. 1392, 1450; Ixxxv. 
74 ; J. pr. Cliem. [2], xvi. 233). It consists in treating organic chlorides (bromides 
or iodides) either alone or mixed with hydrocarbons, with chloride of aluminium, 
zinc, or iron. When small quantities of anhydrous aluminium chloride are added 
to amyl chlotide^ hydrochloric acid gas is rapidly evolved, together with hydrocarbons 
not absorbed by bromine, and the liquid separates into two layers, one of which 
contains an extremely varied series of hydrocarbons, ranging from highly volatile 
bodies to products having a boiling point above that of mercury. The lower members 
belong to the paraffin series while the higher members are richer in carbon. 

When the above reaction is made to take place in presence of a hydrocarbon, the 
product is a combination of the radicle of the organic chloride with the hydrocarbon, 
loss the hydrogen replaced. Thus, on mixing amyl chloride with a considerable 
excess of benzene, adding aluminium chloride by small quantities at a time, and 
submitting the products to fractional distillation, a liquid is obtained boiling at 
185°-190°, and having the composition and properties of amyl-benzene, 

By using ethyl iodide instead of amyl chloride, ethyl-benzene is formed, together 
with many compounds of high boiling point. Similarly, by operating under suitable 
conditions wuth benzene and methyl chloride, toluene and other higher deriva- 
tives of benzene are obtained, viz. xylene, mesitylene, and dureue. Benzyl 
chloride and benzene yield diphenylraethane; triphenylmethane is obtained 
from benzene and chloroform; tetraphenylmethane from benzene and carbon 
tetrachloride. Similar reactions, though less definite, are obtained with organic 
bromides and iodides; thus ethyl iodide and benzene yield ethyl-benzene. 
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EvdrocaThms oUamcd by the Action of Water and Acide on tU CaMee of Iron 
and Loigancsc-Oloee {Comyt. taviii 1565) has, examined he 
obtained V t'lie action at a gentle heat of hydrochlone acid di inUd wiUi 2 v o s 
water on spiegeleisen containing 0-04 per cent, combined cai’bon, 0 06 MnO , ,i .small 
quantity of silicon, and traces of phosphorus and sulphur. The ovolvod gas was 
passed through two wash-bottlos filled with water, thou tJirougli 
containing lumps of pumice soaked in solution of cup]*ic sulphate, and hnally through 
a Woulfo’s bottle containing bromine under water. An oil then coUected in the wash- 
bottles, boiling between 118'=» and 124°, and liaring the eonqiosi tion ol oclykmo 
The bromine-liquid yielded by distillation, no ethylene bromide, but a liquid liaving 
approximately the composition of propylono hroinido, Odgyr-. I' lc rcsidno ot t io 
dibdillation heated with alcoholic potash, yielded bromUcplylonu, 0 11 ilr (b. ji. 160 ) 
and bromoctylcno, (b. p. 150°). *Soft pig iron did not yield any oily liydro- 

Fui’thcr experiments by Clooz (ihid. Ixxxvi. 1248) show that neither cold nor 
boiling water acts on spiegeleisen, but that when superheated steam is passed over 
the alloy heated to dull redness, hydrogen, carbon dioxide and traces of marsh-gas are 

produced. _ ^ , . . . ^ 

By the action of dilute sulphuric acid on a ferpnanganeso containing iron o6-5 
per cent., manganese 38*2 per cent., and combined carbon 5*0 per cent., large 
quantities of paraffins and olefines were^ evolved; pure -water, however, acts only at 
temperatures above 300°. An alloy, which gave by aiinlysis, Mii 85*4, ho 0*7? 1 2, 

combined carbon 3*7, graphitic carbon 4*0, was readily attacked l)y water, yielding 
hydrogon, together with gasooiLS jmd liquid hydrocai'bons. A .siiuilar alloy,^ contain- 
ing 8T5 per cent, manganese, when a,cted on by -water nt 106°, yit'ldod liquid hydro- 
carbons and a gas which contained hydrogon mixed wdth oleline.s, the pruducis being 
similar to those formed by the action of dilute acids on cast iron. 

From these experiments it follows that when wairm \vat,er is deeomposiHl by a 
carbide of manganese and iron, part of the liydrogeii .set free i.s uYolviul as .such, 
while the romaindor combiiios with the carbon to IoJ’JU hydrocarbun.s, the itu44d.s 
being oxidised to monoxides. 

See also F. H. Williams (Bcr. vi. 834). 


Hydrocarbons from Fatty .<46*iol.s'.--nydroca,rbon8 of the paraffin series are o()l,n,ined 
from the products of de.striictivo di.stillation of the fa, tty aviils, liy agnbiting the mule 
distillates with .strong* sulphuric acid, treating the oil wliich ri.s(|s lo the .sui*ra.ce with 
strong sulphuric acid, then drying and recti tying it. hi l.his way, paivdlims are 
obtained containing from 5 to 11 atoms of carbon ((Jalioiii'.s a. .Deiuart^'ay, Chnipl. rend, 
Ixxx. 1568). 


X>ocomposition of Hydrocarbons by Heat. Ibirbior Inis Ht.iulied the 
action of heat on hydrocarbons ])y heating tlioui to low red n ass (not above 560°) in 
exhausted comhu.stion-tubes protected by iron-plate. Tlie dceompo.sition thus eflectod 
he finds to ho more definite than that which takes place when the hydrocarbons arc 
passed through red-hot tubes. JJibmicyl thus treatiid is complct-cly resolved into 
stilbenc and toluene : 20‘'H*-‘=:C*‘‘Il*“-f' 20W. StUbene yields phonanthreiio and 
toluene: 3C^'‘H^® = 2C‘'*.IF“-l-2G’IP. The decomiiosition of tolafie i.s ]o.ss diffinitB, 
yielding a largo quantity of bulky ch.arcoal, improguat,ed with a hydrocarbon which 
melts below 100° and sraolls strongly of dijfiienyl, together -with a small qiia,ntity of 
benzene. Solid difolyl, (from hromotoluono and sodium), lieatod t.o 500° 

remains unaltered for many hours, but is ultimately deeomi)osed, with dopo.sit.ion of 
charcoal ; no anthracene or phonant.hrono i.s produced. J/ujuid ditofyl (I>. ]u 280°- 285°) 
heated to rodue.s.s for five minut es is completely resolved into anthraceno, toluene and 
hydrogon, 20‘'*H’‘‘ = 0*'^H^®'f 20’JI®; a small quantity of phenanthrono is produced a,t 
the same time, probably from an isomeric ditolyl. A mixture of cihylem and diphenyl" 
mpour passed through a red-hot porcelain tube yields, together with benzene, 
cinnamene and naphthalene, a mixture of phonanthrone and anthracene, in wliich the 
former predominates. The reaction therefore takes place partly according to the 
equation, + JBe7i::yl"toluc7ic is resolved by heat into 

anthracene and toluene : 20*®'* - 0*^2*** -h 20® -t- A small quantity of phonan- 
threne appears also to ho foi’med. In products which Bcrtholot obtained in hi.s 
investigation on the action of ethylene and of cinnamene on bouzono (1st Siqjpl 261), 
Barbiox has found both anthracene and phenanthrono. PhenyLrylcnc heated to r(‘(l< 
ness for three minutes yields anthracene, xylene (convertible by chromic acid into 
terephthalic acid) benzene and hydrogon : 


2C*'*H*‘* = C*'*H*« -i- C^H*" q- C'TB' + m. 


DiphenylmetJmie heated for five minutes yields anthracene, benzene, and a small 
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quantity of toluene, bufe no fluorene : + 2C®H® + and = 

A small quantity of phenanthrene appears also to be formed. Phenyl- 
toluene (obtained by the action of sodium on a mixture of bromobenzene and liquid 
bromotoluene) yields "when heated, benzene and toluene, but no solid hydrocarbons. 

ilction of Aqueous Vapour on Hydrocarbons at a Hed Heat. 

(Coquillion, Cornet, rend. Ixsxvi. 1197-1200). Dry methane and ethylene are 
decomposed into carbon and hydrogen by passing over a red-hot spiral of palladium 
wire, twice the volume of the original gas being formed. In presence of moisture, 
the carbon of the hydrocarbon unites with the oxygen of the aqueous vapour, forming 
carbon monoxide, and hydrogen is liberated; the gaseous products in this case 
occupy four times the volume of the original gas, e.g. CH*^ + H-O = CO + ZW. 

When a hydrocarbon mixed with a limited supply of oxygen is passed over red- 
hot palladium, hydrogen, carbon monoxide and dioxide, and water are formed. The 
amount of carbon monoxide increases and the dioxide diminishes as the supply of 
oxygen is decreased. 

By increasing the quantity of hydrocarbon the reaction may be made to take place 
in two stages-'^ 

1. 2CH‘^ + 302 ^ 00= -f CO + H2 + SH^O. 

2. CK‘^ + H^O == CO + 3H2. 

These results explain the action of aqueous vapour on hydrocarbons in the blast 
furnace. 

Oxidation. When hydrocarbons mixed with air are passed over red-hot platinum 
wire, they are oxidised to aldehydes and acids. A mixture of methane and air passed 
over a platinum spiral ignited by the voltaic current, yielded formic acid, but not 
formic aldehyde. Ethylene was oxidised to acetic acid ; toluene to benzaldehyde. 
Palladium acts in this manner still more energetically than platinum, becoming 
wrinkled and brittle and diminishing in weight (Coquillion, Comyt. rend. Ixxvii. 444). 

An aqueous solution of isoyentane (amyl hydride) containing 1 c.e. of the hydro- 
carbon to 2 litres of water, mixed with half its volume of a cliromic acid mixture 
composed of 500 pts. water, 5 pts. crystallised chromic anhydride, and 1 pt. potassium 
diehromate, and left to itself for six weeks at a temperature of 15° to 20°, was found 
to bo completely converted into valeric acid. Amylene^ on the other hand, treated in 
like manner, yielded, in addition to carbon dioxide, a mixture of valeric, butyric, 
propionic, acetic and formic acids (Berthelot, Comyt. rend. Ixxix. 1093). This result 
dilfors from those obtained by Chapman a. Thori^ (Is^ Suyyl. 118), who, by oxidising 
amyleno at 80°-00° with a mixture of 4-8 pts. potassium diehromate, 100 pts. water, 
and the requisite quantity of sulphuric acid, obtained only acetic and a small quantity 
of formic acid ; and by Triichot {loc. cit.) who obtained formic, acetic, propionic, and 
probably also butyric, but no valeric acid. Berthelot considers that the results 
obtained by these chemists are not to be explained by the formation of valeric acid 
in the first instance, and its subsequent oxidation to acids lower in the series, but 
rather on the supposition that the molecule of amylene presents several points of 
attack to the oxidising agent, so that sometimes a greater and sometimes a smaller 
number of oxidation-products may be formed simultaneously. 

Oxidation of the Haloid Derivatives of Dibromethylene is converted 

by agitation with dry oxygen into bromacetyl bromide : 

BrHC=:CHBr + 0 = OH^Br.COBr, 

tlie reaction being attended with a rise of temperature from 15° to 55°. Tribrotn- 
ethylene under the same circumstances also unites with 1 atom of oxygen, forming' 
dibromacetyl bromide : 

Br^C^CHBr + 0 = CHBr^COBr 

(Demole, Per. xi. 315). 

The compound CH^xxCHBr, CCPrxCCP and CBr^iziCBr®, treated with free 
oxygen in presence of platinum black, are not oxidised at all. Diehl or ethylene, 
C'-H^CP, which Begnanlt has shown to undergo polymerisation when exposed to the 
air {Ann. Chim. Phys. [2], Ixix. 157), is found to undergo a similar change, with 
evolution of acid vapours, when shaken up with free oxygen. 

The compound CHClxxCHBr, which Miiller obtained {Liehifs Annalen, Stcypl. 
iii. 287) by the action of potassium cyanide on C^ffClBr^, solidifies easily, forming 
a polymeric modification. This compound, when shaken up with oxygen,^ yields a 
large quantity of a fuming liquid boiling at 128°-132°, and a small quantity of an 
oily liquid boiling at 140°, besides some unaltered CHCl=CHBr. The liquid boiling 
at 128°--132° is a mixture of bromacetyl chloride and chloracetyl bromide, as shown 
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by its boiling point, and by its yielding with water, brom- and chloracetic acids, and 
with alcohol, ethyl brom- and chloracetates, together with hydrochloric and hydro- 
bromic acids. The oily liquid boiling at 140^^ is a polymeric modification of C'-^H-ClBr, 
which solidifies on exposure to the air, and carbonises when boated above 100®. 
Bromamylene, which contains the group CHJBr, remains unaltorod wlion treated 
with free oxygen. From these results the following conclusions may ho drawn ; 
1. If a bromo-, chloro-, or chlorobromo-dorirativo of otliyloiio nndorgoos jiolymorisation 
on exposure to the air, it is also capable of absorbing oxygon, and forming an acid 
compound. 2. If polymerisation docs not take place, oxidation cannot. 3. dlio 
final products, 0“C1‘* and C-Br‘, since they contain no hydrogen, can mfitJaer bo 
oxidised, nor can they form polymerides. 4. The brumo-derivutivos of hydrocarbons 
homologous with ethylene, do not appear to form polymerides, or to be oxidised by 
free oxygen (Demole a. Diirr, xi, 1302); see also Dcmolo 1307; Ohm. 
Soc. J, xxxiv. 849). 

On the Imperfect Comhmiion and the Inflammahiliti/ of Eydtocarbons^ see CnKMicAL 
Action (p. 435). 

On the Analysis of Volatile Vetfolenm Eydrocarhons hy Gomhustmi a stream of 
Oxygen^ see Giinsberg (Dingl. pol, J. ccxxviii. 454 ; Chem^ iSoc, Jottr. xxxiv. 916). 

iictlon of Iodine Trichloride. The action of this substance on hydrocarbons, 
whether of the fatty or of the aromatic group, results, for tho most part, in a splitting 
up of the molecules, and the formation of chlorinated derivatives containing smaller 
numbers of carbon-atoms. 

JPropanc{ovpvoipjl chloride, b. p. 46*5°) boated with iodine trichloride to 100®~200® 
in a sealed tube (which must bo frequently opened to allow tho escape of hydrochloric 
acid and then filled with chlorinc-gas) is converted into porchlorotliano, 
and porchloromethano, CClh Direct experiment showed that tho formation of 
tho two bodies is preceded by tho formation of porehloropropano, which, under 
tho action of chlorine, breaks up thus : 

C«C18 + CP = C-CP + CC1‘. 

Porehloropropano is also formed hy heating triehlorhydrin to 200® with iodine tri- 
chloride, as long as hydrogen chloride continues to bo ovolvc^d. 

Perehloropropane) heated per se to 300® in sealed tubes, is resolved into a mobile 
liquid which distils without residue between 75® and 122®, and may bo sepa- 
rated by fractional distillation into nearly pure perchlorometliams and perchlor- 
ethene: C^CP = COP + C"C1‘‘. The hitter when treated with iodine trichlorido yields 
perchlorethane. 

Isobutane, when heated to 210® with iodine trichloride in sealed tubes, is converted 
into an oily body, which is resolved by fractional distilbition into p er chloro - 
methane and perchloropropane, with a little perchlorethano. 

Vtmenc, treated with chlorine in presence of iodine, and afterwards heated to 200" 
with iodine trichloride in sealed tubes, is converted into pore hloromot bane and 
per chloro benzene: 

+ 15CP - C«Ol« + 3CCP + 12TIC1. 

Cymene, treated in tho same manner as cumene, yields p ere hi or oh on zone, per- 
chloromethane, and perchlorethano, the last product and half of the second 
being evidently formed hy the breaking up of tlio propyl-group in cymono. 

Perchlorobenzono is not affected by prolonged heating to 300® with iodine tri- 
chloride; neither are diphenylothano, anthracene, and phonanthreno broken up hy 
like treatment (Kraft a. Merz, Her. vhi. 1045, 1296). 

Aromatic hydrocarbons and their derivatives, subjected to exhaustive chlori/iatio 7 i 
with chlorine containing iodine, are for the most part converted into porchloro- 
benzene, C®OP, together with hydrochloric acid and various secondary products. 
Gr. Kuoff {Bcr. 1048, 1483) subjects the compound, either in the free state or in .solution, 
to a stream of chlorine, at first at the ordinary temperature, and with addition of a 
little iodine, then to the temperature of an oil bath sometimes as high as 200°, and 
finally heats it with excess of iodine trichloride in a sealed tube, the temperature 
being gradually raised from 100° to 350®, and tho tube, after several hours’ heating, 
opened from time to time in order to reconvert the liberated iodine into trichlorido, 
and the heating then continued at 350®, till no more gas escapes on opening the tube! 
The final product is freed from iodine chloride by treatment with soda-ley and careful 
washing, and then further purified. 

Biphenyl-meihme thus treated is converted into perchlorobenzene and perchloro- 
methane ; diphenyUtrichloretham into perchlorobenzene and perchlorethano. Ant hracene 
and phenanthrene yield C^Cl® and perchloromethano ; turpcnime-oil dissolved in 5 vol. 
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chloroform yields C®Ci®, perchloromethane, and perchlorethane. Diphenyl is converted 
into perchlorodiphenyl, which undergoes no further alteration. Asohenzene, 

aniline and difhenylamine yield C^’Cl®, probably with free nitrogen. Triydienylamine 
yields C®CP and perchlorotriphenylamine, (C^CPl^N, probably according to the equa- 
tions, (C«H->)«N+15C12 = (CsCP)3N-f-15HCl, and 2(C«CP)3N + 3CP - + 

'Phenol, eresol, thymol, and resorcin yield 0^01®, together with 00^, and respectively, 
CGI- and C" Cl® ; OGP; GOP and C-Gl®; COP. Anisdil yields C®CP, C0“ and CCP ; 
nhcneto'il yields C®GI®, 00^, and G-Gl®. Tetraehloroqninone (chloranil) yields CO", 
CCP, and C®C1®. Camphor is converted into CCP, C^Gl®, and G®G1®, probably together 
with CO". Pyrogallol, C®H®0®, is the only compound which, when subjected to ex- 
haustive chlorination, does not yield perchlorobenzene, but only perchlorethane and a 
small quantity of perchloromethane. 

As carriers of chlorine, antimony pentacMoride and molybdenum pentachloride 
are in many instances more effective than iodine trichloride. Eespecting the latter, 
see Aronheim (JBer, viii. 1400). 

On the Action of Metallic Chlorides on Aromatic Hydrocarbons at high temperaitires, 
see also Diphenyl (p. 658), Naphthalene and Toluene. 

Bromination. The bromination of aromatic hydrocarbons is effected by means 
of bromine containing iodine, in a manner similar to that described by Euoff for effect- 
ing the chlorination. Beoizene thus treated is converted into perbromobenzene ; toluene 
into the same compound together with perbromomethane ; naphthalene into C^^H'^Br® 
(E. Gessner, Ber. ix. 1565). 

Conversion of tlxe Hydrocarbons of tbe series C"H"" into the corre- 
sponding Alcohols. A general method of effecting this conversion by means of 
water or dilute acids is given by Dutlerow {Liebig's Annalcn, clxxx. 245). Beptylene 
from pentamethylethol (p>. 1026), heated in a sealed tube with water, a small 
quantity of nitric acid, and ethyl alcohol, is reconverted into pentamethylethoL 
Liquid isohutyle^ie, (GH®)-C=xCH" (p. 362), similarly treated, yields trimethylcarbinol. 
This last transformation may also be effected by heating the isobutylene with water 
and a few drops of sulphuric acid to 100°. By proceeding in this way, the greater 
part of the hydrocarbon is converted into trimethyl carbinol, whereas isobutylene 
heated to 100° with a mixture of equal parts of strong sulphuric acid and water is 
converted into di* isobutylene. Pseudohutylene, Cfr.OHnrGH.CH*, reacts with 
sulphuric acid in the same manner as isobutylene. 

Formation of Hydrocarbons of the Acetylene series from Aldehydes 
and Ketones. G. Bruylants {Ber. viii. 406) describes a general method of obtain- 
ing the hydrocarbons homologous with acetylene from the corresponding aldehydes 
and ketones, by converting these bodies into chlorides (containing the groups GHCl- 
and COP respectively) — by the action of phosphorus pentachloride — and dechlorinating 
those chlorides by means of potassium hydroxide. The aldehydes may also be treated 
with PBr®, and the products, which contain the group CHBr'-^, debrominated with 
potash. 

Ethylacetylciip, CH^CH-.C^CH, obtained by treating methyl-ethyl ketone 
with PGP and the product with alcoholic potash, is regarded by Bruylants as identical 
with crotonylene (b. p. 20°-24°), although the brominated derivatives of the two 
exhibit different properties (compare 2??^ Suppl. 401). Bthylacetylene dibromide, 
C‘H®Br", is liquid; the tetrabromide, C‘H®Br^ is a solid crystalline body soluble in 
alcohol, other, and carbon disulphide, subliming without previous fusion at 105°, and 
volatilising with vapour of water. 

Orthopropylacetylene, QH®.OH\CH".C=CH. from methylpropyl ketone, is a 
mobile, colourless, alliaceous liquid, boiling at 48°-49°. The silver compou7id, G®H"Ag, 
is a white, the coj^per compound, C®H^CutH“0, a yellow potyder ; both decompose 
readily in contact with the air. As intermediate products in the action of PGP on 
methyl-propyl ketone are obtained a pentylene chloride, G®ff°Cr" (b. p. 145°-147°), 
and a monochloropentyleno (b. p. 95°-97°) (see Pentylenes). 

Isopropylacetylene, (OH®)“CH.C=CH, prepared in this manner from valer- 
aldehyde, is a very mobile liquid having an alliaceous odour, a sp. gr. — 0’652 at 11°, 
and boiling at 37°. It forms a dibromide boiling, with decomposition, at 175°, and a 
tetrabromide. On the intermediate products obtained in the preparation of this com- 
pound, see Pentylenes. 

Heptine, CH^^.CH-.CH^.OH^.CH-.CxnCH (so-called cenanthylidene, p. 1021), is 
obtained by the action of PCP'or PBr® oncenanthaldebyde. 

HITBHOCAHOTIH, ‘ This substance, which Hnsemann obtained, 

together with carotin, from the root of the carrot (iii. 390), exists also, according to 
Brimmer (A. Bep. Pharm. xxiv. 641) in angelica root, being identical with the so- 
called angelicin (i. 293). 
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KYDR0CA:iK£>03j, A phenolic compound obtained, together with 

others, by the dry distillation of podocarpic acid {q.v.) or its calcium salt. 

KITBROCASTORZTX:. A new mineral, occurring as a mealy deposit on kernels 
of castor, and exhibiting under the microscop.e the appearance of an aggregate of 
slender needles. Hardness = 2. »yp. gr. - 2*16. Colour white. Doubly refractive 
in polarised light. Chemical composition : 

SiO= A1“0“ CaO n^O 

59*59 2D36 4*38 14*GG = 0f)-08. 

It is undoubtedly a product of the decomposition of castor, and is found, in company 
with black and rod tourmaline, beryl, castor, and pollux, in veins of granite at San 
Piero, Elba (Gr. Grattarola, Jahrb.f. Min. 1877, 411). 

0»'‘H'XNH2)20'‘. See CimYSAMMiC ACID (p. 4G2). 

H*?BR0CHX.0R02tirCXTRAC0irXC ACXB, G^H^CIO^ Soc CmiACONlC 
ACID (OSY-) (p. 516). 

BirBStOCXXff'OHO]|»‘XXirBS. See Cinchona-bases (p. 480). 

KYDBOCmKrAMlc ACID, C»H‘«0'=C“H*.Cff.CH=.COOHf The henzylic 
ether of this acid, C®H®0-.CH-(C®H'^), is obtained by adding sodium (12 pts.) iu thin 
slices to benzyl acetate (300 pts.), and heating the liquid till all the sodium has 
disappeared : 

2(OH3.COO.CH-.C«H'^) + Na = CHkCOOHa + H + C«H'bCH“.CH'bOOO(CH‘bC«H^). 
At 120° the action is rapid and attended with evolution of hydrogen. When it is 
completed, the mass is to bo thrown into water, whereupon the bunzylic ether sepa- 
rates as a light oil, which ma.y bo dissolved in ether a,nd purihctl by ructilication. It 
boils without decomposition at a temperature above 300"^, ami yid'ds hydrocinnamic 
acid by siiponitication (Conrad a,. Hodgkinson, Ikr. x. 254). 

HYBBOCXTBXC ACXB (so-called). See Cjtiiic acid (p. 509). 

KirBB0C<x:RVX.ZCS<3»'03»‘x:, On the substitution-derivatives of this 

compound, see 2‘ml Snppl. 377, and this Supplement, p. 549. 

KYBBOCOTAX^NZHB. Soc Harcotine. 

HYBBOC YATTIC ACIB. See Cyanidk of I Ci’DitoiiEN {[). (! 1 0). 

On the estimation of Hydrogen Cyanide in pliarmaceuticul i)russic acid by means 
of silver nitrate and ammonium tliiocyajialo, see Chem. iSoc. Jour, xxxiv. 749, 

HTBBOCYAXO'OIIOSOBXC ACXB. Soo HosANlJ.iNH. 

' HYBROBXAZOBBXfZOXC or HYBBAZXBBXlirZOXC ACXB, CHlWO“=« 
NH".NH.C‘H‘*.CO-H. See Benzoic acids, Diazu- (p. 275). 

HYBROBXAZOPHBDESTYXiBIiirB, C'"H*"N“, is a green base produced by the 
action of stannous chloride on hydro-a,zophonyl(!no hydrochloride, C'df^N-.tlUl, or 
by that of hydrogen sulphido on azophonylcne mercuronitrnte, 0'dDNd{g(Nb'‘)“ 
(p. 139). Its hydrochloride crystallises in green lami use (Claus a, llonsingor, 
viii. 600). ^ ’ 

HYBKOBXBROM- and HYBROBlCHIiOR-OXYXiEBXBBWE. Soo 

Lepidene. 

KYBROBXMETHYBCABrBXC ACXB, syli. with Melliylferulic acid. Soo 

VANILLIN-DERIVATIVES. 

HYBRO^BTHYB-CEBKXRBT, C“HD«0«. See I^^rogallic ETHMiS. 

KYBROFBR1IX.XC ACXB, 

IS formed by the action of reducing agents on ferulic acid (p. 785). It crystallises 
from aqueous solution in microscopic plates, melts at S9°-90°, and dissolves very easily 
in alcohol, ether, and hot water. It forms acid Salts in which only the hydrogen (if 
the group CO'-^H is replaced by a metal, and basic sails in which the hydroxylic 
hydi’ogen is likewise replaced. The hydroferulatos of the alkalis and alkaline earths 
are easily soluble in water. In a solution of hydroferulic acid neutralised with 
silver nitrate produces a white precipitate Avhich quickly blackens wluui 
heated ; lead acetate, a white precipitate ; cc^per sxJiJiate throws down from very 
strong solutions a bluish-white salt which dissolves in excess of ammonia, with blue 
colour. This last reaction distinguishes hydroferulic from ferulic acid, which givi'S 
with copper sulphate a dingy green precipitate, dissolving in ammonia vith green 
colour (Ticmann a. Nagai, Ikr. xi. 650). ^ 
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HYBaOPtrROWlO ACXB, C’H;^°0^ See Eueonic acid (p. 834). 

KYBBOGBXJ. Formation, Preparation, Purification, — Selmi {Ber, vii. 80) 
observes that hydrogen is evolved during the growth of fungi, and^ that arsenic, 
antimony and sulphur may be thereby converted into their respective hydrogen- 
compounds ; he likewise attributes to this cause the formation of hydrogen arsenide 
from carpets, &c., containing arsenical dyes. The hydrogen thus evolved also 
converts potassium nitrate, first into nitrite, then into ammonia, hiitrogen in 
contact with fungi, decaying wood, Icc., appears also to be converted into ammonia. 

According to E. Schobig {J, pr. Cliem, [2], xiv. 289) hydrogen may be freed from 
its compounds with phosphorus, arsenic, and antimony by passing it through a saturated 
neutral or acid solution of permanganate ; hydrogen sulphide, on the other hand, is 
not oxidised by permanganate, and must therefore be removed by subse(iuently 
passing the gas through potash- or soda-ley. Pure hydrogen is also graduaUy 
but completely oxidised by permanganate, the neutral solution acting more readily 
than an acid or alkaline solution. 

Por the preparation of hydrogen gas free from hydrogen sulphide by means of 
zinc and sulphuric acid, J. Lowe {Bingl. Pol. J. ccxi. 193) recommends the addition 
of cupric sulphate to the dilute acid, whereby the sulphur is removed within the 
generating vessel, in the form of copper sulphide, A portion of the copper is at the 
same time precipitated by the zinc in the metallic state, and partly redissolves, 
colouring the liquid blue. The addition of cupric sulphate likewise accelerates the 
evolution of the gas [by forming a copper-zinc couple]. 

According to Violette (Compt. rend, Ixxvii. 940) hydrogen gas prepared with zinc 
and dilute sulphuric acid, is not contaminated with hydrocarbons. 

A. E. Leeds {Amer. Chemist, vii. 183, 186) observes that pure hydrogen burns 
with a scarcely visible bluish flame ; but that hydrogen evolved by means of zinc 
and potash-solution, or dilute sulphuric acid, burns with a blue flame, due probably 
to the presence of zinc hydride, which is removed by washing the gas with water or 
dilute acids. 

H. G-iffard {Mo7iit. Sde^it [3], iii. 156) prepares hydrogen on the large scale by 
first reducing iron from its ores by ignition in a stream of carbon oxide, and then 
replacing the latter by a current of aqueous vapour. The evolution of hydrogen is 
‘accompanied by reproduction of iron oxide, which may again be reduced and used as 
before for the generation of hydrogen. 

On the preventiooi of Explosions in Hydrogen-generators, see Explosion (p. 768). 

Physical Properties. — The absolute weight of an atom of hydrogen has been 
calculated by J. Annaheim {Bcr. ix. 1151) from^ considerations founded on the limit 
of visibility of certain colouring matters in dilute solutions. If 0*0007 grm. of 
fuchsine (C'“H^^N'*HC1) be dissolved in alcohol and the solution diluted to 1 litre, 
each cubic centimeter of the liquid will contain 0*0000007 gram of colouring matter. 
Now one drop =s™o.c. of such a solution placed on a white surface exhibits a dis- 
tinct red coloration, whence it follows that 0*00000002 gram of fuchsine is^ still 
recognisable by the naked eye. Assuming now that such a drop must contain at 
least one molecule of the colouring matter, it follows that the atomic weight of an 
atom of hydrogen must be estimated at the extremely small magnitude of 
0*000000000059 gram, namely 0*00000002 -r 337 *5 (the molecular weight of fuchsine). 
Nearly the same result is obtained by experiments with cyanine (C’'^“H®^N‘T = 526). 
When 1 milligram of thic substance is dissolved in a litre of liquid, each drop still 
visibly coloured contains 0*0000000285 gram, whence the absolute weight of the 
hydrogen-atom is found to be 0*000000000054 gram. Hence it follows that the 
absolute weight of an atom of hydrogen cannot be- greater than 0*00000000005 gram. 

On the Molecular Itelations aiid Diffusion of Hydrogen ; also its Friction-coefficient, 
Compressihility, a^id Deviations from the Boyle-Mariotte Law; and its Liquefaction 
and Solidification, see Gases (pp. 847-857)* 

On the Delation between the two Specific Heats of Hydrogen, see Heat (p. 933).— 
On its Heat of Combustion (pp. 952, 962). 

On the Defraction and Dispersion of Light by Hydrogen, and on its Spectrum, see 

Light. 

Electric Polarisation by Hydrogen, see Electeicitt (p. 713). 

On Electrolysis, with ewhction of Hydrogen at both Poles (p. 711). 

Combination of Hydrogen with Chlorme. When hydrogen (dried by P^O^) is 
passed over porous charcoal saturated with chlorine, a considerable quantity of hydro- 
chloric acid is formed, cv'on in the dark. When 50 grams of charcoal were used in 
the experiment, the temperature fell to -20°. Water poured upon charcoal satiirated 
with chlorine, is decomposed, with formation of hydrochloric acid and carbon dioxide 
(Melsens, Compt, rend. Ixxvi. 92). 
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Beduction, of Silver Mtrate hy Hydrogen , — Bussell found that perfectly pure 
hydrogen reduces silver from the nitrate, most readily in concentrated solutions, and 
that if the solution be left for some time in contact with an atmosphere of hydrogen, 
crystals of silver nitrite are also formed {2nd Supgl. 660). According to P(dlet, on 
the other hand {Oompt. rend, Ixxviii. 1132), a neutral soluticni of silver nitrate is 
not reduced by pure hydrogen. A solution of fused silver nitrato, Iiowover, which 
is somewhat alkaline from the presence of freo silver oxide, is attacked at ordinary 
temperatures by pure hydrogen, which roduees the free silver oxide, ])id. on neidulating 
the solution with nitric acid, no precipitation takes pbuto either at ortHnai’y or at, higher 
tomporatiu’es. On the other hand Bussell’s results have boon confirmed by Bokut.off 
{Compt, rend. Ixxix. 1413), who finds that the quantity of silver precipitated hy 
hydrogen from a neutral solution of the nitrato is exactly proportional to that of the 
hydrogen absorbed; also by A. B. Leeds {Ber. ix. 1456), according t,o whosti observa- 
tions the quantity of silver thrown down is nearly proportional to tho tinio of action. 

Absorption of Hydrogen by Metals. 1. By Palladium. To demonstrate 
the absorption of hydrogen by palladium, J. L. Smith {A^ncr. CkemLd, v. 213) 
introduces a very thin strip of palladium foil, P5 cm. broad and ^‘c.m. long into 
different parts of a hydrogen fiame. In tho upper part, whore the combustion is 
complete, the foil retains its form unaltered ; but on bringing it into the middle, 
where the unbnrnt hydrogen impinges upon its lower surface, tho foil absorbs 
hydrogen on that surface only, and therefore curls itself up considerably. When 
again placed in the upper part of tho fiame, it resumes its original form. 

Some of the physical constants of hydrogen absorlmd by palhidinm have boon 
determined by J. Bowar (N. Arc/i. ph. nut. 1. 207). The sp(‘cific gravity was 
found, from tho moan of eight dotorminaiions, to he 0’62(). Tho spec i 6 c heat was 
greater when tho metal was lightly charged w'ith hydrogen than when it was si rongly 
charged: with palladium foil it varied hot ween JV 03 and 5*88; wit.h }>a!l!iditiiu in 
bars, between 3'70 and 5‘05. Tho oxpansion-coefilci out of palhulimn charged 
to tho maximum with hydrogen— for whicli Bcwjir gives tho formulii, PWP — was, 
abo\it 0*000058 between 0® and 50°, and 0-000060 boLvvcuii 0'' and 80°. 

Bemlopment of Heat in the Absorption of Hydrogen by IHcdunmi mid Pidladimn . — 
Tho mode of condensation of hydrogen hy platinum black differs from t,hc motlo of 
condensation by palladium. When the gas is brought in contact with platinum 
black in successive portions till complete saturation is idtaiiKul, tlie (plant, ity of 
heat evolved for equal weights of the absorbed gas is not constant, as is i,he east^ 
with palladium. Tho absorption by pcdladinm of 1 gram of active liydrogon obtained 
by electrolysis of dilute sulplinric acid gave : 

in the first oxponmont 8038 gram-degrees. 

„ sevontoonth experiment . . . , 9167 „ 

Tho condensation of 1 gram of ordinary gaseous hydrogen liy pliitimm gave 

in tho first experiment 23075 gram-dugroos. 

„ fourth „ 13528 ” „ 

In the latter case, then, tho dovolopmont of heat becomes gradualiy smaller (I'avr(\ 
Cowpt. rend. Ixxvii. 649). b’rom further experiments Uhid. Ixxviii. 1257-1265), 
FaA^ro concludes that the absorpti(jti of hydrogen by platinum is attended wit.b the 
dovelopment of 2000 hcat-unite fut- 1 gram o! hydrogen, and takes ])lacc without 
chemical altoi-ation, but that palladium in alisorbing hydrogen undergoes an allotropic 
modification and forms an explosive compound. 

J. Moutier {Gonipf. rend. Ixxix. 1242) has calculated the cpiaiitity of ho:it (referred 
to 1 kg. hydrogen) developed in the combination of hydrogen with metals, by means of 
the thermodynamical formula : 

L - 0-99432 — . 

p (/T 

in which p is the dissociation-tension of tho compound at the absolute temperature T, 
based upon tho values of the dissociation-tensions determined by Troost a. Baute- 
feuillo i^Coinpt. rend. Ixxviii. 968 ; Ann. CUm. Phys. [5], ii. 273). The heat of com- 
bination of hydrogen with palladium increases with the temperature botwoon 20° and 
170° ; for 20°, the calculated value of L is 4147; Favro’s measurements gave 4154. 
The calculated value of tho heat of combination of hydrogen with potassium at 330° 
is 9300, and that of sodium 13000 gram-degroos. 

From measurements of tho tension of the hydrogen evolved at high temperatures 
from ^ palladium-hydrogen, Troost a. Hautcfcuillo coneludo that Pd"H is a derm i to 
chemical compound, but that any additional quantity of hydrogen is taken up by 
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simple absorpticm. The temperature most favourable to the formation of the com- 
pound Pd^H is 100° ; above 130° it is no longer produced. 

On the Absorption of Hydrogen by Iron, see Iron in this volume ; on its Absorp- 
tion by Potassium and Sodium, see 2nd Sujpfl, 659. 

Hydrogen, occluded by metals and by charcoal, exerts a reducing and hydrogenis- 
ing action, similar to that which it exhibits in the so-called nascent state. Nascent 
hydrogen, in fe.ct, is hydrogen set free in contact with, or in very close proximity to a 
metal, which very probably condenses or occludes a portion of the gas, and it may 
therefore be supposed that the activity of the hydrogen under these circumstances is 
but the consequence of its intimate association with the metal, that is to say, of its 
being in the occluded condition. The great reducing and hydrogenising power of the 
copper-zinc couple doubtless depends also on the absorption of hydrogen by the finely 
divided metal. 


The following table exhibits the resemblances and differences of the action of 
hydrogen occluded by palladium, platinum, copper, and wood-charcoal, and by the 
copper-zinc couple. 




Substances produced by : 

Substances employed 

Copper-zinc 

couple 

Palladium- 

hydrogen 

Platinum- 

hydrogen 

Copper- 

hydrogen 

Carbon- 

hydrogen 

Potassium Chlorate, 
KC10^ aq. solution 

Chloride 

Chloride 

Chloride 

Chloride 

Chloride 

Potassium Nitrate, 
KNO^ aq. solution 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nil 

Potassium Ferri- 

eyanide, K^FeCy°, 
aq. solution j 

Forro- 

cyanide 

Ferro- 

cyanide 

Ferro- 

cyanide 


Ferro - 
cyanide 

Nitrobenzene, 
C^H^NO''^, aqueous 
alcoholic solution 

Aniline 

Aniline 

Azobenzene 

— 


Indigo, with weak 
solution of potash 

White 

Indigo 

Wliite 

Indigo 

— 

— 

— 

Sulphurous acid, 

H*SO^, aq. solution 

Sulphur 

H^S 

Sulphur 

(probably) 

— 

— 

Arsenious Oxide, 

As*0^, aq. solution 

AsH^ 

Metallic 

Arsenic 

Metallic 

Arsenic 


— 


The increased energy of the hydrogen in these combinations may be attributed : 

(1) . To its association with a more negative element: this explanation will apply to 
the carbon-combination as well as the others, since charcoal conducts electricity freely. 

(2) . To a peculiar atomic aggregation of the hydrogen, the variations shown in the 
experiments being, perhaps, attributable to different states of atomic aggregation. 

(3) . To the condensed condition of the hydrogen, the observed differences between the 
actions of the different combinations being attributable to variations in this respect, 
or to the more or less firm hold which the metal has upon the gas (Gladstone a. Tribe, 
Chem. SoG. Jour, xxxiii. 306-313). 

Occluded hydrogen also resembles nascent hydrogen (evolved by electrolysis) in 
its action on nitric and sulphuric acids (Gladstone a. Tribe, Chem. Soc. Jour. xxxv. 
172-179). 

HYBROGSXT BIOXXBB, H-O^. On the occurrence of this compound in the 
air, see Atmosphere (p. 133). J. Clermont {Comft, rend. Ixxx. 1591) has detected it 
in the juices of several plants — tobacco, vine, and various species of lettuce. 

On the formation of Hydrogen Dioxide, together with Nitrate and Nitrite of 
Ammonia, by oxidation of ammonia, see Nitrogen oxides. 

According to H. Struve {Wien. Akad. Per. [2 Abth.], Ixviii. 432), when a shallow 
basin containing a dilute solution of pyrogallol is placed in another shallow basin, 
and covered over with a bell-jar, and the whole is exposed to sunshine or difihised day- 
light, hydrogen dioxide and ammonium nitrite are formed, and may be detected in 
the condensed water which runs down the side of the bell-jar. If potash be added to 
the liquid, no hydrogen dioxide is formed, but only ammonium nitrite. 
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Prejpamtion . — For pre^Daring hydrogen dioxide in considerable quantity, the follow- 
ing method is given by J. Thomson {Be7\ vii. 73). Finely divided barimn peroxide, 
or the commercial (so-eallod) hydrate, is dissolved nearly to iiontralisation in dilute 
hydrochloric acid, and to tho filtered and cooled solution, baryta-water is iidded in 
quantity sufficient to throw down tho foreign oxides and silica present., and to produce 
a slight precipitate of hydrated barium peroxide. The solution is then_ filtered and 
mixed with concentrated baryta-water, whereby crystalline hydrated barium peroxide 
is thrown down, which, in tho moist stat.o, may be kept for a long tamo in closed 
vessels without decomposing. To prepare hydrogen dioxide, this moist hydra, to is 
added with stirring to dilute sulphuric acid (not stronger than 1 pt. by weight, of 
to 5 pts. of water), till tho acid is very nearly saturat ed ; the preci]Ht.a,to is 
then leffi to settle, tho liquid filtered, and tho remainder of the ae-id removed by 
cautious addition of dilute baryta-water. Tho moist peroxide of barium, is very easily 
decomposed by sulphuric acid, but the action of the acid on tho dried peroxide, or 
even on the effloresced hydrate, is very slow and imperfect. 

According to Kingzett (C%cw. /Soc. cTbzir. [2], xiii. 210) tho compound 
formed by oxidation of turpentine oil, splits up, in contact with water pinto hydrogen 
dioxide and camphoric acid: + 2H-0 ~ H'-O- + 

Beactions . — Ammonia is readily oxidised by hydrogen dioxide, yielding nitrous 
acid (Weith a. Weber, Ber. vii. 1745). Hydrogen dioxide in dilute aqueous solution 
converts drying oils into non-drying oils, without itself undergoing any alteration 
(Cohne, Chem. News, xxxiii. 133). 

Detection , — A solution of titanic acid in sulphuric acid is a. very delicate tost 
for hydrogen dioxkh^, liquids containing the latl.er being coloured oraaige or yellow by 
tho reagent, according to tho quantity present (Sehbuu, DukjI. poL J. cc.x. 317). 
Argentaonmommi mirafe, provided it is destil.uto of cv<'ry trace of free an\mouia, is 
also a delicate tost for hydrogen dioxide (Ilbltgtu’, hw. oU.) 

ACXB. tSoo hli-imaTic Acid (Ud ^nppl 

633). 

HYBR0MBTHaXJXH;2t£:HX:QU‘X3^01Sr£l. See MmtiiantiiuhnI'!. 

HY»H.0M:ETHYX.-PiiltA03S:YPHEWYlaACRYi:i.IC ACIB (p. 505). 

HYBKOMircomc ilCXB, C'dPO'. kSco Muck) Acid {2nd 827). 

HYBROasrAPHTHOQtrXStrO^JffB. See NAPirriions. 

KYBRO-OXYBEWX.OXC ACXB, OHPO=b 13iis acid, isomeric with uvic 
add, is obtained by oxidation of oxyuvitic acid, 0’dl“0'*. With (‘bromic acid tJm 
yield is small; with pormaaigaiiate it is S(jmowhat larger (10 ])er cent, of tin' acid 
used). Tho oxyuvitic acid dissolved in sodium carbonate is added to a, slight excess 
of tho pei’inanganato dissolved in -JO to GO pt.s. water, a,nd tin* residing hydro- 
oxybenzoic acid is purified by recrysta,llisatiou from wa,ter. It. forms thin colourless 
noodles melting at 274-5" (corn.) and decomposing for tho most part at a Idglier 
temperature. Its solution gives a y(illow precipitaf.e with ferric chloride. The 
oalciim salt,^ (0^H’'O'*)“0a + 2U“C), crystaHisos in sma.ll slightly coloured rn'odlt'S, whieJi 
give off their water at 160°. The silver salt, C’IPO'b\g, is obtaimh by precipitat ion 
from tho calcium salt, but is not quite insoluble in water. 11 yd ro-oxy benzoic aehl 
fused with potash is converted into benzoic acid : ChJ =■- G'JI'‘()“ + il'h). Oxyuvil ic 
acid is also converted into hydro-(jxyl)ouz<>ic acid by oxidation with w( 3 a.k nitric acid ; 
but stronger nitric acid converts it into t rinitrocrosol (Kmmorling a. Opponheim, Ber, 
ix. 326 and 1094). 

HYBiaO-OXYCAIWXPSXOBOlSriC ACXB, This acid is fornnh, 

together with camphoric acid, and eamplioronic acid, (pp. 375,’ 

376), by oxidising camphor with nitric acid, and is found, together with eamplioronic 
acid, in tho mother-liquors from which the camphoric acid has crystallised out. For 
the method of separating it from eamplioronic acid, see p. 376. It is very soluble in 
hot, less soluble in cold water, and separates from tho hot solution on cooling in 
beautiful triclinic crystals melting at 164*5°. Its aqueous solutions liavo a strongly 
acid reaction, and give no precipitate with ammonia and liarium chloride, a characqor 
by which it is distinguished from camphoric acid. 

Three of ^ the hydrogen-atoms in hydro-oxycamphoric acid can be replaced by 
metals, and it also forms mono- and dimctailic salts. Tho acid ammrmmni salt, 
0^HH(NH'‘)0®, crystallises in colourless noodles, forming globular aggregations, an(i 
melts at 178°, solidifying after some time to a porcelain-liko mass. The iKUitral 
ammonium and potassium salts crystallise well, and doliquosco on exposure to tlio 
air. 

The monocaMo salt, C'’ir‘*^OaO® + 2H-0, is easily soluble in water, and crystallises 
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in silky needles concentrically grouped. The corresponding barimn suit has been 
obtained only as a gummy mass. 

The tricdoio salt, (0®H^^O®)2Ca®, has been obtained as a colourless gummy mass. 
The corresponding barium salt, separates in crystalline scales, easily 

soluble in water. 

The tricupric salt, (C‘’H”0®)2Cu®, is obtained as a bluish-green precipitate by 
boiling the aqueous solution of the acid with copper acetate. When dried it forms a 
bluish-green powder insoluble in water. 

The triarpentic salt, C'^H^Ag^O®, is a white precipitate almost insoluble in cold, 
but soluble in hot water. 

Hydro-oxycamphoronic acid heated with bromine in sealed tubes at 120°-125°, 
gives hydrobromic acid and an acid melting at 226°, having the composition 
and therefore isomeric with oxyeamphoronic acid. 

H-SrBROPARAOXTTBSWZOiM-, See OXYBENZALDEHTDB. 

KYBROPHAlKrB. See Silica. 

KYBROPHTHABXBB. See Psthaltde. 

•HYBROPIPERIC ACXB, See Pipbeic Acid. 

HYBROPXiiLTZR'IC CHBORXBE, CPPt(CPH)2. See Platinum. 

HYBROPYROCXXO-CHOIYZC ACZB, See CiNCHONiNE (p. 485). 

KYBROPYROMEXiZiZTZC ACZB. See Mellitic Acid. 

KYBROQtrzifOiMrE. See auiNOL. 

HYBROSAN'TOETZC ACZB and HYBROSA3»'TOZO‘ZEr. See Santonic 
Acid and Santonin. 

HYBROSORBZC ACZB. See SoRBic Acid. 

RYBR0SUX.PK03R0M0BEErZAX.B£KYBS, 0®H®Br(SO=*H)(COH). See 

SULPHOBROMOBENZOIC ACID. 

HYBROTZTAWZTE. This name is given by G-. Konig {Jahrh, /. Min. 1876, 
774) to a soft greyish mass, formed by the transformation of the perowskite of 
Magnet Cove, Arkansas. It contains : 

TiO“ Pe=0’ llgO CaO H=*0 Sp. gr. 

82*82 7-76 2*72 0*80 5*50 = 99*60 8*681. 

HYBROTOZbU^UZNORTE. See Tolijqijinol. 

KYBROVAWZIiZiOiKT. See Vanilloin. 

HYBROVZWZC AGXB. See Pteotartaeic and UviTic Acids. 

KYBROXAMZC ETHERS. See Hydroxylamine (p. 1079). 

HYBROXYCAPRYZiZC ACZB, = C^H^s.CHOH.COOH (Erlenmeyer 

a. Sigel, Ber. vii. 697, 1108; Liebig's Anfialen, clxxvii. 102). An acid of this com- 
position, analogous to the amidocaprylie acid already described (p. 379), is obtained 
as a bye-product in the preparation of the latter from cenanthol-ammonia, hydrocyanic 
acid, and hydrochloric acid, and in larger quantity by the use of cenanthol itself 
instead of the ammonia-compound. The best mode of proceeding is to mix in a well- 
cooled vessel equal volumes of cenanthol and absolute hydrocyanic acid (the aqueous 
acid, may also be used, but the mixture must then be left to itself for some time 
at 30°). The product, which should form a clear solution with fuming hydrochloric 
acid, is boiled with hydrochloric acid in a reflux apparatus (for |-hour if 1*5 pts. of 
hydrochloric acid of sp. gr. 1*19 be used), then mixed with water. The oily layer 
which floats on the solution of sal-ammoniac is then 'dissolved in ether, and on 
evaporating the ether, the hydroxycaprylic acid is obtained in large plates of unde- 
terminate fbrm, unctuous to the touch and soft enough to be cut with a knife. It 
has a sour taste, cooling at first, afterwards sharp and somewhat burning. It melts 
at 69*6°. Heated to 120° in a sealed tube with hydrochloric acid, it is easily resolved 
into cenanthol and formic acid. 

Ethgl Eydroxycaprylate, C®H’®(C^H®)0^ prepared by saturating the alcoholic 
solution of the acid with gaseous hydrogen chloride, is a liquid boiling at 229°-230° 
(bar. 715 mm.) 

Hydroxycaprylonitril, C®H^®NO or O^H’^.CHOH.CH, remains, though not 
quite pure, when the product obtained by heating cenanthol with hydrocyanic acid is 
evaporated on the water-bath. It is a clear colourless oil of sp. gr. 0*9048 at 17°, 
remains liquid at -16° and cannot be distilled either alone or with vapour of water, 
Sup, 4 A 
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l)egirming to split up, even at 115®, into prussic acid and oenantliol. It dissolves 
easily in alcohol and ether, sparingly in water. The aqueous solution gives no pre- 
cipitate with, silver nitrate at ordinary tomperaturos, but a precipitate of silver 
cyanide on boiling. It is decomposed by potash-solution with separation of hydro- 
cyanic acid. 

Eydfoxycafrylaonide, C«H»^NO-^C«H‘=*.OHOH.CONIP, is slowly formed 
from the nitril by solution of sodium carbonate or by cold liydrocbloric acid of sp. 
gr. 1*1, immediately by fuming hydrochloric acid (sp. gr. riO), the teinporaturo in 
the latter case not being allowed to rise above 40®. The clear mixture soon solidihes 
to a pulp of crystals, which increase on addition of wat,or, a.nd may b(‘ wnslicd with 
water and purified by rccrystallisaiion from, hot water. Tlio amide iluis prepared 
forms white laminae having a satiny lustre, molting at 150®, rather sparingly sohiblo 
in cold, somewhat more easily in hot water. It also dissolves in a,li‘ojif)l and in other; 
and is precipitated from the alcoholic solution by water in the crystalline state. 

HlTBROXiriiAMXlsrB, NH=*0. Formation.— WiB compound, opginally ob- 
tained by the reducing action of tin and hydrochloric acid on nitrons acid and ethyl 
nitrite (l 5 ^ 722), is likewise produced by means of the same reaf^’ont from the 

nitro-paraffins and nitrolic acids. 

1. Dimtrop'ofane is resolved thereby into hydroxylamine and acetone : 

(NO-)=C(CH3)2 + 4H2 = CHICO.CH^ -h SNIPO + H^'O. 

Dilute hydrochloric acid is added to the pulverised nitro-compound in a vossol fitted 
with a reversed condonsor, and metallic tin is added, the vossol being kept cool and 
the mass continually shaken. On oviiporating the product, hydroxylamine hydro- 
chloride crystallises out (V. Moyer a. Loch or, Bvr. viii, 215). 

2. Dlmirolmiane, similarly t.riiatcd, yields liydroxylaminc, and a kotonic body, 
probably methyl-ethyl ketone (Moyer, ibid. ix. 701). 

3. Mhyl-mlroliG add {2nd Siq)})!,, 894), treated with tin and hydrochloric ac.id, is 
resolved into hydroxylamine and acetic acid : 

Cff.C<;^Q? + H’* + H=0 = CIP.COOII + 2Nir'0. 

When ethyl-nitrolic acid is suddenly brought in contact with tin and strong hydi'O- 
chloric acid, a violent reaction ensues, and the greabor part of the nitrolic avid is de- 
composed, with evolution of red nitrous va]K)urs ; l)ul, by proceeding as follows, the 
reaction may bo made to go on regularly and without violoiiee. The solution of the 
nitrolic acid in the smallest possible quantity of lukewa.rm water is quickly eooleil, 
aud to the fine crptalline pulp thus obtained, finely granulated t.in is added, and then 
dilute hydrochloric acid, by drops and with constant stirring, till iurther addition no 
longer produces rise of tomporaturo, and a sample of the liquid treated with other 
no longer gives up ethyl-nitrolic acid. The acetic acid produced by tlio n.-actioii is 
easily separated by diluting the product with water and distilling, and the hyilroxyl- 
amine may bo obtained from the residue (Moyer a. Locher, loo. df.) 

4. Nitroform (as ammonia-salt), treated in like manner, yielded hydroxylamine 
hydrochloride, hydrocyanic acid, sal-ammoniac, a small quantity of nitrogen monoxide, 
and a volatile substance — ^probably formic acid— which reduced silver-solution (Meyer 
a. Locher). 

5. MtrometJia^ie, heated with sulphuric acid, is resolved into hydroxylamine and 
carbon monoxide : 

20H'’(N02) + S02(0H)2 = 200 + (hrH«0)2SH20h 

Equal volumes of nitrome thane and fuming sulphuric acid are heated together on the 
sand-bath in a retort with reversed condenser till a brisk evolution of gas sols in, 
after which the reaction goes on spontaneously to the end, with considerable rise of 
temperature, so that it is necessary to mix only small quantities of the materials 
together at a time. The viscid products of the reaction are then heated on the water- 
bath till the pungent odour of sulphuric acid is no longer perceptible, then gradually 
added, with brisk stirring, to a mixture of alcohol and ether ; and the crystalline mas4 
which settles down is washed on a filter with the same mixture and dried under the 
exsiccator. If not yet quite white, it must be dissolved in water, and the solution 
filtered, concentrated, and mixed with alcohol, whereupon it yields snow-white shininf^ 
crystals of hydroxylamine sulphate. This salt melts at 140®, and the crystals” 
according to measurements by Dathe, are not monoclinic !i,s formerly stated (Ls'J 
723), but trielinic, exhibiting the forms oo'P, oof*oo , 'P, 2T3, f oo , Poo 
(Dreibisch, Ji pr. Chem, [2], viii. 316). It unites with aluminic, chromic, and ferric 
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sulpliates to form the following double salts, -which correspond exactly in composition 
and crystalline form with the alums : — 

. A12(SO^)3 . 24aq. ; 

(NH20H)2H2S0* , CtXSO^Y . 24aQ.; 

(NH=0H)2H2S04 . Pe2(SO^)3 . 24aq. 

A double sulphate of hydroxylamine and magnesium has also been obtained, 
crystallising in long needles having the composition MgS0-*(KE[20H)-H^S0^ 6aq 
(Meyeringh, Ber. x. 1946). 

Be actio ns. — Hydroxylamine reduces many metallic salts in neutral or alkaline 
solution, with formation of nitrogen monoxide or free nitrogen (Isi 723). By 

Fehling's solution in excess, it is completely oxidised to nitrogen monoxide and water : 
2NH®0 + 02 = + SH^O (J. Donath, Ber, x. 766). According to Lossen 

{ihidj. viii. 357) it sometimes acts in the same manner also in acid solutions ; platmio 
chloride, for example, is reduced -when heated for some time with hydroxylamine 
hydrochloride. In some cases, on the other hand, it appears to act as an oxidising 
agent ; thus ^Idehyde in contact with hydroxylamine is converted into acetic acid ; 
and thioGarhmilide gently heated with it is decomposed, with precipitation of the 
whole of the sulphur and formation of a compound which crystallises in needles 
(E. Schiff, Grazz. chim. ital. vi. 244). 

With dihromonitroethane, hydroxylamine forms ethyl-nitrolic acid: 

CHs.CBr2(N02) + NffO = 2HBr + 

(Meyer a. Locher, Ber, vii. 1614), See Kitrolic Acids. 


Constitution and Derivatives of Hydro !sy I amine. 

This compound is usually represented by the formula NH^.OH, or as ammonia 
having one of its hydrogen -atoms replaced by hydroxyl. This view is supported by 
the formation of hydroxylamine by reduction of nitric acid HO^.OH, which is precisely 
analogous to that of organic nitro- compounds to amines ,* also by the behaviour of the 
compound to acids, which exactly resembles that of ammonia, the nitrogen, which is 
trivalent in the base, becoming quinquivalent in the salts ; thus 

H\ -nr 

H2N.OH and HCl form 

ho/ 

If hydroxylamine were represented by the formula H^Nxr:0, in which the nitrogen 
already possesses its highest combining capacity, further combination could scarcely 
take place. 

Additional proof that hydroxylamine should be represented by a formula in which 
the function of at least one of the three hydrogen-atoms is different from that of the 
other two, is afforded by the fact, already noticed (f.nd Buypl, 662), that benzanis- 
hydroxylamine formed by the action of amyl chloride 'on benzhydroxamic acid, and 
anisbenzhydroxylamine formed by the action of benzoyl chloride on anishydroxamic 
acid, are not identical but isomeric. Eegarding hydroxylamine as HNH.OH, the 
reactions just mentioned may be represented by the following equations : 

C^H50.NH.0H + CsH’O^Cl = HCl + C^H^O.HH.OCSH^O^. 

Benzhydroxamic Anisyl Benzanishydroxylainine. 

acid. chloride. 

C«H’02NH.OH -t- O’H^OCl - HCl + C^H’O^.NH.O.C’HsO. 

Anishydroxamic Benzoyl Anisbenzhydroxylamine. 

acid. chloride. 

This view of the constitution of the hydroxamic acids is likewdse supported by the 
following reactions : 

1. Benzanishydroxylamine is resolved by the action of barium hydroxide into 
benzhydroxamic and anisic acids : 

0^H50.HH.0C8H^02 -h H^O = C^H«O.HH.OH 4- C^H^O^OH 

and anisbenzhydroxylamine in like manner into anishydroxamic and benzoic acids. 

2. Potassium-benzanishydroxylamine is decomposed by boiling water into diphenyl- 
carbamide, carbon dioxide, and potassium anisate: 

2CC^H-'0.NK.0C«H^02) + * CON^H^CC^ff)" -h CO^ + 20«H^O=»H. 

4 A 2 
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Potassium-anisbenzhydroxylamine, in like manner, yields potassium benzoate and 
dimetlioxyl-phenylcarbamide : 

2(0«H’02.NK.OC^H'^0) + H^O = OONOT(C 0 H^OCH =^)2 + CO- + 2C’H«0'^IC 

3 . Beiizanisliydroxylamino is resolved by distillation into anisanilido 
NH(0‘^IP)(C®H’O-) and anisic acid; aniKbonzhydroxylamiuo yields the amide 
NH(C®H'‘.00H’'^)(C^H''’0) isomeric with anisanilido, and benzoic juid (LoSvSeii, Liebig's 
Annalen^ clxxv. 271). From further researches (^Liebig's AnmUn^ clxxvi. _ 1-2‘i), 
Lessen concludes that all the three atoms of hydrogen in hydroxy hunino diiler in 
function one from the other; inasmuch as there can exist tliree dilferent t.ertiary 
derivatives, in whicli two of tlio liydrogon-atoms are rcphicnd Ijy bonzoyb and one by 
anisyl, and three others in wdiich two hydrogen-atoms are replaced by iinisyl, and one 
by benzoyl. Thus, distinguishing the throe hydrogen-atoms by the figures 1, 2, 3, 
it is found that the three bodies, 

12 3 

Benzanisbenzhydroxylamine .... N(C’H'’0)(C^H^0-)(C‘H'’0)0 

Bibeiizanishydroxylamine .... N(C’H^ 0 )(C’H® 0 )((j“H’ 0‘^)0 

Anisdibenzhydroxylamine .... N(C®H’0®)(C^H®0)(C’H®0)0 
are all different, as are also the three, 

12 3 

Anisbenzanishydroxylamine .... I>r(C®H’O“)(O^H®O)(0'^IFO-)O 

Bianisbcnzhydroxylamino .... N(C«H’^O' 0 CC«llPO®)(C^n'^O)O 

Boiizdianishydroxylamino .... N(C^IP0)(C'^iP0‘)(C«JP0‘)0. 

Moreover, oacli of these isomoridos is capable of cryslallising in difibi'ent forms 
differing in appearance and m(d(,ing point (though not in chemical r('actionH), so (.hat 
mo3*e than one physical modification of each isornerido exists ; th(?so njodifications are 
distinguished as a, 7 henzanishmzkgdroxglmmnc, &e. 

To prepare those bodies, benzoyl or anisyl chloride is mad(^ to react on (ho 
calculated quantity of the diy silver salt of the approprial.o dihydroxamiiJ acid, (he 
materials being dissolved or suspended in bonzeno, and allowed (-0 renmin in conlaet 
at the ordinary temperatures until the decomposition of t.lio silv<sr salt is complete. 
The insoluble mass thus loft consists of the required tri-derivU.ivc (practically in- 
soluble in benzene) mixed with silver chloride and mon^ or less of tho dihydroxaitiic 
acid, according to tho greater or lessor purity of tho organic chloride iii- 5 ed. On boil- 
ing with alcohol and cooling tho filtered soluiion, tlu3 tri -derivative st'parates a.s an 
oily or somi-solid mass, soon becoming crystalline, and only sparingly soluble in cold 
alcohol. 

1 2 3 

(1). Benzanlsbenzliydlroxylamlne, N(C’IPO)(G«TFO-)(C^IPO)0^, is obtained 
by the action of benzoyl cldorido on tho silver salt of bcnzanishydroxamic acid, in 
three modifications, the reaction taking place according to tho equation : 

N(C^Hs0)(C8H^02)Ag0 -h C^HSO.CI = AgCl + N(CnP0)(G«IP0-)(CnP0)0. 

The a-modijication crystallises in tho triclinic system, and medts at 
this is the modification formed in largest quantity: the ^-varietif crysta.lliscs in 
rhombic forms, molting at 124^-125°, and is chiefly found in the alcoholic mother- 
liquors of the first crystallisation of tho crude product of tho react.ion. The y-wodiji- 
caiio?i crystallises in the monoclinic system, together w'ith tho a-ergstah, and is 
separable only by hand-picking : it appeared to melt at 110 '^; b\it after fusion and 
solidification (which required a week) it melted at 120 °, indicating that by fusion it 
had become converted into the j 8 -modification. In one preparation, out of 46 grams 
of the three modifications jointly, 35 of the a, about 6 of tho ^ 8 , and about 5 of the 7 
variety were obtained. 

■When either of these modifications is heated with dilute hydrochloric acid, de- 
composition is brought about in accordance with the following reaction, benzanis- 
hydroxamic acid being formed — 

12 3 12 

(1). N(C’HSO)(C8H’’02)(C’'H»0)0 + H^O = + Jii(Gm^O)(C^WO^}'E.O. 

If, however, the acid be too strong or the action he too prolonged, more or loss of the 

* The names of these tertiary derivatives, and the nuinhera pln.corl over their formiihe, are intended 
to indicate nothing more tlmu the order in which the several radicles arc introduced into the hvdroxvl- 
amine molecule. •' 
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product becomes split up, in accordance with tbe following equation, into benzoic acid, 
anisic acid, and bydroxylamine : 

(2). ]Sr(0^H:50)(C8H^02)(G^H50)0 + ZB?0 = 20’H®02 + + NH^O. 

Tbe a-modification is partially split up, and cbiefly in accordance with equation 
(1), by beating to 100° for balf an bour with 8-10 parts of bydrocbloric acid of sp. 
gr. 1'05 ; tbe ^-modification suffers no change under these circumstances; nor is 
more than a small quantity decomposed if tbe acid have a sp. gr. of 1*14 ; by using 
fuming acid, however, it is decomposed, mostly in accordance with equation (2) ; 
benzbydroxamic acid, formed in accordance with equation (1) was however separated 
from the products of the reaction. Modification-y behaves as though it were a mix- 
ture of a and i3, although its crystalline form negatives the supposition that such is 
its character; when heated with acid of sp. gr. 1-05 to 100°, it formed benzoic and 
benzbydroxamic acids, like tbe a-modification, whilst a considerable residue remained 
unaltered, which on examination was found to be identical with the j8-variety. Nearly 
40 per cent, of the i8-variety was thus obtained from the y (selected well-defined crystals 
being used), % too large a quantity to be due to accidental admixture from imperfect 
separation of uhe two kinds of crystals. 

Similarly, alcoholic potash decomposes each of the modifications a and jS in accord- 
ance with the reaction — 

12 3 12 

N(0'HsO)(C8H^O2)(C'H"O)O + KOC^H^ = + N(C’Hs0)(C8H’'02)K:0, 

forming ethyl benzoate and potassium benzanishydroxamate. When aqueous caustic 
potash is used, the o-modification is decomposed to a considerable extent in a similar 
way, forming potassium benzoate and benzanishydroxamate ; but a different reaction 
also takes place to a small extent, forming potassium anisate and dibenzhydroxamate ; 
whilst a small quantity of substance becomes yet further decomposed, forming a 
mono-hydroxamic acid. 

On heating the a-modification, it decomposes, with slight carbonisation, in accord- 
ance with the reaction — 

12 3 

N(0^H50)(C8H’02)(C’HS0)O = N.CO.C^H^ + C^H^O.O.CSH^O^, 

producing phenyl isocyanate and benzanisic anhydride, just as tribenzhydroxylamine 
forms phenyl isocyanate and benzoic anhydride ; a small portion also decomposes in 
accordance with the reaction — 

12 3 

N(0^H=O)(C«H^O2)(0’HsO)O « N.CO.C^H^O.OT + C’HsO.O.C^H^O, 

forming the isocyanate of oxymethyl-phenyl, and benzoic anhydride. Quantitative 
estimations of the amount of benzoic acid finally produced by first heating a 
weighed quantity of a-benzanisbenzhydroxylamine in a sealed tube, and then heating 
the products of the decomposition with strong hydrochloric acid, yielded 35’6 per 
rent., the first equation requiring 32*5, and the second twice as much : whence the 
second reaction occurs only to a very small extent. 

12 3 

(2). Bitoenzanisliyclroxylamine, ]Sr(C’II^O)(C^H^O)(C®H^O")0, is known in 
two modifications only, which are obtained in the manner above described by the 
action of anisyl chloride on silver dibenzhydroxamate. Modification a melts at 
110-110*5° ; crystals monoclinic ; with hydrochloric acid of sp. gr. 1*05 it easily splits 
up, forming anisic and dibenzhydroxamic acids. Modification melts at 109°-110° ; 
crystallises in rosettes, occurring with the last crops of crystals of a : crystalline 
system not determined ; not attacked appreciably by hydrochloric acid of sp. gr. 1*05, 
but split up on prolonged heating with acid of sp.gr. 1*14, dibenzhydroxamic acid 
being the only dihydroxamic acid produced ; most of the substance, however, was 
wholly split up, forming benzoic and anisic acids and bydroxylamine. ^ 

The action of potassium hydroxide on these two modifications is different from 
what might he expected, as, instead of the last aniayl-group being eliminated, the 
products formed in each instance are the potassium salts of benzoic and benzanis- 
hydroxamic acids, thus : 

N(C7H®0)(C^H®0)(C8H^02)0 + 2KHO = N(C’^H»0)(08B:’02)E: + C^H^KO^ + H^O. 

The silver salt of the benzanisbydroxamic acid thus produced is converted by benzoyl 
chloride into benzanisbenzhydroxylamine. 

a-Dibenzanisbenzhydroxylamine is decomposed by heat exactly in the same manner 
as the corresponding modification of benzanisbenzhydroxylamine, the chief products 



1078 HYDROXyLAMINE. 

being pbexiyl isocyanate and benzanisic anhydride, whilst small quantities of phonyl- 
methenyl isocyanate and benzoic anhydride are likewise produced. 

(3) . Anisdibenasliydroxylamiiie, N(C^H^O“)(0^H-’O)(C’H^O)O, is formed by 
the action of benzoyl chloride on silver anisbonzhydroxamato. The a-modilieation 
forms monoclinic crystals molting at 137°-137'5°. It is slowly decomposed by hydro- 
ehlorie acid of sp. gr. 1*05, more xvjadily by acid of sp. gi*. TM, forming anisbonz- 
hydroxamic acid ; potash forms the same acid. When heated alone, it yields phony 1- 
methoxyl isocyanate and benzoic anhydride in considerable quantity, and only small 
quantities of phenyl isocyanate and benzanisic anhydride, behaving in tliis way just 
conversely to the two isomerides above described. 

The ^-moMfication melts at 109*5® -110*5'^, and crystallises in small rosettes of 
undetermined system. It is not decomposed by hydrochloric acid of sp. gr. T()5, and 
only partially attacked by acid* of sp. gr. 1T4. With potash it forms anisbenzhydrox- 
amic acid. 

By reactions exactly analogous to those above described, three motameric dianis- 
monobenzoyl-hydroxylamines are produced, two of which form a and ^ :^odifications. 

(4) . Anishenasanisliydroxylamine, formed from anisyl chloride and silver 
anisbenzhydroxamate, melts at 152®~153®, and separates from ethereal solution in 
monoclinic crystals, with tabular development in the direction of the orthodiagonal. 
Axes, c5 : 5 : c = 0’8662 : 1 : 0*3803 ; angle c= 75°*21*5'. Hydrochloric acid of sp. 
gr. 1*05 easily decomposes it, forming anisic and anisbenzhydroxamic acids; with 
potash it yields benzoic and dianishydroxamic acids. The )6-modilieation molts at 
148®-! 49°, and forms monoclinic crystals with tabular dovolopnumt parallel to the 
plane of symmetry. Axes, a: h: c*-T0015: 1 : 0*7887; angle ac -89*51. This 
modification is formed in very small quantity only ns compared with tlie a-modiflca- 
tion (1 : 34). 

(5) , Blanistoenzhydroacylamlne, from sUv(U' dianishydroxamato and benzoyl 
chloride, is known in one modification only. It forms monoclinic cryst-als nn^lting 
at 147*5®; is slowly attacked by hydrochloric acid of sp.gr. 1*05, more rapidly by 
stronger acid, forming benzoic acid and diainshydrox.amic acid, with no bonzoylated 
hydroxamic acid of any kind. Caustic potash forms cliiclly benzoic and dianishydrox- 
amic acids, together with some anisic and amsbenzhydroxamic acids. 

(6) . Benzdianlsliydroxylamlne is obtained in two modifications fx*om silver 

benzanishydroxamato and anisyl cldorido. The a-modificaiion molts at 137®'- 138®, 
and crystallises in triclinic prisms with oldique cnd"fa.ces. Axes a : h : 
0*8025 : 1 : 0*955 ; angle 5 =-90® 45'; 58'; 43h Observed 

forms; OP, ceP', co'P, ,P,oo , -.^^P. Cleavage perfect parallel to col?'. The /Q-mudifl- 
cation melts at 137*5®-138®, and likewise forms triclinic crystals, differing however 
from the a-modification in the magnitudes of Ihoir angles. Axes a'.hlo-^ 
0*4284: 1 : 1*3997 angle 5c=103® 7'; ac = 9(>*l(>; w. 5==- 89*25. Obstawed forms 
OP, P', P/, 'P, ^P, cof CO . Oloavage perfect parallel to OP. Both modilications are 
easily decomposed by hydrochloric acid of sp. gr. 1*05 into anisic juid bonzanishydrox- 
amic acids ; the a-modification also by caustic potash. 

On comparing together the modes of decomposition of the above descriht'd tertiary 
hydroxylamines by hydrochloric acid, it is found tliat tlio radicle which is last 
introduced, and completes the formation of the tertiary liydroxylamine-th^ivative, is 
also the one first eliminated, the other two remaining later. The same rule applies 
to the action of potash, in many cases but not in all, benzanisbouzhydroxylamino and 
benzclianishydroxylamino forming partial exceptions, and dibenzanis- and anisbenz- 
anishyclroxyl amine total exceptions to the rule. On the other hand, it is found that 
the radicle which is first introduced and forms a primary hydroxylamino derivative 
remains last when the tertiary derivative formed from this primary derivative is 
decomposed by potash in such a manner as to eliminate two out of the three radieles. 

The optical examination of the crystals of the tertiary hydroxylaminos-~all of 
which exhibit strong double refraction— shows that the metameric modifications have 
certain optical properties in common. In benzanisbenz- and anisbenzanishydroxyl- 
amine, the planes of the optic axes for all colours are perpendicular to the plane of 
symmetry ; the second median lines coincide with the axis of symmetry, and horizontal 
dispersion takes place round the first median linos. In dibenzanis- and dianiabenz- 
hydroxylamine, the planes of the optic axes for all colours have the same positions, 
but the first median lines coincide with the axis of symmetry, and crossed dispersion 
takes place round this axis. There is therefore a certain correspondence between the 
optical and chemical characters of those bodies, indicating a connection between their 
physical structure and chenucal properties. 
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TribensKUydroxylamiiie, N(C’B[^0)30 (Lessen, Liehi^s Annalen, clsxv. 282, 
299 ; clxxsyi. 3, 34. 0. Lehmann, Zeitschr, /. KrystcMogTO/phie^ i. 627. Klein a. 
Trechmann, Liebig's Annalen, clxxxvi. 76 ; Zeitsekr, Kryst. i. 637). This compound is 
known in three modifications (a, jQ, 7 ), which are formed simultaneously by the action 
of benzoyl chloride on the potassium or silver salt of dibenzhydroxamic acid. With 
the former the action takes place at the temperature of the water-bath, and is com- 
pleted almost instantaneously. As however the potassium salt decomposes sponta- 
neously at this temperature, it is better to use the dry silver salt ; 10 parts of this salt 
are drenched with 30 parts of dry benzene, and 4 pts. of benzoyl chloride diluted with 
8 pts. benzene are added. The mixture, which at first forms a stiff paste, gradually 
separates into a precipitate and a liquid which leaves a small residue on evaporation. 
The precipitate, consisting of silver chloride, a and ^ tribenzhydroxylamine, and 
dibenzhydroxamic acid, is washed with ether, which takes up chiefly the a-modifieation, 
and then with boiling alcohol, which dissolves the jS- and 7 -compounds and the rest 
of the dibenzhydroxamic acid. The alcoholic solution treated with solution of sodium 
carbonate yields a precipitate consisting of the jS- and 7 -modifications, which may be 
purified by remystallisation from ether or alcohol, the jS-compound then separating in 
many-faced p&ms or needles, the 7 -compound (according to Steiner, Liebig's Annalen^ 
clxxv. 240) ih short thick crystals resembling rhombohedrons ; the two kinds of 
crystals may be separated by hand-picking. 

a Tribenzhydroxylamine melts at 100°, and is resolved by heating for an 
hour with hydrochloric acid of sp. gr. 1*05 into dibenzhydroxamic and benzoic 
acids. It is very soluble in benzene, and crystallises therefrom, also from oil 
[? petroleum], and from a state of fusion, without alteration. The crystals are mono- 
clinic, exhibiting the forms OP, oo^co, +P 00 , —Poo, 4 - 2 Pco, coP, cops. Cleavage 
very distinct parallel to ooPco ; less distinct parallel to OP. Axes, a: b l c = 
1‘856 : 1 : 1T418. Angle ac=Sl° 42'. Plane of the optic axes ooPco. Double 
refraction strong. 

Tribenzhydroxylamine melts at 141°- 142°, and is less soluble in benzene than 
the preceding modification. It crystallises in the monoclinic system. Axes al b : 0 = 
0*8970 : 1 : 0*3004. Angie ac = 83° 21'. Observed forms: coP, -P,Pco, coPco , coPco. 
Cleavage parallel to coPoo . Plane of optic axes copco . Double refraction, positive, 
strong. This is the modification described in 2nd Suppl. pp. loo, 156. 

7 Tribenzhydroxylamine melts at 112°, and forms short monoclinic prisms 
coP, OP, cleavable parallel to both faces. Axes, alb: c = 0*9257 ! 1 I ?. Angle 
c = 65° 54*5'. Plane of optic axes, oopco. Double refraction strong. Dispersion 
slight and inclined. This modification is resolved by alcoholic potash into the ethylic 
ethers of benzoic and dibenzhydroxamic acids. 


With regard to the constitution of these isomeric derivatives, it has already been 
observed that Lessen regards the differences between them as affording proof that 
the three combining capacities, or quantivalencies, of a nitrogen-atom are each different 
one from the other. At the same time he observes that the occurrence of tliree 
modifications of a, jB, 7 of a given tri-substitution derivative of hydroxylamine may 
be explained by difference of position of the substituted radicles ; thus, anisdibenz- 
hydroxylamine, which contains the group twice and once, might exhibit 

the three following modifications : 

r— CO.C6H" r—O.CO.C^H^ 




CO.C^H^ 

CO.C^H^ 

O.CO.C^H’'0 


N 


0^0 

V 

— C.C^H^O 


N. 


oA) 




O^H^O 


Moreover, polymerisation may be supposed to take place by the nitrogen becoming 
pentadic, so as to give rise to di-hydroxylamine, ; and in this, 

the replacement of two hydrogen-atoms by a radicle A, and of a third by another 
radicle B, may give rise to nine different modifications, according to the relative 
positions taken up by these radicles. 

Hy drox atniic 3EStliers (Lossen, Lev, vi. 1392; vii. 841 ; Liebigs Annale?^ 
clxxv. 284, 313. Pieschel, ibid. 305. Eiseler, 326. Bostoski, ibid, clxxviii. 
213. Waldstein, ibid, clxxxi. 384. Lossen a. Zanni, ibid, clxxxii. 220). Lossen has 
shown that the di-derivatives of hydroxylamine containing two acid radicles, B, B 
(which may be the same or different) may be represented by the general formula 
B.NH.OB/ (p. 1075). These compounds are acids, in which the hydrogen-atom of the 
NH-group may be replaced by metals and alcohol-radicles, giving rise to normal snlts 
and ethers. 
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Dibenzhydroxamlc acid, 0’'H»0.]SrH.OO^H®0, has been already desoribed 
Suppl. pp. 154, 662). Its potassium salt is decomposed by water into carbon 
dioxide, potassium benzoate, and (not as formerly statc^cl, but) symmetrical 

diphenyl-carbamide, or carbanilide, 00(NH.C®H")^ identical with that which is_ ob- 
tained by the several reactions given in vol. i. p. 756, and by heating iirea with aniline 
(Baeyer, StippL 398) : 

C<’Hs.OO.NK.O.GO,C8H3> , ^ 

CW.CO.NKO.CO,C«H«J ^ 

Potassium Diboussbydroxamato, 

(2 mol.) (3 mol.) 


H Cff.OO.OK) , 
H “ C“H\CO.OK{ ■' 
Potassium l!eu:soaio. 




The proof that the diphonylcarhamide thus produced is really the symmetrical modi- 
fication is afforded by the fact that when heated with strong hydrochloric acid to 180®, 


it is resolved into CO- and aniline : 


+ 2Nm(G«H‘) 

(Lessen, Ber, vii. 841). . 

These results have been confirmed by Eotermund (JAeUg's Aunaleuy clxxv. 257), 
who also finds that the reaction is the same with hot and with cold water ; 1 mol. 
dibenzhydroxamic acid and 1 mol, NaHO form diphenylcarbamide ; with 2 mols. NaHO 
the products are benzoic and benzhydroxamie acids. 

Dibenzhydroxamic acid is resolved by distillation into carbon dioxide, phenyl 
isocyanate (and isocyanurate), benzoic acid, and benzanilido (Pioschol) : 

2N(C’H=0)2H0 = CO- + CO=N.C«H'‘ + O^IPO.OH + C"H»O.NH.O«m 

Btliyl Dihon::^hydroxamatG, C’IPO.N(C'TI'').OCnPO (Kis^dor, he. cH .) — ^This 
ether is formed, togotlier with other products, liy the action of ethyl iodide on an 
ethereal solution of potassium dibonzhydroxamate. It crystallises in prisms melting 
at 58®, dissolves easily in alcohol and other, and docom^msos with violence at high 
tomporatiiros. Heated with strong hydrochloric acid it yields hydroxylamiiu^ hydro- 
chloride, benzoic acid, and ethyl benzoate : 

O^H^O.N(0‘-IP).OO’H®O + 2HOn = CHPO.OII + C^.U^O,00'-1P NIIH). 
Hot potash-solution converts it into benzoate and ethylbonzhydroxamato of potassium: 
C^HS0.H(C2H‘).0CHP0 + 2KOH = O'H^’O.OK + 0’H'*0.N(0-H').0K -i- H“0 

Ethylhenzhydroxamic acid, CHPO.N(C“TX’’).OIT, fie]Hirat(‘d from the latter 
salt, is, according to Eisclor, an oily liquid. Lessen a. Zanni, liowcvor, by commencing 
the preparation with pure othyldibonzhydroxamatc, have obtained this acid in limpid 
shining tables or prisms molting at 53‘5® to 54*5°. It dissolves in water, alcohol, and 
ether. The sohxtiou of its potassium salt forms precipitates Avith metallic salts. By 
heating with hydrochloric acid it is resolved into ethyl benzoate and hydroxylamini^ 
hydrochloride (Eisolor). 

Its ethylic ether, C^H®O.N(C-H"‘).OC-H®, formed by the action of otliyl iodide on 
ethylbenzylhydroxamic acid dissolved in alcoholic potash, is a yellowish, aromatic, 
highly refractive liquid, insoluble in water, easily soluble in alcohol and ether. Dis- 
solved in weak spirit and heated with a little hydrochloric acid, it is resolved into 
ethyl benzoate and cthyl-hydroxylamine : 

0’HSO.N(C'“H®).OC2H^ + HOH - C’H»O.OC-H^ + NH(CHP).OII. 

Methyl Bihenzhydroxamate, C’H'''’O.H(CH^),OCHPO, formed like the ethyl- 
compound, is an oily liquid which solidifies at - 15°. Potash converts it into mothyl- 
henzhydroxamic acid, C^H50.N(CI1»).0H, which is resolved by hydrochloric acid into 
methyl benzoate and hydroxylamine : 

C’H'50.N(0H3).0H + H^O = C^H^O.OCH® + NH^O. 

Ethylene Bibenzhydroxamaie, C2H^[H(C’'H20)(0C^H®0)p, crystallises in 
prisms, melts at 148®, is sparingly soluble in cold ether and alcohol, and moderately 
stable towards potash (Eiseler). 

Ethyl Benzhydroxamaie, C^H®O.NH.OC-H®, metameric wnth ethylbenz- 
hydroxam^c acid, is formed when benzhydroxamie acid (1 mol.) is loft in contact for 
twenty-four hours with a highly concentrated solution of potassium hydroxide (2 mol.) 
and ethyl iodide (1 mol.), the mixture being frequently agitated : 

C’'H50.HH:.0B[ 2KOH + CHPI « Ca-PO.NK.OC^Hs + KI + 2H20. 

The resulting solution is freed by filtration from potassium iodide, and carbon dioxide 
is passed through it for about an hour, whereupon the ethylic benzhydroxamate either 
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separates as an oil or remains dissolved, according to the degree of dilution of the 
liquid. In either case it is extracted hj agitation with ether, and the ethereal solu- 
tion, after drying with potassium carbonate, is left to evaporate. The residual mixture ^ 
of an oil and a crystalline mass is pressed, and the crystals are purified by repeated 
crystallisation from alcohol. 

The crystals thus obtained have a tabular habit, and appear to belong to the 
rhombic system. They have a faint aromatic odour, melt at 64®~65° dissolve easily 
in ether and in alcohol, less easily in water. The largest crystals, which have the 
form of thick tablets, from predominance of thejpinacoids, are obtained from the alcoholic 
solution ; the ethereal solution yields by spontaneous evaporation flat needles or 
concentrically radiate crystalline masses. Benzene, added to the ethereal solution, 
throws down the ethylic benzhydroxamate in the form of an oil. 

This compound, like its isomeride, exhibits slightly acid properties. A molecule 
of it is dissolved by 1 mol. potassium hydroxide, and the resulting solution gives 
precipitates with silver, mercury, and lead salts. The silver salt, (C^H®0)lTAg.OC*H^, 
is a white precipitate easily decomposed by heat (Waldstein). 

This ether, (^^eated in a sealed tube with excess of hydrochloric acid, is resolved 
into benzoic acid and the hydrochloride of ethylhydroxylamine : 

o^hso.nb:.oc2H5 + mo = c^hso.oh + ncc2H«)H20. 

The latter compound is produced in like manner, together with ethyl benzoate, from 
the ethylic ether of ethylbenzhydroxamic acid (p. 1080). 

EthylTiydroxylamim hydrochloride, is a crystalline substance 

which deliquesces in the air and dissolves easily in absolute alcohol. It is precipitated 
from its alcoholic solution, on addition of ether, in large pearly laminse. When heated 
it melts and decomposes, evolving gas. Its solutions exhibit many of the reactions of 
hydroxylamine, reducing silver, mercury, and copper salts, and also chromic acid in 
alkaline solution. The ^latinochloride, 2[N(0^H*)H20,HCl]PtCl‘‘, formed by mixing 
alcoholic solutions of the hydrochloride and platinum tetrachloride, is deposited as a 
yellow crystalline powder on adding ether to the solution. It dissolves easily in water 
and absolute alcohol, and crystallises therefrom in prisms on evaporation (Lessen a, 
Zanni. — Waldstein). 

Methylic Ethylbenshydroxamate, O^H®O.N(C2H5).OOH^ is prepared, like 
the corresponding ethylic ether, by the action of methyl iodide on ethylbenzhydroxamic 
acid dissolved in alcoholic potash (Lessen a. Zanni), or on the silver derivative of 
ethylic benzhydroxamate (Waldstein), It closely resembles its ethylic analogue, and 
is resolved by hydrochloric acid into ethyl benzoate and methyl-hydroxylamine : 


C^HsO.N(C‘H«),OCH3 + H^O = C^H^O.OC^Hs + N(CH:3)H20. 

Methylhydroxylamine hydrochloride, K(OH®)H^O.HCl, foimed in the reaction just 
mentioned, closely resembles the ethyl-compound. It crystallises from a hot saturated 
solution in alcohol in flat prisms. The chloro^latinate, 2N(CH*)H"0.H01.PtCP, dis- 
solves very easily in water and alcohol. It is precipitated from^ its alcoholic solution 
by ether as a crystalline powder, and is deposited from its solutions on evaporation in 
large flat orange-red prisms or tables. 

Ethylic methylhenzhydroxamate, C’'H®0,lSf(CH*).OC“B[®, prepared by the action of 
ethyl iodide on methylbenzhydroxamie acid dissolved in alcoholic potash, is a mobile 
liquid having an agreeable aromatic odour ; when decomposed by hydrochloric acid, it 
yields methyl benzoate and ethylhydroxylamine : 

C’H®O.N(CH»).OC2H5 + mo - C’H^O.OCH^ + N(G2H®)H20. 


Anls- and BianisliydroxamJc Acids (Lessen, Liebig's Annalen, clxxv.^ 284). 
These acids are produced by the action of anisyl chloride on an alkaline solution of 
hydroxylamine hydrochloride. From the crude product, water extracts anishydrox- 
amic and a small quantity of anisic acid, the rest of the latter, together with the 
dianishydroxamic acid, remaining undissolved. The first two acids^ may be separated^ 
either by conversion into barium salts (the anishydroxamate being insoluble in water) 
or directly by means of ether, which dissolves the anisic acid with only a very small 
quantity of the anishydroxamic acid. 

Anishydroxamic acid crystallises from boiling water in colourless laminse, 
which easily acquire a reddish tint from the presence of slight impurities. Its normal 
melting point is 156°-157°, but it melts between 140° and 150° when kept for some 
hours at that temperature. It dissolves readily in alcohol, is nearly insoluble in ether, 
Quite insoluble in benzene. Its solutions, even when sHghtly acid, produce a violet 
colour with ferric chloride. Its acid potassium salt, M C^H^O^)HKO.N (C^H ^Oy ^O, 
is somewhat sparingly soluble and crystallises in fiat needles (Lossen).^ When a 
solution of lead acetate is gradually added to a solution of this acid potassium salt, a 
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precipitate is formed which at first redissolves, but afterwards bocomos permanent. 
A solution filtered from the precipitate formed in tlio first insfcaTieo, was oiieo ol)8uiTed, 
when left at rest, to deposit colourless shining needles having the sa,mo iu)mj)usition as 

]S'(0”J1'^0")1TO* crystallised s.'ilt cennot 

ho recrystallised from waticr ; when boiled witli water it gives ii]> a smell t|naiit,ity of 
lead and traces of anishydroxamic acid. When heated, it sudtlonly decomposes, with 
formation of acetic acid, and perhaps of amidanisoxl (N. IJuilges, Anmdcn^ 

clxxxii. 218). 

An acetO’-hmshjdTO'inaU of lead, having the composition, 

is obtained when a concentrated solution of load acetate (0 grams to 40 c.o. H-O) is 
mixed with a solution of 1 gram of potassium benzbydroxamato (Ilodgos). 

Dianishydroxamic acid, C‘*H’0".NH.0C“HW, crystallises inncodlcs melting 
at 142°~143°, slightly soluble in ether, insoluble in benzene. By Caryta* water in 
excess it is resolved into anisic and anishydroxamic acids (Lessen). 

Ethylio Bensanishydroxamate, C’'H®0.]S'(C“H^).0(C'^HW), is formed by the 
action of ethyl iodide on an ethereal solution of potassium bonzanishydroxamate. 
It crystallises in rhombic tablets, melts at 09°, and is resolved by potash into ethyl- 
benzhydroxamic and anisic acids : 


C^H»O.N(OTP).O(C«H^O'0 + - CtH^O.K.C-IP.OII 4- C«]PO-.OTr; 


and by potash into benzoic acid, anisic acid, and ethylhydroxyl amino : 

C’'H»o.N(C“n®).o(OTPO“) 4- 2IPO = cnpo.oji: 4- c^ir^o-.oii 4^ ;n(c-j(^‘)B“0. 

Ethylic AnishenzJiydfoxaoiiate, (C-‘^ir()“)N(C“ll‘'‘).OOniH), prepared in like 
manner, crystallises in prisms; molts at 70°; is deeompoHed by -})t)ta,sh into eihyl- 
anishydroxamic and benzoic acids, and l)y hydrocldorie acitl into benzoic acid, anisic 
acid, and ethylhydroxylamino (Eiseler). 

Clnnamliydroxamlc Acid, C’E’O.NIT.OIT, is rormod, tngelher with dicinnam- 
hydroxamic and cinnamic acids, by the action of cinnamyl (ddoride on bydroxylamiuo 
in aqueous solution. It molts at 110°, disvsolves sligldly in (‘old, more fi-<Hdy in hot 
water, easily in alcohol and ether, but is iusolulihi in iumzeim. Uh Holulhm (‘olours 
ferric chloride deep violet. The acid potammi mlt, (0”lP())NH<)K.(0Ub’())NMI()H, 
and the corresponding sodiwn salt, form (iasily doconijmsibU^ yellow (sryHtals. The 
barium salt is a sparingly soluble yellow erystalJim^ powchu* which, when 'heated, gives 
oifif carbon dioxide and ammonia, and yields traces of <1 basic (iompound. 

Bicinnamhydroxamic acid, CWO.NJr.OCni^O, is sbiglitly soluble in ether, 
insoluble in water, and crystallises in prisms or lamime wliitdi melt at 152°, and are 
not dissolved by baryta-wator. Its salts, wlien once separated from acjmuais solution, 
are no longer soluble in water. The potassium salt is decomposed by boiling with 
water, and converted for the most part into einiiJimato. When the aeitl is lieidiMl to 
incipient carbonisation, a rosin is formed, from which small (luantitics of a (‘rystalline 
powd(3r, melting at 290°, may bo extracted (Bostosld, IJcbids Annaku, 

clxxvin. 213), ^ j 


HYDROXYl-TOEil., = CON^IP(OH) (Lvif Bappl 725). Potassium 

and sodium donvativos of this compound are obtained, though not purti, by miximi^ its 
alcoholic solution with a solution of potassium or sodium oihylato, whereupon eoiuiiSess 
and often crystalline precipitates are formed, which rapidly attract moisture from the 
in a stream of air, appeared to have the composition 
CMN-O-.CH^NW. ^ A lead salt is obtained by adding lead aeetat e to an aqueous 
solution of the potassium salt till the precipitate redissolves ; the solution then deposits 
small colourless crystals having the composition (C“H=*0-)'“Pb.(CII=*N"0-)“Pb OIPN-O* 
A cupno salt is obtained by adding cupric acetate to the aqueous potassium salt a,s ji 

shining green mass, and has nearly the composi- 
tion 4CH-0uN-O*.C“H'*O“ (N. Hodges, Liebig's Annalcn, clxxxii. 314). ^ 

HVBROKVnXBTHOSSlYCmirrAMIC ACXB, 


C«H»(On)(OCH«).CH=:CH.COOH. 

of fculic^^W, obtained from asrfotida, aud produced «yn- 
atS^.^Tstf aodium-vamllm -with excess of acetic anhydride axid sodimn 
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K’SrBtmzXiXC ACIB, (Miirdoch a. Boebner, ix. 1102). The 

araiaomuni salt of this acid is formed, together with oxalic acid, carbon dioxide, and 
carbon monoxide, by heating air-dried crystallised alloxantin for three or four hours 
to 170*^ in a sealed tube. On acidulating the crude product with hydrochloric acid, 
and submitting^ it to factional evaporation, hydurilic acid separates out first, and 
afterwards oxalic acid. When alloxantin is heated to 170*^ in contact with the air, 
the oxalic acid produced is resolved into CO, CO^, and water, and the hydurilic acid 
remains in the foee state, especially if the heating be prolonged. Alloxantin heated 
to 170° with water does not yield hydurilic acid, inasmuch as the latter is decomposed 
by water at about the same temperature. 

Air-chied crystallised alloxan is decomposed at 170° in the same manner as 
alloxantin ; and experiment shows that it is not in the first instance resolved into 
alloxantin, parabanic acid, and carbon dioxide, but that the decomposition tahes place 
in the manner represented by the equation : 

+ lOH^O == -h C^H^O^ + lOCO^ + 400 + SNH®. 

illoxan, heatedi^o 170° in contact with the air, does nob yield hydurilic acid, since it 
gives up its water of crystallisation even at this temperature, and anhydrous alloxan 
is not capable of yielding hydurilic acid. 

When hydrogen^ sulphide is passed for several hours through a boiling aqueous 
solution of alloxantin, hydurilic acid is found amongst the products of reduction. 

HYGSiOPHIIiITB. A gi’een mineral resembling lithomarge, occurring in shaly 
nodules in the sandstones and siliceous conglomerates of Halle on the Saal, and in 
the coal-mine of Wettin. Hardness = 2. Sp.gr. = 2*670 at 18°. Two analyses, 
(1) made by dissolving the mineral in hydrochloric acid ; (2) by decomposing it with 
sodium carbonate, gave the following results, leading to the formula 2(B0.Si02) -l- 
3(AP0®.2Si0‘') + 5H-0: 

SiO® (0 A1®0® FeO CaO UgO Na®0 K®0 

(1) . 48*784 31*920 3*145 1*065 1*718(2) 5*673 1*364 9*015«102*684 

(2) , 48*061 32*193 3*383 1*241 1*718 5*673(®) 1*364(®) 9*015 = 102*648 

(^) With trace of TiO (®) Taken from No. 2. O Taken from No. 1. 

Hygropliilite is distinguished from the other minerals of the pinite group by its 
solubility in potash and in hydrochloric acid, its property of exfoliating in water, and 
its low specific gravity. The air-dried and pulverised mineral is capable of absorbing 
17 per cent, water. At 300° the air-dried substance gives off 4*5 per cent. H'-O, and 
at a bright red heat the loss of weight amounts to 8*697 per cent., which, when account 
is taken of the simultaneous increase of weight due to the conversion of FeO into 
Fe^O®, is equivalent to a loss of 9*037 per cent, water. Microscopical examination 
showed the existence of numerous green pores, from which gas-bubbles escaped when 
the mineral fell to pieces in water (Laspeyres, J, pr. Qhem. [2], vii. 287 ; Chem. Soc. 
Jour. 1873, 1207). 

KYOSC’STAM’Srs. In the mother-liquors of henbane (FT. niger), from which 
hyoscy amine has been separated, R. Buchheim has found an amorphous alkaloid which 
he designates as SiJceramne. 

On the Detection and Estimation of Hyoscyamine, see Plant-bases. 

H'H'PSRSTHEBrE. Des Cloizeaux (Jahrh.f. Min. 1874, 429) describes hyper- 
sthene crystals from a trachytic conglomerate from the Capucin (Mont Bore), agreeing 
exactly with the variety described by G-. vom Rath as amhlysiegite {2nd 8uppl. 65). 
They are accompanied by reddish needles of tridymite and zircon. Hypersthene has 
also been found, together with augite and oligoclase, in the lava of Santorin (Fouqu^, 
Compt. rend. Ixxxi. 220). 

HITPOCHBOBOUS ,acX3>. See Chlobine (p. 449). 

HirPOCS>AXiXiIC ACXD. This name was given by Matthiessen a. Foster to a 
modification of dioxybenzoic acid, C^H®0'*, which, according to their experiments, was 
obtained by boiling hemipinic acid with hydriodic acid (iii. 239). According to 
Beckett a. Wright, however {Chem. Soo. Jour. 1876, i. 174), the product thus obtained 
is not a distinct acid, but a mixture of opianie and hemipinic acids, perhaps wdth 
addition of protocatechuic acid (see Haecotine). 

BTPOirXTROXrs ACZB. See Hiteogen, Oxygen-acids of . 

BTPOPHOSPHOBXC and BTPOPBOSPHOKOBS AGIOS. See Peos^ 
PHOEUs, Oxygen-acids of. 

BTPOSUXiPBintOBS AGIO. See Sdlphtje, Oxygen-ACids of. 



1084 HYPOXANTHINE-IHLEITE, 

KTPOXAWTHllffE, C®H'‘N‘‘0. /Sbmwe.— This suhstance is formed by the 
action of pancreas ferment on blood-fibrin ; also, though in much smaller (^[tiantity, 
by the simple decay of blood-fibrin (Salomon, I^ct, x\. o7^1)» It is also produced, 
together with leucine, tyi'osine, xanthine, guanine, and carnino, in the decomposition 
of the albuminous constituents of yeast (Schiitzonborger, Bull. Soc. Ohm. [2J. xxi. 
204). 


I 


XCACXiar, The crystalline resin of Conima or Inconso-rosin (p. 565). 

XCB. I/arge masses of ice may be gradually penetrated at ordinary temperatures, 
and with the exertion of only slight pressure, by the meshes of^ fine Yiro-gauze. The 
ice thus penetrated has a structure similar to that of the wire-gauze, and incloses 
small air-bubbles disposed in columns. A block of ice fixed between two boards was 
in like manner traversed, without being permanently divided, by a loaded pendulous 
wire, the plane traversed by the wire being merely marked by a turbidity arising from 
small bubbles of air (J. T. Bottomley, Bogg. Ann. cxlviii, 402). 

Trom experiments on the plasticity of ice, F. Pfaff i^ihid. clr. 3 CO) infers that the 
slightest pressure is sufficient to displace the particles of ice, if it acts continuously, 
and the temperature of the ice and of the surroaudiug modium is near ilu' melting 
point. 

On the Optical Structure of Ice, soo Biirtin {Ann. Ohm. Bhys. [6|, xiii, 283 ; 
Chem. Soc. Jour, xxxiv. G32). 

XBOCRASB. This mineral occurs between Drammen and IConerud in Norway, 
in a very decomposed sotlimontary rock, crystallised and crystalline. Tln^ rock is 
penetrated by numerous hollow spaces formed by the weathering of corals, and the 
idocraso crystals lino those hollows, particularly tliose fijrmed by cyaihophyllii. 
These crystals are occasionally 1 cm. in height ; are always attached, and t'xhibii; the 
combination ooP . P . coPoo . 8P , 3P3 . Poo OP, SmalliT hollows, such as those 
formed by halysites, are filled with crystalline granular olivine and grass-green 
idocrase. Hyacinth-rod garnets accompany the idocraso (Broggor, Jahrh. /. Min, 
1876, 661). 

XBItTXi. This name was applied by Bddoker to a mixtAU'o of hydrocarbotis 
obtained by the dry distillation of an Idriaii quicksilver are (iii. 242). Cloldsohmieilt, 
who has lately examined this product, finds it to bo a mixture of anthracene, phon- 
anthrene, pyrene, chrysene, and lluoranlhone, for the last of which he rijtains the 
name ‘ idryP (see PLUOttANTHiSNiii, p. 724). 

XCS>ASVKXC ACXB. See Und Suppl. GG6. 

XKXiBXTB. An iron sulphate, occurring, together with other iniiiorals, in the 
graphite of Mugrau, Bohemia. It is amorphous, occurring either globular or ronitbrm, 
exhibiting in section a confused reticulated structure composed of fine lanu41;e and 
fibres, which, however, on microscopical examination, do not appear to be orystn-Hine. 
Sp. gr. 1-812. It is soluble in cold water, hut on warming it to 40'^ a bniii^ ferric 
sulphate separates out. An analysis of samples of this mineral yielded the following 
results, proving the constancy of the process of formation, viz, • 


so* 

FeO 

Pe-O" 

v^. 


AV^O" 

CaO 

H»0 

38-2 

2-1 




— 

36-5 = 100*3 

37-4 


"i?r 


0-3 

0-4 

35-G = 09*8 

37-2 

1*4 


"2?r 


0-3 

35-3 = 99*8 


Ihleite appears, therefore, to be a combination of ferrous and ferric sulphates, repre- 
sented by the formula FeS0‘‘.9F6®S-’*0^‘*+ 120H2O. The mineral which most nearly 
approaches it in composition is misy, which differs, however, from it in its lower 
percentage of water and higher percentage of sulphuric acid. Ihleito is of course 
a secondary product, formed by the oxidation of iron pyrites, the largest and i)est 
specimens being always found in the impure, hard, stony graphite (Sehrauf, Jahrh, 
/. Min. 1877, 252). 

XXiM:£:N‘XXnMt. See Niobium. 
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XAZZBOCAPSlirXiXC ACXB. See Caprylic acid (p. 381). 

3CmiB0SUX.PH03KrZC ACXB, =. NH(S0“,0H)2. Berglund (Per. ix. 

252), by acting on sulphuric hydrochloride, Cl.SO^.OH, with ammonia, has obtained 
a crystallised compound which he regards as the triammonic salt of this acid, 
N(jSrH‘*)(SO^ONH‘)% and as identical with crystallised ammonium 
sulphamate, NH^.SO^.ONH^ (v. 476; Eose’s Parasulphatammon ; Jacquelin’s sulph- 
amide, Bers. Jahresh. xxiv. 196). His reasons for assigning to it the more complex 
formula above given are that only two-thirds [? three-fourths] of the nitrogen is given 
off by boiling with caustic alkalis, the remainder only on ignition with soda-lime, — 
and that numerous derivatives of the compound in question may be formed containing 
2 at. S to 1 at. N. 

Imidosulphonic acid is, however, not bi- but tri-basic, the hydrogen-atom attached 
to the nitrogen being replaceable by metals, as well as those which are present in the 
form of hydroxyl. The acid forms, therefore, two classes of salts, viz. ‘ neutral salts,’ 
HH(S02.0E)^ (better called dimetallic\ and ‘basic’ or trimetallic salts, NE(S010E)2. 
All these salts are distinguished by the peculiarly close attachment of the sulphur to 
the nitrogen, sh<|wn, in the case of the ammonium salt, by the fact that part of the 
nitrogen is given off only on ignition with soda-lime, and in the case of the rest, that 
the sulphur is only partly removed by chloride of barium, even after prolonged boiling. 

The dimetallic imidosulphonates are, for the most part, easily soluble, and 
only the ammonium, potassium, and barium salts are cry stalli sable. The potassium 
salt, NH(SO^E)^, which is but sparingly soluble, is identical with Er^my’s sulph- 
ammonate (v. 482), and with the disulphammonate of Claus a. Koch (IszJ SuppL 1047), 
to which, however, these chemists assign the formula NH^S-O^K^, differing by 2 at. H 
from that given by Berglund. The latter regards Claus’s formula as inconsistent 
with the formation of the ammonium salt from ammonia and sulphuric hydroxychloride, 
and likewise with certain reactions of amidosulphonic acid. The alteration of the 
formula according to Berglund’s views would, however, involve corresponding altera- 
tions in those of the other sulphammonic acids described by Claus a. Koch, a point 
which cannot be decided without further investigation. 

The trimetallic imidosulphonates are much less soluble than the dimetallic 
salts ; they are for the most part crystalline, and are converted into dimetallic salts by 
treatment with weak acids. The ammonium salt, (NH'‘)N(SO“.ONH‘‘)^, agrees in 
composition with Eose’s formula 2NH®.SO^. The potassium salt, KN(SO^K)^.H®0, 
forms bulky crystals, probably triclinic. The sodium salt, NalNr(SO^Na)^+ 12H^0, 
forms large, micaceous, very efflorescent plates. The bamum salt, BaK"[(SO®)^Ba]^.5H^O, 
the strontium salt, SrN“[(SO^)2Sr]-.6H^O, and the calcium salt, CaN^[(S0^)^Ca]^.6H®0, 
are obtained as slightly soluble precipitates which quickly change to masses of small 
needles. The silver salt, AgN(SO=^Ag)^ is a white, slightly soluble, crystalline precipi- 
tate. The lead salt, PbNOH(SO®PbOH)^ is a white precipitate which soon becomes 
crystalline. When decomposed by hydrogen sulphide, it yields imidosulphonic acid, 
which is very unstable. 

Mercurimidosulphonates, HgK2(S0^E)* = (E0.S02)2K.Hg.K(B0^.0E)l — 
These salts, in which the mercury is very strongly combined, may be regarded as salts 
of the acid HgN2(SO^H)'‘, which may be obtained in the free state by decomposing 
the barium salt with an equivalent quantity of sulphuric acid.| HgN-(SO®K)^ crystal- 
lises from hot water in thin white very stable prisms ; HgN*(SO^Na)^5H^O is more 
soluble than the potassium salt. HgN-(SO®K)'''(SO®Ag)-.3H^O forms long unstable 
needles. forms microscopic needles. 

resembles the barium salt, but is more soluble. HgK2(S0®)‘‘Mg®.15H“0 solidifies 
from a syrupy solution in a radiate mass. Hg]Sr*(S0®)'‘Zn®.15H®0 resembles the 
magnesium salt. HgN“(S0^)‘‘NE.15H“O forms emerald-green bulky prisms. 
HgN*'2(SO’*)^Co2.15H20 is a red radio-crystalline mass. BigW(SO^yMn\10WO forms 
hard reddish unstable crusts. HgN-(S0®)-‘Cd2.12H20 forms hard, unstable, very 
soluble crusts. HgN'^(S0®)Cu2.15H20 forms rather unstable, very soluble, bluish, 
warty crystals. The basic mercury salt, HgK-(S0®)‘‘(Hg‘^0)^, forms microscopic nearly 
soluble crystals. 

Amidosulplioiiic acid, NH^.SO^H. The dimetallic imidosulphonates are re- 
solved by boiling with water into acid sulphates and amidosulphonates, the latter 
being also partly converted into double ammonium sulphates : 

KH(S03E)2 + H^O == NH^SO^E + SO^HE 
NH^SO^E + H^O « SOXNH^)E. 

The amido- and imidosulphonic acids cannot be separated by simple crystallisation, 
but the separation is easily effected by precipitating the imido-acid with baryta-water, 
in the form of a basic salt- Barium amidosulphonate is accordingly easily prepared 
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by boiling the ammonium or barium salt of the iraido-aeid with water, till it exhibits 
a strong acid reaction ; thou supersaturating witli l)ariiini hydxMto ; boiling the liquid 
continuously till all tho ammonia is driven oil'; filtering; removing the excess of 
baryta by carbon dioxide ; and strongly concontruXing tluj lilt,(»rt;d solution, whereupon 
the barium amidosulphonato is deposited in long beautiful noodles wliich have a silky 
lustre and are very stable (Borgliiud, Men 1870, 181)8). 

XlO'BXiiN' SRZSAB.. See Ltcoveudow. 

IWUICAW, On the Formation and Fxeretion of this substance in 

the animal orgaiiisiu, .see Noncki (Her. vii. lAlKJ ; ix. t!l)U; (Jkrm. /S'oe. .A xxviii. 479); 
E. Salkowsid (Bcr. ix. 188; 0/icm. Soo, J, xxlx. 900); JaJle Cciifi'. 1877, 078i 

Chem, Bog, J. xxxiv. 442). 

XJNrDXCATOBS. On Indicators in V'ohimotric Ana, lysis, see AisrAnYsis (p. 88). 

XKTBXGO. Formaiion of IndigoMuc in pUmU , — The forma, t, ion of t,his substance, 
C®H''NO, from the juice of woad and other pbints on exposure to tluj air, was formerly 
attributed to the oxidation of indigo-white, stipposed to <!xist in tho juice 

in a state of solution. Schunck, however, pointed out that this couF^ not bo the case, 
as the sap of plants is always acid, and indigo-wliito dissolves only in alkaline liquids. 
He further showed (iii, 250) that woad {Isatis tinctona) contains indican, 
a glucoside which, when boiled with acids, splits up into incligo-blue and a saccharine 
substance called indiglucin: 

+ 2EV ^ emmo + 

Indican, Indijduciu. 

Bocently {Manchedcr [3], vi. 218 [18771), Midinnek obtaimul indican 

from tho leavo.s of Foh/gonum ttudorlum, a plant iis(hI l)y the llhinc.se for the extrac- 
tion of indigo, ;uid fruru Jildia Taiikoro'ilUd, a,ii orchida,ceous plant, I he mode of 
preparation being simna,r to that formerly applied in the cane of W(iiid«leu,ves ; n,ud, 
lastly, indican has been de(,ucted by \\ Michda, in the Juict*. <4’ (,h(^ indigo-plant 
{Indigofcm tbictorUx). It may therefore be in fernKl tlnit in all (he plant.s known to 
yield indigo-bluo, the formation of this subst,a.iu*e is due to (he decomposition of 
indican in the manner a]H)ve mentioned. The cells of tJn^ fiawh lii!),vt'H of these plants 
do not contain any colouring mattiu’s except chlorophyll, and (,lie conversion of 
indican into indigo-bluo takes place only when tin* vita,lity of tlurn'clls is dostroyod 
by cold, by organic lesions, such as tho l)i(us of insecinS, or l>y liic action of chemical 
roagoats. When tho cut end of a sprig of Pol>/gi>Hi(iih t'nidorh(oii was imiiu*rsed in 
dilute hydrochloricyicid, and tho si)rig wms loft for Hev<'ral days (sxpo.sed to t he sun 
and air, cho acid was gradmdly absorhed, and passi'd, ujiwards t,iU it n'aehed the 
uppermost leaves, its course being luarkod by a change of colour in the leaves from 
fresli groon to dirty yellow, and afterwards to dark blue. 

When an aqueous solution of iiulicau is boiled or left to stand for some timo, it 
undergoes a complete change, anti if tlum decompostul by a,ciilH, yitdd.s, no hinger 
imligo blue, but imligo-red and other products (comp, iii, 247). On' one ocwision an 
alcoholic extract of dried woad-lcaves in wliich tin* indican ha,tl untlt'cgone partial 
decomposition by long standing, yicldod, ou ovaporjitaon, a (piautity of a substunco 
wliidi exhibited all the proportios of tyrosine. Tlie ihrmation of (his body from 
indican may bo ruproaontod by the equation : 


+ 4ITO = C"H»»NO'‘ P 2C«JT4«0« P 2C“n<0- p 00- 

Iiiiiicau. Tyrosine. ludiglitein. 


Bynthesis of Indigodduc . — Oousidorablo doubt appoar,s to oxi,Mt respecting 
tho formation of this substa,nce from liquid nitro •acetophenone, as announc('d by 
Emmeriing a. Englor (2?ii Buppl, Wichelha,ns (i>'m ix. 1100), following the 

directions given by these chemists, failed to obtain it. Emraorling a. Engler, on the 
other hand {ibid. 1 422), maintain the correctness of their former statement, but add 
that, on repeating their experiments, they have not been able to reproduce tho syrupy 
nitro-acetophenono from which tho indigo-bluo was obtained. 

The synthesis of indigo-blue from compounds of the coal-tar group may howovor 
be effected in a different way, viz., through the medium of oxindolo and isatin. 
Phenyl-acetic acid, C®H*.OH'ACOOH, added to fuming nitric acid warmed on a wator- 


bath, is converted into orUionitrophonylacotic acid, 


which by 


redxiction yields the corresponding amidophenylacotic acid, tho anhydride of which, 

< CHACO 

I , is identical with oxindole, This last compound may be converted by 
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the action of nitrons acid into nitrosoxindoie, ^ 


.GH(KO).CO 


, which by reduction 


>CH(NH0GO 

yields amidoxindole, | ; this, when oxidised with ferric chloride, 


\nh- 


oo.co 


cupric chloride, or nitrous acid is completely converted into isatin, j ; and 

isatin may he converted into indigo-blue by heating it with a mixture of phosphorus 
trichloride and pentaehloride,* whereupon hydrogen chloride is given off, and isatic 
/CO.CGi 

chloride, G®HX^ ^ , is formed, which, when reduced by heating it with phosphorus, 

or by treating its alcoholic solution with zinc-dust and acetic acid, yields indigo 
.GO.CH 

blue, G^H^ Saeyer, Ber, xi. 582, 1228, 1296). 


Beaction with S^dphur-comj^ou7ids. — E. Schaer {Ber. ix. 340) supposes that in the 
action of hyposulphurous acid, hydrogen sulphide, and hydrogen persidphide on indigo- 
blue, colourless molecular compounds are formed from which the indigo is regenerated 
by all the reagents (sulphurous acid for example) which destroy these sulphur-com- 
pounds. Indigo solution is decolorised by the compounds of hydrogen persulphide 
with strychnine (see Alkaxoids, p. 56). 

Esti^iiation. — A. Muller (A?wcr. Cheonist,'^. 128) estimates indigo-blue by the 
decolorising action of hyposulphurous acid. The titration of the acid with cupric 
sulphate, and the performance of the estimation with complete exclusion of air, are 
effected in the manner already explained with reference to the estimation of oxygen 
in blood {27id 200). Muller finds that 1 mol. CuSO* requires, to decolorise it, 

exactly the same quantity of hyposulphurous acid as 1 mol. of pure indigo-blue. 

On the Compounds of Indigo-bkie with Metallic Salts, see W. Skey (^Chem. News, 
XXX. 33). 

JDyemg and Brmting with Indigo. — ^A new method of preparing an indigo-vat, 
founded on the rapid reduction of indigo-blue in alkaline solution to indigo-white by 
sodium hyposulphite, is described by Schiitzenberger a. lie Ealande {Bull. Soc. Chim, 
[2], XX. 7). Into a solution of acid sodium sulphite of 30°~35® Bm. contained in a 
closed vessel, are introduced rolled strips of zinc-foil, or granulated zinc, in quantity 
suificient to fill about a fourth part of the vessel, and yet to be distributed through 
the whole mass of liquid. After the action has gone on for about an hour, an excess 
of milk of lime is poured into the solution, whereby the dissolved zinc is precipitated. 
The filtered solution of sodium hyposulphite, Na'-^SO^, thus obtained is mixed with 
ground indigo, and a sufficient quantity of lime or soda to hold the resulting indigo- 
white in solution. 

The indigo-vat thus prepared is used cold for dyeing cotton, slightly warm for silk 
and wool. I’or printing, the above mentioned solution of indigo-white is thickened 
•with gum and mixed ■with excess of sodium hyposulphite. With this colour, printing 
may be performed in contact with the air with the ordinary machines, the oxidation 
of the indigo-white being prevented by the excess of hyposulphite present. The 
printed cloths are hung up in the air for twelve to twenty-four hours, and when the 
colour has thereby been developed, they are finally washed with soap. This process, 
compared with the ordinary methods, is said to effect a saving of 56 to 60 per cent, 
of indigo. 

Zndi^o Extract. The so-called ‘ Acid Extract of Indigo ’ is prepared by dis- 
solving 5 pounds of Bengal indigo in 30 pounds of oil of vitriol, leaving the liquid 
at rest for five days, then adding 40 gallons of hot water, and filtering hot through 
felt. The resulting solution digested for six days with 40 pounds of common salt 
yields a precipitate which constitutes the acid extract. To obtain pure indigo-extract 
100 lbs. of the acid extract are drenched with 12 gallons of water; the acid is im- 
mediately neutralised with soda ; and the resulting precipitate collected on a filter. 
Bradford {Chem. News, xxxi. 29). 

To estimate the value of such an extract, P. Hubert (fbid. 162) dries it at 100° 


^ Emmcrling a. Engler obtained indigo-blne from isatin by heating the latter in a sealed tube 
with a mixture of phosphorus trichloride, acetyl chloride, and a little free phosphorus i^nd SuppL 
666) ; but, according to Boeyer, this method does not yield a satisfactory result, the product consisting 
chiefly of indigo-purpurin. 
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and incinerates it. According to Girardin, there are three sorts of extract to be 
distinguisliedi sinfflSf doubl&f and tTi^lc. The mean composition of those is jus follows ; 


Simple Extract 


Water 
. 89*0 

Xndif^o 

4'9G 

Salts 

5*7 

Double „ 

. • 

, . 85*0 

1 0*20 

4*8 

Triple „ 

• 

. 73-7 

12*40 

13*9 

Hubert examined several 

such preparations made in 

Itlioims, with 

the following 

results : 

1 

2 3 

4 fi 

(} 

Water 

, 84*5 

80-7 82'fifl 

91*15 88*0 

87'2 

Indigo 

, 10*6 

fi-B 

(5 '05 8*2 

8*4 

Salts . 

. 4*7 

i’7 7-80 

2*85 5*2 

4*4 


A sure criterion of the value can however bo obtained only by t/imdorial experi- 
ments. b’or this purpose wool is dyed %vith a solution of 1 gram of indigo- carmine 
in a litre, and then moro or loss decolorised by a solution of permanganate containing 
0*5 gram of that salt in the litre. ^ 

Xndigro-redi. According to observations by Kencki (Ber, vii. 1593), the urine of 
men and dogs, whose food was mixed with isatin, contained a colouring matter appa- 
rently identical with the indigo-rod or urrhodin describe<l by Heller, 

Xndigosulplioxilc iicld, C^H'^NO.SO^, or 0”H'*]Sr0.S0'’H. A peculiar modifica- 
tion of commercial indigosulphonic acid (commonly called indigosiulpkufio acid) has 
been observed by S. Lupton {(Jhem. JS'ews, xxx. 215). The acid liad assuint'd a chrome- 
green colour, and had deposited a purple sediment wliicli disHoIvod in waiter with 
blue colour, and was not altered by sulphurous acid. The chronm-groon solution, hy 
wliicli the violet end of t.ho sp('.c(.rum was considerably shortened, gave a dirty whitio 
proedpitato with barium chloride, and was decolorisisd by bromine-wat<'r, a!ul by 
pota,ssium dichromato immodia.tcly, ])y dilute nitric atud only on boiling. •Sulphurous 
acid instantly changed the colour of t.he solution to indigo-blue. The green litpiitl 
hd't, on evaporation, a green amorphous reHi<luo eusily solul)l<> in water and in alcohol 
(Berzolius’ Viridbisnlphuric acid ?) A similar green coloration, accotnpanicul by the 
separation of a purple precipitate, was obs(!rvod on adding a fi'.w drops of a solution 
of potassium dichronmto to a dilute solution of indigosulphonic acid mixed with 
hydrogen dioxide. 

XIKTBXUXVX, This mineral havS been found by J. A. Taainor {Chem. Nnoff, xxx. 
141) in mixtures of ore consisting mainly of calamine mixt'd with a considerablo 
quantity of silicootis calamine (Kmehmk). A specimen from Wytluj Uounty, Virginia 
showed a very faint indium lino ; another from Leadvale, Tennessee, gave a distinct 
reaction. Calamine very rich in indium is found in the Onola mines in tlie Province 
of Bergamo (A. and G. do Negri, Gaez, chhu ital, viii. 120). 

Spectrum. — Olaydon a. Heycock (PM. Mag. [5], i. 17{>), bypassing the induction- 
spark between poles of indium, have obtained a spectrum of six(.<mn lines, including 
only the two more refrangible of the throe known linos which are developed by tke 
volatilisation of the chloride ; the other fourteen linos correspond with longer dura- 
tions of vibration. 

Indium In^Cl®.6PtCl'^ + 301-PO, forms honcy-yollow oblique four- 

sided prisms, with oblique ond-facos. They quickly deliquesce on exposure to the air, 
and give oflf half their water at 100*^. 

vCmCH 

SdSTBOlil!, C®H^N = ^ . Formation and Breparation. — 1. From 

Indigo. Engler a. Janccke {Ber. ix. 1411) confirm the statement of Baoyer 
{Tjifhig*$ AnnaUny [1869], Suppl. vii. 56) that, in preparing indole from indigo, it is 
more advantageous to convert the indigo into isatin, dioxindolo, and oxindoie, and 
reduce the oxindoie with zinc dust, than to treat the indigo with tin and hydrochloric 
acid, and subject the yellow product to the action of zinc dust (comp. Ut SicppL 733), 

2. From Aniline-derivatives. Indole is formed when ethyl-aniline, diethyl- 
aniline, methyl-ethyl' aniline, ethyl-acetanilido, dimethyW-tolixidino, or cliotliyl-o- 
toluidine is passed through a red-hot tube ; the first yielding only traces of indole ; 
the second, third, and fourth, rather moro ; the fifth, a moderately abundant product, 
and the last a considerable quantity. From the brown oily liquid which colloets in 
the receiver, the indole may be separated by means of picric acid, with which it forms 
a crystalline compound decomposiblo by ammonia. Biethyl-o-toliiidino tlms treated 
yields from 3 to 5 per cent, of pure indole. Diethyl-^^-toluidine yields none (Baoyer 
a. CarOj Ber. x. 692, 1262). 
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3. From Albumin. Commercial albumin is mixed witb water, and the finely 
divided pancreas of an ox (carefully freed &om blood and fat) having been added; 
the whole is kept at a temperature of 40° to 45® for sixty to seventy hours. The 
liquid is then left to cool, and strained through linen. It is next acidified with acetic 
acid and distilled on a sand-bath till only one quarter remains. The distillate is 
mixed with lime-water to alkaline reaction, and shaken up with an equal volume of 
ether. The clear ethereal solution leaves on distillation a reddish oil with the 
characteristic smell of indole. This oil, when mixed with a little water, solidifies to 
a crystalline mass, which, on recrystallisation from pure water, yields pure indole melt- 
ing at 52° (Nencki, Bet. viii. 336). Kiihne {ibid. 206) likewise obtained indole by 
digesting albuminoids with pancreatic infusion ; by distillation of decomposed 
pancreatic juice ; and by heating dry albumin to redness with eight times its weight 
of potassium hydroxide. According to Engler a. Janecke (ibid, ix. 1411), blood- 
albumin and egg-albumin treated by this last method yield 0-25 per cent, casein, and 
gluten only OT per cent. ; gelatin, and creatine only traces of indole. Hence it appears 
that the greater the proportion of loosely combined nitrogen in the proteid, the 
smaller is the (Quantity of indole producible from it; on the other hand it was found 
that the residues of blood-albumin, after treatment with baryta or hydrochloric acid, 
yielded scarcely any indole on distillation with potash. 

Projperties and Reactions . — Indole (from indigo) boils with partial decomposition 
at 245°~246°, but volatilises completely without decomposition at 218°. Its vapour- 
density (determined in naphthalene-vapour, b. p. 218°) is 4'45, showing that the 
molecular formula is C®H’N (Nencki, Ber. viii. 1517). The indole obtained from 
other sources has the same vapour-density, the volumes occupied by equal weights 
being found by experiment to be, for indole from indigo (I), from blood-albumin 
(II and III), and from egg-albumin (IV), — the last three by fusion with potash — in 
the following ratios : 

I n ni IV 

1 : 0995 : 0-923 : 0-908. 

Nevertheless, the product obtained from albumin by fusion with potash is not 
identical, but isomeric, with that which is formed by reduction of indigo, or by pan- 
creatic digestion of albuminoids, as it differs therefrom in melting point and in its 
behaviour with oxidising agents ; for distinction therefore the product obtained by 
the action of melting potash on albumin is caffed pseudo-indole. The dilferenees 
between the two modifications are as follows : 

Indole melts at 62° ; pseudo-indole at 85°-86° (Engler a. Janecke) ; 8S°-89° 
(Kiihne ; probably impure). Indole from indigo suspended in water and subjected 
to the action of a stream of ozonised oxygen, is converted into indigo-blue, together 
w'ith resinous products (Nencki, Ber. viii. 1617). Indole is also oxidised to indigo- 
blue in the animal organism, indigo-blue appearing in the urine after subcutaneous 
injection of indole (Nencki, ibid. vii. 1593). Pseudo-indole treated with ozonised 
oxygen as above is converted into a yellowish-brown substance having an odour 
different from that of indole, and not yielding any blue insoluble colouring master 
when treated with ether. Indole treated with chromic acid immediately yields a 
bulky violet-brown precipitate, which is insoluble in ether, chloroform, and benzene, 
dissolves sparingly and with red colour in alcohol and aniline, easily and with violet 
colour in concentrated hydrochloric acid. Pseudo-indole, treated with chromic acid, 
gives, only in concentrated solution and after some time, a reddish-yellow precipitate, 
w^hich is nearly insoluble in ether, cliloroform, and benzene, but dissolves with yellow 
colour in aniline and in hydrochloric acid. Pseudo-indole gives with nitrous acid a 
precipitate, which, when treated with alkalis, does not emit the odour of indole. 

Another isomeride of indole is formed, together with a non-azotised body, by the 
action of ammonia on chlbraeetyl-benzene, C®H®.CO.CH“Gl. When this compound is 
boiled with aqueous ammonia for about an hour, or heated with it to 140°-150° in a 
sealed tube, it is converted into a deep red liquid which solidifies on cooling, whilst 
the whole of the chlorine remains in the aqueous solution in the form of sal-ammoniac. 
From this red product, ether separates two compounds, one of which remains undis- 
solved when the red substance is digested with ether for a short time, while the other 
dissolves in the ether and separates slowly therefrom. 

The former of these, which is formed in small quantity only (8 per cent, of the 
chloracetyl-benzene), is the i s o - i n d ol e. It is insoluble in water, very slightly soluble 
at ordinary temperatures in alcohol, ether, benzene, carbon disulphide, and glacial 
acetic acid, and crystallises from the hot acetic acid solution, also from boiling alcohol, 
in serrated colourless laminae having a silky lustre, and consisting of aggregates of 
broad pointed needles. It melts at 194®-196°, and sublimes in nacreous laminae. It 
dissolves in strong hydrochloric acid, and separates therefrom in the crystalline state, 
VoL. VIII. i B 
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partially on cooling, immediately on dilution (Staodcl a. Eiigheimor, Ber, \x. ,563, 
1758). 

mtroso-di-indole, O^«E0»(NO)N'-.— This compound, commoiny called nitroao-^ 
Mole, is not known in the free sUte, but its nitrate, 0“'H'=*(NO)N",NO='J1, is obtained 
by adding to an aqueous solution of indole (pi’Opared by pancreatic digestion of 
albumin) a few cubic centimeters of hydroclilorii*. acid, and a largo quantity of nitric 
acid, freed by evaporation from too groat an escosH of nitrous acid, and distilling the 
mixture. This nitrate dissolves readily, ami wit.U dark colour, in alcohol, b^sH easily 
in ether, and is nearly insoluble in water aeidulat(Hl witli nitadc atdd, li decoruposes 
when dried in a vacuum, and detonates sharply when heated. Kroe nitroso*di-iudolo 
has not been obtained. The liydrochlorkie forms red, aniui'phous, V('ry mist abb' flocks 
(Nencki, Ber, viii. 1070). 

^ 0'dP''‘N -NH 

Hudraso-di-indole, I , is readily formed by the 

^ ^ cmm-mi 

action of reducing agents, e,^, alcoholic ammonium sulphide, on the nitroso-eompound. 
It dissolves in alcohol and in ether, crystallisoH in shining yellow neerflovS, and melts 
at 140° to a deep blue mass which, at a higher temperature, gives off ammonia and 
chars. Hydrazo»di-indole dissolves with yellow colour in strong sulphuric acid, the 
solution turning red when heated. Acids and alkalis convert it into a dark-brown 
colouring matter, regarded by Nencki as a zo indole. 

IWBOXIMTS, O’WW (Schiitzeiiborgcr, Comyt, <mid.lx:xxY, 147). This poly- 
meride of indole is obtained by hearing indigo-bluo with ‘2 pts. barium hydrate, 
l.i zinc-dust, and 30 water to 180°. On exliatisting the preduct with alcohol a.u(l 
evaporating, a dark-colourcd rcsiuou.s substanco romains, brittle at ordinary ttuupera- 
tures, but softening oven ladow 100° ; and on heating tiiis resin with ziuc«dust, tndoline 
sublimes in long pale yellow shining needlos. It nudts at about, is insoluble in 
water, but soluble in alcohol and ether, to which it imparts a bluish lltior('.S('ence. It 
possosBes basio properties, and yields with acids crystallisable salts mostly insoluble 
in water, 

The^mmzfe, O*®lI*'‘N^CTP(NO“)’T0, is slightly sol nblo in alcohol, indolinc dis- 
solves in hot hydrochlorb acid, and the solution forms with plafiiiio chforith' a brown 
granulo-crystallino precipitate. The suhitioii of indoHno in strong safphune (tad 
exhibits a blue fluorescence, and, on exposure to the air, deposits indolint' sulfihatc in 
brown crystals. Indolino is partly decomposed by sublimation, yielding crystals, some 
of which resemble authracono, while othcr.s are likt' autliraipiinone. 

If the heating of indigo with luiryt’a-solution lie iut<'rruptcd Indbrc the react ion is 
complete, the solution will bo found to contain, together with induline, a substance 
which, on exposure to the air, is deposited in red lloi'ks having the composition 
This body dissolves in alcohol, and sepiu’at.t's therefrom in red crystalline 
granules ; also in dilute hydrochloric acid, with red colour, and is precipiUiteil by 
ammonia. 

XITK* According to K. Bottgor (N, Hep. Pltarm., xxiii.’ 47), an excellent blaek 
ink is obtained by triturating 1 pt. pyrogaliol, 8 pts. finely pounded gum-arabic, and 
3 pts. neutral ammonium vanadate, with a suitable quantity of cold j'ain-water. 

Bottger (pingl.pol. J. ceix. 170) describes an indelible ‘ink prepan'ti liy triturating 
1 dram of aniline black with a mixture of 00 drops of strong hydnudiloric acid ;ind 
Qz. alcohol, and diluting the resulting deep blue solution wifh a hot Holution of 
1| drams of gum arable in 3 ozs. of water. This ink does not titttick stuid })c.ns, anil 
is" not destroyed either by acids or by alkalis. If the solution of aniline blaek be 
diluted with a solution of § oz. shellac in 3 ozs, spirits of wiiio, ;in excellent varnish 
is obtained for wood and metals. 

Coloured Itilts. — A good red ink is said to be obtained by triturating carmine 
with water-glass solution, and adding sufficiout of that solution to make the ink run 
well from the pen. The ink must bo protected from the air, best in a bottle closed 
with a cork soaked in oil. The writing dries very quickly (Pingl. pol, J. ceix. 3 Id). 

The following coloured inks are described by 0. H. Viodt (ihid. ccxiv. 167). Red 
ink may be prepared by dissolving 1 pt. anhydrous fuchsine in 150-160 pts. boiling 
water, and, if the ink runs too easily, adding a solution of 3 pts. gum-arabic in G pts. 
water. Blue ink is a solution of 1 pt. anhydrous aniline blue (bleu de mtU) in 200- 
250 pts. water. Violet ink is prepared by dissolving 1 pt. blue-violet aniline in 
about 300 pts. water. This ink is very sensitive towards ordinary copying ink made 
from logwood extract if a pen which has been used for copying ink bo dipped into 
the violet aniline ink just mentioned, the writing imraocliately boeome.s pale and 
granular, (3-reen ink is prepared by dissolving 1 pt. iodino-greon in 100-1 3 0 pts. >vater, 
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Yellow ink is best prepared by dissolving 1 pt. picric acid in 120-140 pts. water. 
As copying inks, these inks cannot be recommended. The characters made with them 
are indeed soluble in water, and may therefore be transferred to damp paper ; but the 
writing is, for the most part, not strong enough to yield a legible copy. If the strokes 
are made very thick, they exhibit on drying the well-known metilic lustre of the 
aniline dyes. 

XltTOSZTS) H. Vohl, by treating this substance with strong nitric 

acid (sp. gr. l'o2), obtained Jiexnitroinosite^ C®H®(N0-)®0® (iii. 276). Further experi- 
ments have shown that trinitromodte is formed at the same time. Finely pulverised 
anhydrous inosite is added, with continual stirring, either to well-cooled strong nitric 
acid, or to a cooled mixture of 1 mol. nitric and 2 mol. strong sulphuric acid. In the 
latter case, the inosite is quickly converted into a sandy crystalline mass ; in the 
former case, the same substance is precipitated on addition of sulphuric acid. By 
washing this product with water and dissolving it in boiling alcohol, a solution is 
obtained which, on cooling, deposits hex nit ro-ino site in tablets and prisms ; and 
the mother-liqi^or yields by spontaneous evaporation, first white concentrically grouped 
needles of trinitroinosite, C®H®(N0-)®0®, afterwards a gummy mass, from which 
inosite is reproduced by the action of ammonium sulphide (Berl. Ber, vii. 106). 

Fetmentation of Inosite. — ^According to Hilger (Ilnd Su;ppl. 669), the lactic acid 
formed in the fermentation of inosite is ethylene-lactic (paralactic) acid ; Vohl, on 
the other hand, finds that it is identical with ordinary lactic acid (Ber. ix. 984). 

XZfiTSZICT-POWBBB. E. Bother (Pharm. J. Trans. [3], vi. 781) finds, in the 
insect-powder obtained from PyTetTirum caucasicwn, rosetim^ &e. (1) a resinous, 
greenish-yellow acid, which he calls Persicein ; (2) a light brown acid, Persiretm ; 
and (3), an easily soluble acid, Persidn. This last, which appears to be the active 
principle of the powder, is a glucoside, easily ^plit up by boiling with dilute acids into 
persiretiii and sugar. 

xxrsoXiXmc jelcxxi. See Tbrephthaiic acid. 

xmt'VTSRTTN, The sugar-inverting constituent of yeast. See Ferments (p. 784). 

ZlXrVEBT-SUGAR. See Sugar. 

XOBINS. Occurrence . — According to H. Zenger {Arch. Pharm. [8], vi. 137), 
iodine is found, together with bromine, in fresh-water plants. According to A. Gruyard 
(Bull. hoc. Chim. [2], xxii. 60), the iodine sometimes present in saltpetre is in the form, 
not of potassium iodate, but of sodium iodate or iodide, sometimes of sodium 
periodate. 

According to Stanford (JDingl. pol. J. dassNi. ) Chem. -Sbc. Jbzir. xxxiv. 169), 
kelp contains about 0T6 per cent, of iodine. Seaweeds possess the power of taking 
the iodine from the sea- water, but in different degrees, as shown in the following 
table ; they take up ten times more iodine than bromine. 100 parts of dried algse 
contain : 



Sarptat 

Schweitzer 

Godecliens 

Wallace 

Stanford 

Laminaria digitata . 

0*135 

— 

0-625 

0-4440 

0-^535 

0-2946 

„ saceharina 

0*230 

3*880 

— 

0-2880 

0-2794 

Fueus serratus .... 

0-124 

0-058 

0-177 

0-0565 

0*0856 

„ nodosus .... 

— 

— 

0*074 

0*0396 

0-0572 

„ vesiculosus 

0-001 

— 

— 

— 

0-0297 

Zostera marina .... 

0*0005 

— 

— 

— 

0-0457 

Ehodomela pinnastroides . 

' — 

— 

— 

— 

0-0378 

Hyderix siliquosa 

— 

— 

— 

— 

0*2131 

Hymanthalia lorea . 

— 

— 

— 

— 

1 0-0892 

Ohordaria flagelliformis 

— 

— 

— 

— 

0-2810 

Cladophlora glomerata 







According to Sonstadt, the iodine in sea-water is in the form of calcium iodate, 
1 part of which is contained in 250,000 parts of the liquid {find Stcppl. 671) and 

since the equivalent weight of calcium iodate is ^ ^ — Tib it follows that 

1 pt. of iodine is contained in 250,000 ^ ^ = 336,610 parts of sea-water. 

Preparatioji. --The manufacture of iodine (and bromine) from the mother-liquor of 
^ 4 B 2 
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kelp, aa now practised in Grlasgow,* is described by Mr. Stanford (loc, cit,) as ibllows : 
The liquor, having a density of 85 to 05 Twaddle, is mixed with one-scvonth of its 
weight of oil of vitriol (145 Tw.), and loft for 24 hours, whereby the sulphur-compounds 
contained in it are decomposed, and sulphur is precipitated. The liquor is then dis- 
tilled with manganese dioxide in an iron still having a louden cover and two arms 
connected with two series of stoneware cells, in which the iodine condenses in hard 
masses. After all the iodine ha, a passed over, more ina-nganese dioxide is added, the 
leaden arms are connected with another cotidensing apparatus, eithtn* of leail or 
earthenware, and the ]»vomino is collected tliorcin, 

Tieactmis . — With (Uilorino. (S. fc^odini (G'lZi:, ehirn,' Ual, 1875, 831), from 
experiments on the manner in which, 1-ho antioii of ehloj*im> on iotlino in presence of 
water is aifectoci hy the quantity of the latter, linds that, t,<) ensure t.lie complete con- 
version of the iodine into iodic acid, according to the equation, 

I- + 5Cl- -1- OH-0 - 210^11 lOHCl, 

there must be at least 20 pts. of water present to 1 pt. of iodine. With a smaller 
quantity of water, the quantity of iodic acid formed decreases, {ind corresponding 
amount of iodine chloride is produced ; and when only the theoretical quantity of 
water indicated by the preceding equation is employed, scarcely a trace of iodic acid 
is produced. 

With Ozone. According to J. Ogier (^Compt. rmdA's.xxr. 957), this reaction , 
yields, besides iodic acid, an intermediate product having the composition 1*0''* (p. 1095). 

With Palladium Chloride and Potassi urn Kerrocyanide. When iodine 
in alcoholic solution or in fragments is added to an aqueous solution of potassium forro- 
cyaiiide, it is not precipitated on addition of palladium I’hloride, but the y<dlow colour 
of the liqxiid changes to a gretm, whic.h becomes particubtrly bright oti hoiUing, juul is 
duo to the formation of palladium ferrotiyaiiide. A solid ion of potassium ferrocyauide 
likewise divssolves iodiiKS which then also is uo longer pri'capitattul by palfadium 
chloride. In these solutions iodine cannot he <hd.<‘eted by numns of starch ; neither 
can it he separated from bromine and chlorine by means of palladium chloride in 
presence of potassium ferrocyauide (8. Kern, i'hvni. Ntim, xxxUi. 184). 

Altemtmi of Iodine jt/V/c/jere.—This tincture (alcoholic Sf>lutif)n), when kept for 
some time, is found to contain hydriodic acid, the quantity of whidi may imdet.ermincd 
hy diluting the tincture largely with W'atcr, so a,s to precipitate the gri^atcr part of the 
iodine, then treating the filtrate witli barium carbonate, and estinnuing the dissolved 
barium iodide, A tincture ton yuai’s old was found to contain PI 2 per cent, hydriodic 
acid (P. Carles, Pharm. J\ 'Trans. [8], vi. 88). 

Detection and Estimation. — On tln^ estimation of Iodine by moans of soluble Thio- 
cyanates, see Halogkns, p, 923. On the estimation of Iodine in Organic Compounds, 
see p. 924; also Briigelmann (ZeitschT. anal. Chem. 1877, pp. 1--21 ; (Jhc7n Boo, Jo 2 ir, 
xxxi. 739). 

Per the estimation of iodino in cuprous iodide, Ulex (A^rok Pkarm, 18], v. 
524) expels the iodine by moans of ferric chloride, ami receives it in a solution of 
potassium iodide, the operation being conducted in an a;pparatus which allows of the 
aspiration of a stream of air through the liquid during the ebullition, wlierehy the 
process is greatly accelerated. Or the cuprous iodide is decomposed with zinc ]>o*uder, 
and the soluble zinc iodide thereby produced is titrated by Mohr’s method W'ith silver 
solution and neutral potassium chromate. 

Por the exact estimation of iodine in urine, A. Ililger {ZA'itscIir. anal. €hm. 
1873, 842 ; 1874, 476) acidrilates 40 c. c. of the urine with hydroehlomc acid, ami 
determines the iodine hy moans of a standard solution of palladium chloride, 10 c.c, 
of which are equivulont to 0-00119 iodine, the strength having been determined by 
means of potassium iodide, Tho titration is best performed by measuring out 10-20 c.c. 
of the palladium solution, heating it on the water- bath in a flask wdth ground stopper, 
and adding the urine-solution, previously brought to a determinate volume, till the 
whole of the palladium is precipitated, the completion of the process being ascortaim^d 
by the testing of small filtered samples. The presence of phosphates and sulphates 
does not interfere with the determination. 

Iodides, 1. Hydrogen lod,ide or Hydriodic acid.— On the Direct Formation and 
Dissociation of this compound, see Chemical Action (p. 428). On its Heat of For- 
mation, see pp. 952, 963. 

Preparation.— IIoT the preparation of gaseous hydrogen iodide, A. Bannow 
{Berk Ber. vii. 1498) introduces red phosphorus into a tubulated retort, and adds to It, 
by me-ans of a dropping funnel, a solution of 2 pts. iodine in 1 pt. hydriodic acid of 
sp. gr. 1-7. The evolution of gas begins without external heating, but after tho whole 
^ The process (^cacribed in vol. iii. p. 25)0, ns practiaod in ( llnsc-ow, Ims lioi'u abandoned for many years. 
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of the liquid has been added, the action must be assisted by a gentle heat. The 
quantity of the solution must be so regulated that the phosphorus and iodine may 
be present in the ratio of to If heat be applied too soon, a considerable subli- 
mation of phosphonium iodide will take place. 

Kolbe QL ])T. Chem. [2], xv. 172) finds that the method of preparing aqueous 
hydriodic acid, recommended by Vigier and copied into many text-books, which con- 
sists in pouring 15 pts. of water on 1 pt. of amorphous phosphorus, adding 20 pts. of 
iodine, and driving over the resulting hydriodic acid by heating [the reaction being 
represented by the equation p2 + 5P+ 5H-0 = P205 + lOHI (Is/i Su'ppl. 738)], always 
yields a dilute and strongly iodised acid, and that a better product is obtained by the 
older method of first preparing phosphorus iodide with 1 pt. amorphous phosphorus 
and 10 pts. iodine, and decomposing this compound with water. 

The following process is recommended by W. Stevenson {Chem. News, xxvi. 201) 
for preparing hydriodic acid, iodic acid, and the greater number of iodides and iodates. 

3 pts. iodine are dissolved in a solution of 2 pts. barium hydrate in 4 pts. boiling water, 
and the liquid, after it has become neutral and colourless, is filtered. The insoluble 
barium iodat^ thus obtained serves for the preparation of iodic acid and metallic 
iodates, and the soluble barium iodide for that of hydriodic acid and iodides. 

On the reaction of Hydriodic add with Ethers, see p. 741. 

Carhon Iodide or Tetriodomethane, Cl'* (see p. 404). 

O71 the P&riodid^s and Sulyhatoperiodides of the Cineho7ia-hases, see pp. 479, 486, 
489-491, and 493. 

Xodlne Bromide, BrI. This, according to Bornemann, is a crystalline body 
having the colour of iodine ; melting at 36° ; distilling with partial decomposition ; 
subliming in fem-like groups of crystals ; and dissolving in water with much less 
separation of iodine than that which takes place wdth iodine chloride. The hydrate, 
BrI.5H“0, described by Lowig (iii. 293) does not exist. 

Iodine Chloride (Bornemann, Liebig's Annalen, clxxxix. 184). To prepare 
the monochloride, ICl, chlorine was passed over iodine contained in a retort, till 
crystals of the trichloride made their appearance, and the red-brown liquid was dis- 
tilled into glass tubes which were immediately sealed. The contents of those which 
contained small quantities of the trichloride solidified after a while, yielding very 
fine crystals of the mono- and tri-chloride, whereas those of the tubes in which there 
were no crystals of the trichloride did not solidify, even in a freezing mixture. When, 
however, they were opened, their contents solidified after a while, with the exception 
of those which contained free iodine as well as ICl, a result which agrees with an 
observation made by Brenken {Berl. Bcr. viii. 489) that the crystallisation of ICl is 
facilitated by 101®, but retarded by free iodine. Iodine monochloride is decomposed 
by water, as observed by Trapp and by Schiitzenberger (iii. 293) with formation of 
iodic and hydrochloric acids and separation of iodine. The quantity of chlorine 
required to dissolve iodine suspended in w'ater increases with the proportion of water 
present, and for the complete conversion of the iodine into iodic acid, at least 20 pts. 
of water must be present to 1 pt. of iodine. In more concentrated solutions the 
passage of chlorine is attended with the separation of iodine trichloride as well as of 
iodic acid. 

Hydrogen-iodine Chloride, ICLHCl, is a yellow, volatile compound, formed, accord- 
ing to Schiitzenberger ( rend. Ixxxiv. 389), together with iodic and hydrochloric 
acids, by the action of water on the chloride of iodine, and may be extracted from the 
aqueous solution by ether. The formation of this body is the cause of the stability 
of iodine monochloride in water containing hydrochloric acid, observed by Gay-Bussac 
(iii. 293). 

Schiitzenberger has also examined the action of water on various systems of iodine 
chlorides comprised between the limits ICP and ICl. Each of these systems may be 
regarded as a mixture of the two components ICP and ICl, the former of which is 
resolved by water into iodic and hydrochloric acids ; ICP + 3H^O = IO®H + 5HC1. If 
now the quantity of liydrochloric acid thus formed is equal to or greater than that 
which is required to convert the ICl into the compound ICLHCl, which is stable in 
water, the monochloride ICl will not be decomposed. In the contrary case, however, 
it will suffer decomposition just as if it were alone, that is to say, it will be resolved 
by the water into iodic acid, hydrochloric acid and a corresponding quantity of free 
iodine, till the hydrochloric acid thereby produced is sufficient to convert the rest of 
the monochloride into the stable compound ICLHCl : 

20IC1 + 5H20 = P05 + lOHCl + lOlCl + 4P. 

Iodine trichloride may accordingly be regarded as a compound of ICP and ICl, and 
will give up half its iodine in the form of iodic acid. The system, 4ICP = ICP + 3IC1, 
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•will in like manner give up one-fourili of its iodine as iodic acid, The system 
101^5101 is the most highly iodised system that can be decomposed without separation 
of iodine. 

Trichloride, ICP. — Christonianos {Bcrl. Ber. x. 434) prepares this compound by 
the action of chlorine on hydrogen iodide : 

HI + 2CP - HCl + ICP. 

Pure hydrogen iodide, obtained by gradually adding iodine to a mixture of amor- 
phous phosphorus with a fow drops of water gently heated in a retort, is^ passed 
through a calcium chloride drying-tuho into a t-all cylinder or flask filled with dry 
chlorine. At the first contact of tho two gases, a dense Avhito cloud of hydrogtu 
chloride is formed, in which float innumorablo golden-yellow spangles of iodine 
trichloride. When the hydrogen iodide is in excess, the fumes have a reddish-violet 
colour, and the spangles of trichloride then assume a still more brillinut appearance. 
G-enerally, if the two gases are tolerably pure, tho hydrogen iodide takes fire in tho 
chlorine. Violet fumes of iodine are then set free, which immediately combine with 
chlorine to form brilliant golden-yellow crystals of tricliloride, whilst ^ho hydrogen 
burns with bright red-llame in the iodine vapour. Tho sides of the cylinder speedily 
become covered with yellow crystalline scales of the trichloride. If after this the 
current of hydrogen iodide he continued, the crystals assume a darker colour, becoming 
orange and brown, and finally deliquescing, owing to the following reaction : — 

HI -i- ICP - HCl 4- 2IC1. 

The process forms a very striking ioeture experiment. 

Iodine trichloride is a lemon- to orangc-yollow solid, very easily decomposiblo. 
It can be preserved only in an atmosphere of chlorine. In tlu^ air it voIa,tilisc.s 
perceptibly, even at -12°. It is less volatile in carbon tiioxidc, especially when 
cooled to -12°, hut it still lose.s weight distinctly, and at tiie same time an odour of 
carbonyl chloride, COOl-, is poreeptiblo. When hea-ted to lOO" in a,u open glass tube 
it is instantly docoinposod into free chlorine and iodim^ moiioelilorido, whii-h latter 
boihs rapidly at that tomporature. In an n,imosph<;rc of chlorine the trichloride melts 
at 33°. It dissolves in water. Strong sulphuric acid throws down from tho con- 
centrated aqueous solution a yellow powd(*r; but tho same acitl dissolves tho tri- 
chloride wuth yellow colour. 'J'ho trichloride dissolv<\H in potasli, I'orming iodide, 
chloride, iodate, and clilorate. In an atmosphere containing ammonia it emits dense 
white fumes. An excess of ammonia immediately converts it into nitrogen iodid(‘, 
sal-ammoniac, and ammonium iodide. Tlie t.ricUlorido dissolvt^s in ])ens^eue with dark 
cherry-rod colour. It is immediately decomposed liy carbon bistilphide, sulpliiii’ 
chloride being formed. It oxidises solutions of sulphur dlo.xide and lerroiis sulphate 
when boiled therewith. Potassium and phosphorus take lire in contact with it,. The 
trichloride volatilises in a currc.nt of hydrogen in tho (iold wil.hout acting u})on it ; 
but on gentle heating, hydi’Ogen chloride a,ud liquid iodine monochloritlo are formed. 
With regard to the melting point, Lothar-Meyer {Bvr. x. 64H) observes tluit the 
fusion of iudino trichloride is merely a, consequence of its dissociat ion, which d(q)unds 
upon pressure, presence of chlorine, &c., so that tho melting point 33° ob.serv(Hl by 
Christomanos must have boon determined by accidonlal conditions. The beginning 
of tho decomposition may take place, according to circnmstancos, at 25'’ or a,l)ov(i 8t)°, 
Tho specific gravity of iodine trichloride cannot be determined by any of the 
customary methods, on account of the facility w'ith which this compound volatilises 
and doeoraposos ; in fact it mainUuns a constant, W'Dight only at comparatively low' 
temperatures in an atmosphere of chlorine or carbon dioxide. The following rai't-hod 
of determining tho specific gravity, which may bo applicable also in the case of other 
easily decomposiblo bodies, is described l.»y Christomanos {Berl. Ber. x. 782 ; Chem. 
8oo, J. xxxii. 697). A thin-wallocl glass vessel furnished with two glass taps, and 
holding about a litre, is filled with chtoriue and weighed, the chlorine then oxpollod 
by carbon dioxide, and the vessel again weighed. The iodine trichloride is next 
introduced into the vessel, chlorine passed through, and another weighing made. The 
re, suiting increase of weight is equal to the weight of the iodine trichloride less that 
of the chlorine which it displaces. The chlorine is then displaced by carbon dioxide, 
and the vessel is again weighed, whereby the weight of the trichloride is obtained 
less that of an equal volume of carbon dioxide which it displaces ; and a,s the weights 
of the equal volumes of chlorine and carbon dioxide thus displaced stand to one 
another in a known proportion, the w'eight of a volume of chlorine equal to that of 
the iodine trichloride, and the weight of the trichloride itself, can bo detei'mined by 
calculation. Hence also tho weight of the trichloride compared with that of an equal 
bulk of water, that is to say, its specific gravity, can be found. Tlie mnnbor found by 
Christomanos was 3T107 ; but as tho experiments wore made with a very imperfect 
apparatus, this number is regarded as only approximate. 
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Oxides and Oxygren-acids of Zodine. Iodine Trioxide or lodous 
Oxide, PO^, is formed, together mth the pentoxide, which is the ultimate product, 
by the action of ozone on iodine. It is a light-yellow, extremely light powder, which 
deliquesces to a syrup in moist air, and is resolved, on addition of more water, into 
free iodine and iodic acid. Heated to 125°-130°, it decomposes violently, with evolu- 
tion of iodine and free oxygen, leaving a small white residue of iodic oxide, which is 
decomposed at a higher temperature into iodine and oxygen (J. Ogier, Qomft. rend. 
Ixxxv. 957). 

Iodic acid, lO^H. Heactions, Detection, and Estimation . — ^lodates in solution are 
reduced to iodides by the action of the copper-zinc couple (Thorpe, Chcm. Soc. J. 
1873, 5411 

According to Jacquemin (^Com^t. rend. Ixxvii. 211), small quantities of iodic acid 
or its salts may be readily detected by means of j^yrogallol, which instantly turns 
them brown and produces a precipitate of purpuro-gailin (Is^ Sicg>gl. 977). As pyro- 
gallol does not act in a similar manner on the acids of chlorine and bromine, or on 
nitric acid, this test may be used for the detection of iodic acid in nitric acid, and of 
iodates in potai^ium iodide solution, urine, and other liquids. 

Action of Phosphorus. — Sonstadt (Chem. News, xxviii. 288) employs for the detec- 
tion of ‘small quantities of iodates — in sea-water for example— carbon disulphide 
containing in solution a small quantity of phosphorus. An excess of phosphorus 
must be avoided, as it would destroy the coloration by converting the reduced iodine 
into hydriodic acid. According to Come (J. Pharm. [4], xxii. 425), the separation of 
iodine from iodates in solution may also be effected by addition of a few drops of 
water in which phosphorus has been kept, the effect being due to the presence of 
phosphorous acid in the liquid, inasmuch as it is not produced by a piece of clean 
phosphorus. Polacci, on the other hand {Gazz. cJiim. ital. 1873, 474) ascribes the 
reduction to the direct action of the phosphorus ; he finds, moreover, that it is produced 
by amorphous phosphorus. If the liquid is alkaline, it must first be neutralised. 
Come (J. Pharm. Chim. [4], xxiv. 216), from further experiments maintains the 
correctness of his former view. 

Iodic and Periodic acid may be separated by the different behaviour of their 
barium-salts to ammonium carbonate, the iodate being easily converted by digestion 
with ammonium carbonate, even at ordinary temperatures, into barium carbonate 
and ammonium iodate, whereas the periodate when similarly treated remains un- 
altered (Kammerer, Zeitschr. anal. Chem. 1873, 377). 

Constitution and Basicity of Periodic Acid. — Thomsen, from his experiments on 
the heat of neutralisation of periodic acid, inferred that, of the five hydrogen-atoms 
in the ordinarily assumed molecule of this acid, HHO®, two only are normally^ basic ; 
in other words that the acid must be regarded as pentahydric (or pentatomic) and 
bibasic (2?ic? 681). The same view is taken by Basarow (Her^. Ber. vi. 92), 

who represents periodic acid by the formula (HO)TO, in w^hich the iodine is septiva- 
lent, two of the five hydroxyl-groups being acid, the other three alcoholic. 

Sodkm Periodate . — A crystalline periodate of sodium is precipitated when an 
iodide or iodate is heated with a hypochlorite and excess of alkaline hydrate, in 
presence of sodium salts. As this precipitation takes place only when sodium salts 
are present, it may be used as a test for sodium (T. Pairley, Br. Assoc. 1875, 
[2], 42). 

ZOBOFORM, OHP. This compound is produced, together with acetic acid, by the 
action of iodine and ammonia on monobromacetone (Sokolowsky, Berl. Ber. ix* 1687). 

To prepare iodoform, R. Bother {Pharm. J. Tracis. [3], iv. 593) heats 32 pts. 
iodine, 32 potassium carbonate, 16 alcohol of 95 per cent, and 80 water, till the 
mixture becomes colourless; then decants the clear liquid; collects the separated 
crystals of iodoform ; and mixes the filtered liquid with 16 to 24 pts. hydrochloric 
acid and 2 to 3 pts. potassium dichromate. The liquid is then neutralised with 
potassium carbonate, and 32 pts. more of that salt are added, together with 6 pts. 
iodine and 16 alcohol. The reaction having been completed at the heat of the water- 
bath, the product is treated as above, whereby a fresh quantity of iodoform is 
obtained. The object of the treatment with potassium chromate and hydrochloric 
acid is to set free the iodine present as potassium iodide by the action of the chlorine 
thereby evolved, and thus render it available for the reaction. 

On the Crystalline Form of Iodoform, see Dogiel {N. Peter sh. Acad. Bull. xx. 337). 

XRXBXXTM. On alloys of Iridium and Platinum, and on the Separation of these 
two Metals, see Platinum. 

XRXS ROOT. The crystalline odoriferous principle obtained by distilling this 
root with water has been examined by Pliickiger {Arch. Pharm. [3], viii. 481), who 
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finds that it consists of crystals of niyristic acid saturated with a fragrant oil. 
The niyristic acid does not appear to be present in the root in the free state, but to 
be separated by the process of distillation from a compound existing therein. ^ 

XROIKT. OcoKrrcnce. — The metallic iron found b}’’ Nordenskidhl near Disco Bay, 
in Greenlaud ( Suppl. 706), and supposed to he^of inetoorie origin, has been 
examined by .Sfoenstrup, wlio infers, from ifs mode of oceniTonei' and its struelure, 
that it is of terrestrial origin, an opinion in whieli Kn.nmi(dsljerg concurs {/jdUohr. 
gcol. Ores, xxviii. 225; Jftlirh. f. Min. 1877, 01 ; Clietu. Soc, J. xxxii. o7H). 

On Meteoric Iron, SCO Mktkoritrs. 

On the oeciirnmco of Iron ores in various countries, and the minerals accompany- 
ing them, Bdo J(tfiTGsh. f. Chem. 1875, 1265. 

Physical Properties. — On the influence of Heal, n,nd of the jiassage of an 
Electric Current, on the Electric Conductivity of iron a,nd si.eel, see Klrotricitt 
( p. 718). Oil the Heat-conductivity of iron, .see HeA-T (p. 1017). 

Influence of 3fagiietisa,tion in the Molecular Structure of Faraday showed 

that iron loses its magnetism at a high temperature, amd x’ecovors it aHa certain point 
as the temperature falls. W. F. Barret dic/^. 1 4], xlvii. 51) finds that at this 

particular temperature an iron wire experiences an alteration of structure attended 
with sudden elongation, and a change of place of the metal in the tliormo-electrie 
scale ; at the same time it emits a sound, and glows more brightly for a short time, 
just before its incandescence ceases altogether. The thermic n,nd electric conducting 
powers of the wire appear to be altered at the same time. Barret also observes that 
a very hard and tough iron can be produced by the action of a strong electromagnet 
on the metal while in a state of fusion. 

Occlusion of Gases hy /ro-w.—Iron precipitated by tlio voltaic current from 
a solution of neulral finn’ous chloride anti sal-aminoiiiat* (shining brittle nodules which 
scratch glass) gives ofif hydrogen when immiwsed in water or other litpnM. By 
exposure to the air Jt loses only a portion of the ahsorhod gas. In hot water the 
evolution of gas from the iron is very rapitl, and is sonmtirnes atttunh^d with a.n 
audible sound. The occludttd gas is given oif wlien the iron is ht'ufed in a vacuum. 
Olio vol. iron thus treated gave' off 285*8 to 218 vol. hydrogen, ddie iron, after it has 
been lioated, takes up no more hydrogen, even whtm it is employed ns the m^gativo 
electrode of a voltameter. Tlio liydrogenised iron is vmy hard and possesses con- 
.sidorablo coercltivo power (Oailletot, Compt. rend. Ixxx. 810). 

According to 0. Reynolds {Institut. Ixxiv. 270), iron tnkes up hydrogen when 
acted upon by dilute sulphuric acid. Iron or .steel thus tia^atcd becomes shortened 
and brittle, incrensos in weight, and gives uffHiydrogeii whoa immersed in water. 

On the Occlusion of Gases by Cast Iron and vSteel, see Iron IllKTALnuunv (p. 1 112). 

InfliLcnce of various Sotulious on the Rustiuy of Iron. — A. Wagner has e.xamineil 
the action produced on .strips of iron by water containing various salts, in pro.seneo 
of air free from carbon dioxide, ami of air containing that. ga,s, at various temperatures ; 
also in scaled tubes from wliich air was expelled. 

The experiments .show that juiro water in presence of air causc.s iron to rust; 
that if carbon dioxide is also present, tlio rusting is more rapid ; t.ha,t the production 
of rust is materially increased by the chlorides of magnesinm, ammonium, sodium, 
potassium, barium, and calcium, the first montionoil being the most active in this 
respect; that iron immersed in evaporated river-water rusts more slowly than iron 
in di.stilled water ; that the presence of oils or fats greatly diminishes the rapidity of 
rusting; and that alkalis pi'ovont the ru.sting entirely. Magnesium chloride .solution in 
the absence of air attacked iron n.t a temperature of about 100® ; the chlorida.s of sodium, 
potassium, barium, and calcium were without action under the same circumstances. 

Compounds of Iroru 

Alloys. An alloy of iron and Chromium containing 74 per cent. Cr, 25 per 
cent. Fe, and I per cent, foreign matter, has been obtained by reducing chrome-iron 
ore (from the tJral) with charcoal ; it has a silvery fracture, and the hardness of 
diamonds. In some trials alloys capable of welding were formed ; they contained 
96*4 per cent, iron, 2*3 chromium, 1*3 lime and silica, and traces of carbon (S. Korn, 
Chem. News, xxii. 136, 265). 

An easily fusible alloy, which filled the moulds well, was found to contain 79 per 
cent pig-iron, 19*5 tin, and 1*5 lead (Kern, loc. eit.) 

On alloys of Iron and Manganese, see Iron Metallurgy (pp. 1108-1111). On 
alloys of Iron an<l Coppi'r, see Copper (p. 566). 

Amalgamation. — ^An amalgam of iron is easily obtained by bringing eleaiisi'il iron 
in contact with sodium- or ammonium-amalgam, and when it has become covered with 
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a silvery coating, dipping it into acidulated water ; the sodium- or ammonium-amalgam 
is then decomposed, and the mercury penetrates the iron. An iron plate is also quickly 
amalgamated when made to serve as the negative electrode of a battery with mercury 
and acidulated water. The best results are, however, obtained by the use of zinc- 
amalgam. The mercury is covered with dilute sulphuric or hydrochloric acid, and 
the iron is placed in the liquid, together with some pieces of zinc, whereupon it 
quickly becomes covered with mercury. The quantity of mercury thus precipitated 
on the iron is very small ; nevertheless, it does not merely form a superf cial deposit, 
hut penetrates deep into the iron, modifying its chemical and physical properties. 
Amalgamated iron, like amalgamated zinc, is less easily attacked by acids than the 
metal in its ordinary state. 

Cyanides.. See pp. 611-616. 

XTitride, This compound has been found hy Silvestri {'Pogg. Ann. clvii. 

165) in silvery-lustrous deposits on the lavas of Etna. It may be formed artificially 
by heating the lava first in a stream of hydrogen chloride, to decompose it, and then 
in a stream dry ammonia gas ; also, though less easily, by the action of sal- 
ammoniac vapWs on the ignited lava. On fusing it with sulphur, sulphide of iron 
is formed and nitrogen is evolved. 

Fremy {Compf. rend. lii. 321) assigns to the artificial compound the formula Fe^N^ ; 
by Stahl schmid {Pogg Ann. cxxv. 321) it is regarded as Fe'^N^ and by Eogstadius 
(«/. pr. Chem. Ixxxvi. 307) as Fe^N®. The natural product heated in a stream of hydrogen 
yields metallic iron and ammonia, in quantities which show that the composition of 
the nitride is 90'86 per cent, iron, and 9T4 nitrogen, agreeing with Fremy’s formula. 

Silvestri considers it very probable that this iron nitride, for which he proposes 
the name ‘ Siderazote,’ has played a very important part in volcanic processes, as it 
appears that the metallic-shining compound is peculiar to blocks of lava possessing 
sharp edges, found in the neighbourhood of craters, and in the middle of lava streams. 
Lava may possess the property of absorbing nitrogen under certain conditions of 
temperature, and thus give rise to the formation of ammonium chloride, which is 
found so largely as a product of the fumaroles in crevices and holes. The decomposi- 
tion of this ammonium chloride in presence of ferruginous lava may explain the 
presence of hydrogen amongst the products of volcanic action. 

Oxides. Ferric oxide prepared from the oxalate, when heated for half an hour 
to 350*^ in a current of hydrogen, furnishes the magnetic oxide ; if it be heated for 
twenty minutes to 500®, ferrous oxide is produced in the pyrophoric state. Ferrous 
oxide thus prepared decomposes water, slowly at ordinary temperatures, more rapidly 
at 100°. In contact -with nitric acid, it exhibits vivid incandescence. With carbon 
dioxide at 500° it forms carbon monoxide and magnetic oxide of iron : SFeO -f CO“ = 
Fe^O'‘ + CO, a reaction which explains why ferrous oxide cannot be obtained by heat- 
ing the carbonate, unless the heat he very gentle. Pyrophoric ferrous oxide displaces 
a part of the ammonia in ammonium sulphate, forming ammonio-ferrous sulphate. 
Carbon dioxide has no effect on it at the ordinary temperatures, nor does exposure 
to a temperature of 450° in an atmosphere of nitrogen deprive it of its pyrophoric 
properties. 

If ferric oxide be reduced by hydrogen at 700°, non-pyrophoric metallic iron is 
produced. Carbon monoxide produces the same effect as hydrogen, forming 
magnetic oxide at 350°, pyrophoric ferrous oxide at 500°, and metallic iron at 700° 
to 800°. 

The same results are obtained when the reductions are effected at the same tem- 
perature, but for different lengths of time ; thus, at 440°, ferrous oxide is obtained 
after six hours, and metallic iron after twelve hours’ reduction ; at 350° magnetic 
oxide is obtained after one hour, ferrous oxide after ten hours, and metallic iron after 
thirty-six hours (H. Moisson, Compt. rend. Ixxiv. 1296). 

Ferric Oxide, Fe^O^. — A. Frenzel {Jahrb. f. Min. 1874, 685) accidentally 
obtained small rhombohedrons of iron -glance, slightly magnetic and having a 
metallic lustre, by igniting a precipitate of ferric hydrate. 

Ferric Oxide from Meteoric Iron. — ^Ignited ferric oxide prepared from meteoric 
iron is attracted hy the magnet, whereas the oxide prepared from ordinary iron does 
not exhibit this property after ignition ; when dried at 110° it is slightly attracted, 
but this property is feebler the higher the temperature at which the oxide has been 
dried. With the sesquioxide prepared from meteoric iron the case is exactly the 
reverse. The magnetic properties of the oxide thus prepared are due to the presence 
of small quantities of nickel or cobalt-salts ; and when these have been removed by 
four successive precipitations and redissolutions in sodium acetate, the ferric oxide 
exhibits all the propel'tics of that which is obtained from terrestrial soui’ces. On the 
Other hand by adding snuill quantities of cobalt or nickel (or both) to a ferric salt, 
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and precipitating with ammonia, an oxide is obtained having all the properties of that 
•which is prepared from meteoric iron. It is possible that the provsoneo of the nickel 
or cobalt may give rise to the formation of 3?e^0‘, or that, as suggested by 0, F. 
Chandler, the oxide of cobalt or nickel may unite with the ferric oxide to form the 
compounds, Fe’^OoO'^ and Fe'^NiO'h analogous to (,T. L, iSmith, Amor, Chemist, 
V. 356). 

Reduction of Ferric Oxide hy Carlmi, — J. Parry {Chen/, Ncios, xxvii. 313) found 
that when pure fei’ric oxido w^as heated in a vaeumu with pure carbon, obtained by 
calcination of white sugar, no gas was evolved at 100''’, luit that b(d.woen the molting 
points of lead and copper 77 per cent, of the oxygen in the ferric oxido was removed 
m seventeen hours, slowly at the lower tompora-tures, with formation cliiofly of carbon 
dioxide, rapidly at the higher temjxTatiiros, the gas then evolved consisting chiefly of 
carbon monoxide. Those facts scorn to show that solid carbon may play some part 
in the chemistry of the blast-furnace. 

Bed'nction by a mixture of Qarho^i Dioxide and Cyanogen. — This mixture at high 
temperatures exerts a strong reducing action, stronger indeed than that of a mixture 
of CO'-* and CO. With 1 vol. CN and 6 vol. CO'^ at 685^-710° E., tl/ ferric oxide is 
deprived of 70-9 per cent, of its oxygen, yielding 66*3 per cent, metallic iron. If the 
proportion of CO** be increased to 15 voL, only 6*5 per cent, of metallic iron is obtained, 
and with 30 vol. CO-, the yield of iron is reduced to 0'9 per cent. Part of the carbon 
formed unites with the reduced iron. 

Ferric Hydrate. Umonife, FeHHO® or 2Fo-0-'*.3H-0, occurs at Big Lick, 
Eoanoko County, Virginia, in narrow veins hn,ving the lust.ro and translucency of 
gfithito. Those veins, which f raverse (h(^ ordinary compact- linionitc, are dark blood- 
red by transmitt od, nen.rly black by rcllcctod light. Lustre In'twceu adamantine and 
waxy. Stroa.k yellowish brown. Hardness soniewhii.t above 5. Sn. gr. 3*76 at 15®. 

Com;posiiion.-—K. Tbrcct- result of a-nalysis. B. AfUr deduction of })hosphoric 
acid and of 2*68 per cent. as FoPOg also of the water given off at 100®. 

0. Values calculated from the formula. FeTl'H)'’ : 


A (found) 
B (corr.) . 
C (calc.) . 


FcHl" Mii»0’ APO'> 

81*62 0-11 ()-2a 

85*61 ~~ — 

85*56 -- 


j|a() 

2*38 0*51 14*95 rs 09*73 

— - 14*39 100 

— 14*44 -- 100 


Of the 14*95 ^lor cent. ir-’O, 1*70 goes off at 100®, 0*93 at, 150®, 3*6{) at 200®, 5*01 
at 250®, and 3*74 at a red heal. (Mallet, Silt. Am. J. f3|, ix. 400). 

Com;pom\d of Ferric Oxide with Lime, I'V’OACaO or ( K(4)‘-’)*0a,. I'his body is 
formed when a mixture of 100 pis. iron ami (>(l'5 limo is heated to wliiteness for 
several hours in a platinum ci*ueibl<\ stjinding in a muhl<s and the mixture is left to 
cool slowly. It is tbns obtained in crystals often an inch long, and ha.viiig a strong 
metallic lustre. Still larger crystals of the sa,me compound are obtained by ignit ing 
1000 grains of hmmatite with 1000 grains of (dialk. It is magnetic, has a sp. gr. of 
4*693, and yields a red-brown powder (J. J*oiry, Phil. Mag. [4], xlv. 455). 

Ferrosoferrle Oxide, Magnetic Oxide, FVOb--A mixture of thi.s oxide 
with corimdum, forming a thick bed at Bheep’s Hill near CvwfXcv on the Hiid.son, is 
described by .1. Kemball (Amer. Chem. iv. 321 ; Jahresh. f Cham. 1874, IOt’h). 
Being a very basic and therefore very refractory mineral and rich in ferric oxidt', it is 
well adapted for the fettling of puddling furnaces, and as an oxidising material in the 
Bes.senior convertor. 


^ Ferroso ferric Oxide from Aniline resldne.s.-- The residue left in the preparation of 
aniline by the action of ferrous acetate on nitrohonisono consists of magnetic iron oxido, 
hVO^ agreeing in composition with the native oxido from CornwaU a-nd Hannemora! 
as shown by the following analysis : 

I'VO* FeO Graphite SiO’* P’O” 8 and Mu 

67*00 30*05 1*23 0*78 0*62 traces = 99*68 

(d. Spiller, Berl. Ber. vi. 1 384). 

Oxysalis of Iron. See the several acids. 


BbospMde. On triferrous phosphide, Fe^P^, produced by the action of phos- 
phine on a solution of a ferrous salt, see "liid Supyl. 949. 

Sulphides. The Monosulphidc, FeS, may be prepared by heating a mixtim^ 
of 2 pts.iron pyrites and 1 pt. iron-filings to redness for half-an-hour in a hessian 
crucible (0. Mehu, Bms. Zeitsohr. Fharm. 1876, 646). 

Sesqnisnlphide or Ferric Sulphide is precipitated as a hydrate, 
2Fe2S*,3H20, by the action of yellow ammonium .sulphide on a solution of ferric 
chloride containing free chlorine or a, small quantity of sodium hypochlorite. As thus 
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obtained, it is a green fioecnlent precipitate, becoming almost black after washing on 
the filter. On mixing it, after drying, with a white powder, such as chalk, the green 
colour is again distinctly seen. The sesquisulphide is soluble in ammoniacal water, 
and is precipitatt^d therefrom on dilution : it dissolves also in alcoholic ammonia, 
forming a perfectly clear, emerald-green solution which can be filtered. In a mixture 
of ammonium sulphide and very dilute ammonium thiosulphate, it is but slightly 
soluble. It dissolves in hydrochloric acid, with evolution of hydrogen sulphide and 
formation of ferric chloride (Phipson, Clmn. Hews, xxx. 139). 

Bisulphide, PeS“. Iron pyrites. — Observations on the formation of pyrites in 
recent times have been made by Daubr^e {Compt, rend. Ixxxi. So4 ; Chem. Soc. Jour. 
xxix. 533). He points out that, frequent as the formation of iron sulphide may be, 
it is but rarely that the product is a true pyrites, that is to say, a crystalline, metal- 
lically lustrous sulphide, capable of resisting the action of acids. Amongst localities 
in which true pyrites has been formed in historic times, may be especially mentioned 
the warm springs of Bourbonne-les-Bains (Dep. Haute Marne) and of Hammaii- 
Meskoutin in the province of Constantine, Algeria. At the former locality, pyrites is 
found in small grannies mixed with the sand near the source of the spring, and as a 
coating on quartz-grains and remains of flint implements, whereby its recent origin is 
sufS-ciently indicated, also in small cavities in the. lime between the tiles of an old 
conduit, which likewise contains crystals of calcspar. The reaction in this case appears 
to he similar to that observed by Ebehnen between calcium sulphate and ferric oxide, 
in presence of organic matter, whereby iron bisulphide and calcium carbonate were 
produced. Daubree also mentions the occurrence of pyrites in a fissure of a ship’s 
timber which, before being used for building, had lain for some time in a basin receiv- 
ing the contents of two sewers, whereby reducing and sulphuretted compounds were 
probably introduced into the water. 

Detection and estimation of Xron, and Analysis of its Compounds. 

The smallest trace of iron in a nickel-salt may be easily detected by mixing the 
slightly acidulated solution with potassum thiocyanate, and agitating with ether. A 
rose tint in the ethereal layer indicates with certainty the presence of iron (Bottger, 
N. Bep. Pharm. xxiv. 621). 

Estimation of Ferric Oxide and Alumina in presence of Phosphoric Acid. — To the 
liquid containing phosphoric acid, alumina, and oxide of iron, an excess of calcium 
chloride is added, and then ammonia, which throws down tricalcic phosphate, alumina, 
and ferric oxide. The precipitate is ignited, weighed, and dissolved in hydrochloric 
acid ; the phosphoric acid is determined by means of uranium in one portion of the 
solution, and the iron by stannous chloride in another. The phosphoric acid is 
calculated into tricalcic phosphate, and the iron into Fe-O^and the difference between 
the united weights of these compounds and that of the original precipitate gives the 
alumina. If sulphuric acid is present, it must he separated by baryta before the addition 
of ammonia. The presence of baryta in the filtrate does not affect the results, provided 
sufficient calcium chloride is added to precipitate all the phosphoric acid, as 
(H. Pellet, Bull. Soc. Chim. [2], xxvii. 10(5). 

Volumetric Estimation. 1 . With Sodium Thiosulphate (iii . 3 8 5). — To render 
this method exact, it is desirable that the iron solution should be as nearly neutral as 
possible, since an excess of acid would decompose the thiosulphate. J. M. Crafts 
{Bull. Soo. Chim. [2], xx. 50) employs for the titration : (1). A ^Vpo^al solution of 
thiosulphate prepared by dissolving 12-4 grams of the air dried salt in a litre of water. 
2, A J^normal solution of ferric chloride, which serves for the exact titration of the 
thiosulphate solution, and is best prepared by dissolving the required quantity of iron 
containing a known amount of carbon in hydrochloric acid, with addition of a little 
nitric acid, and evaporating down till a drop taken out just dissolves in water without 
turbidity. . . , • 

For the estimation of iron in ores, the pulverised ore is digested with strong 
hydrochloric acid, with addition of a little nitric acid, to convert the_ whole into ferric 
salt, and the solution is freed from excess of acid by neutralisation with sodium 
carbonate, or better by cautious evaporation. It is advisable to use 1*4 grm. of the 
ore and dilute the solution to half a litre. The number of c.c. of thiosulphate solution 
required for the decomposition of 100 c.c. of the iron solution, will then give the per-, 
centage of metallic iron in the ore. The first titratipn serves for the approximate 
estimation of the quantity of thiosulphate required; in the subsequent operations, 
about 20 per cent, more of the thiosulphate is taken, and the excess determined by 
back- titration in the usual way with iodine and starch. The operation is somewhat 
impeded by the presence of considerable quantities of sulphates, phosphates, and in 
general of any acids which readily form precipitates with the iron. The presence of 
atmospheric oxygen in the water used does not create any difficulty. 
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2. With I^ermanganate.^-VosimW {Qhcm. Soc. Jottr. xxri. 27) recommends that 
the estimation of iron by permanganate be peiformod by candle or gas light, so that 
the disturbing influence caused by the yellow colour of the resulting ferric salt on the 
exact recognition of the end of the operation may a,s far as possible bo eliminated. 
A solution of 3 pts. ferric chloride in 4:1)0 pts. of water is colourless by ea.ndlc-]ight, 
but the slightest trace of permanganate added to it produces a perceptible coloration. 
For the titration of the pcrmaaiganate solution, Parnell recommends arscnions add as 
it can easily be obtained quite pure, and the inconvenience arising from the slowness 
of the action towards the end of the oxidation, and from the brown coloration of the 
liquid resulting from the formation of manganic oxide, maybe obvi.'itod by addition 
of a slight excess of a standard solution of a ferrous salt, ibo excess of ferrous oxide 
in which can bo very exactly determined by back-titration with permanganate solution. 

A simple method of estimating iron in ores, idthmit the me ofwei'ijhfs^ is described 
by W. N. Hartley {Chern, Soc. Jour, xxviii. 410). A suitable quantity of the ore is 
counterpoised by pure iron wire; the ore and ware are dissolvt'd in separate quantities 
of acid ; the two solutions are made up to equal volumes ; and of the total volume 
of each is taken for the analysis, whereby the error in weighing is red^^ced to The 
two ferric solutions are then reduced by granulated zinc, and titrated with perman- 
ganate. If then m and n denote the quantities of permanganate solution used for the 
solution of the ore and of the wire respectively, the percentage x of iron in the ore is 
given by the equation : 

* = ™ . aoo. 

3. With Potassi/um J)ichrom.afe.‘--Tho titration of ferrous siilt.s with a standard 
solution of potassium dichromato is regarded by Eiloy {Vhem. Soc. Jour, xxxii. 25) as 
the best of all methods for the volumetric estimation of iron. W. L. Howie {Phnrm. 
J. Tram. [3], vi. 480) points out that- it is apt to give t.oo Iiigh a r(‘Kiilt, ll’ sugar is 
pn^sent, and tln^ titration is perfornHul in a hydrochloric acid solul.ion. In such ca,ses, 
as in the juialysis of PWrum carhomavm aacch((fitlui}i, he rtu'oninicnds that the iron 
salt bo dissolved, not in hydrochloric, but- in phosphoric acid, since, in presence of this 
acid, the dichromato is not reduced by sugar, 

4. With Stannova Chloride. — To the method of cslhuiiting iron by moans of 
standard .solutions of s(.annous chloride, recornmoiided by hh’csenius ami others (iii, 
38/5), two objections have been riiscd, viz. : First, tliat, tin' sohd.ion of stannous 
chloride rapidly decomposes, and lias constantly to Ix' r<i-sta,mlardiscd ; secoiully, tliat. 
the results are not constant, the same weight of ore rc(iuiring varying amounts of 
standard solution. The first objection is mot by keeping the stamlaVd solution in a 
bottle to which the air cau have access only Ihrougli a wasli-liottle of potassium pyro- 
gallate. When the solution is kept in this manner, the variation in four wmeks is under 
OT p.c. The second objection is untenable, since, when the solution is st.rongly acid 
and hot, the limits of error can be confined to 0‘0/5 p.c. The extreme sharpness, and 
above all the rapidity of the operation, render it very advantageous, especially in mining 
practice (LTelsmann, Zeitschr. anal. Chem. xvi. 50). See also »Stock a. Jack {(Jhem. Neivr, 
XXX. 221; xxxi. 63); Esilmann (ibid. 221); C. W. Binman (SUl. Aw. J. [3], xiv. 
478 : Chem. Soc. Jour, xxxiv. 608). 

Carnelloy (Client. NeioSy xxx. 257) estimates iron in well-water colorimetrically by 
adding to a measured volume of the 'water, after oxidation of the iron by permanganate 
solution and sulphuric acid, a known quantity of solution of potammi ferrocyanide, 
and comparing the tint of the resulting blue liquid with that of a,riother, prepared 
by adding a titrated iron solution to the same quantity of potassium ferroeyanido dis- 
solved in a correspondingly largo volume of distilled water. 

Sepamtion of Iron from Uranium. According to E, Burcker (J. Pharm. Chim. 
[4], xxvii. 347), the method of separating those metals based on the precipitation of 
the iron with ammonium carbonate (v. 944) is not very exact, as, after a short time, 
the double carbonate of uranium and ammonium is likewise deposited, and is very 
difficult to remove from the precipitate. Better results are obtained by the following 
method given in Kose’s Traite d' Analyse Quantitative. The sulixtion of ferric and 
uranic salt is precipitated by ammonia ; the precipitate, after ignition and weighing, 
is heated in a current of hydrogen, and the reduced iron is dissolved out by dilute hydro- 
chloric acid, brought to the state of ferric salt by nitric acid, and precipitated by ammonia. 

On the separation of Iron from Uranium and ChromiuoUi see p. 458. 
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Analysis of Oast Iron and Steel, 

An elaborate memoir on the estimation of the several constituents of iron and 
steel has been published by M. Boussingault (Aw?a. Ckim. Phys. [5], v. 148). 1. To 

estimate the carbon, the finely- pulverised metal is triturated "with 16 to 20 times its 
weight of mercuric chloride, and the insoluble mixture of carbon and mercurous 
chloride which remains after boiling the whole with hydrochloric acid, then washing 
and drying, is placed in a platinum boat, and heated to dull redness in a stream of 
hydrogen in order to drive off the mercurous chloride. The residue of carbon-com- 
pounds and graphite remaining in the boat is then weighed and heated, first over a 
lamp to burn away the carbon-compounds, afterwards in a stream of oxygen to burn 
the graphite. The accuracy of the determination may be increased by receiving the 
carbon dioxide produced by the combustion in a weighed absorption apparatus, as in 
organic analysis. This method, besides showing the form in which the carbon is 
present in the iron, has the further advantage of rendering visible extremely small 
quantities of c^ton, even a small fraction of a milligram being easily recognised on 
the bottom of the platinum boat. The accuracy of the result is not impaired by the 
presence of nickel, copper, or ^chromium, since these metals, like the iron, are con- 
verted into chlorides, and pass into solution. The presence of tungsten, however, 
creates a difficulty, as this metal remains behind together with the carbon and the 
mercurous chloride, and is converted into oxide during the combustion of the carbon, 
thereby compensating wholly or partially the loss of weight. Moreover the tungstic 
acid formed at a red heat may burn a portion of the graphite to carbon dioxide. 
Hence, when the proportion of tungsten is considerable, it is best to estimate the 
carbon by direct combustion and weighing of the carbon dioxide. 

Silicon. —To obtain an exact estimation of this element, especially when its amount 
is very small, the analysis must be made in the dry way, inasmuch as liquid reagents 
almost always contain traces of silicon, which may also be imparted from the glass or 
porcelain vessels in the process. If, on the other hand, the comminuted iron be first 
oxidised on the platinum boat in a muffle furnace, and then ignited in a stream of dry 
hydrogen chloride, pure silica will be left in the boat. 

Phosphorus is estimated by dissolving the iron in nitric acid, evaporating, and 
calcining the residue, fusing the resulting oxide with sodium carbonate, boiling the 
melt with water, acidulating with nitric acid, and precipitating with an ammonio- 
ceric salt. The precipitate of cerium phosphate is then decomposed by oxalic acid, 
and the phosphoric acid in the filtrate is determined as ammonium-magnesium 
phosphate. The phosphoric acid may also be precipitated from the nitric acid 
solution by ammonium molybdate. 

Sulphur is determined by passing the gas evolved on treating the iron with dilute 
sulphuric acid into a solution of silver nitrate, whereby the whole of the sulphur is 
precipitated as silver sulphide. 

Manganese. — Por the estimation of this metal, Boussingault finds that the iron 
(as ferric salt) may be completely precipitated by sodium acetate. When the quantity 
of manganese is very small, the nitric acid solution may also be treated with lead 
dioxide, and the resulting red solution titrated back with mercurous nitrate, the 
strength of which has been determined by means of an iron solution containing a 
known amount of manganese. 

The precipitation of manganese as peroxide by the electric current is not to be 
recommended, on account of the time which it takes, and the various disturbing in- 
fluences which affect the result. 

For the estimation of the iron itself, Boussingault gives the preference to the 
method with permanganate ; and for the detection of copper he recommends the 
known process founded on the separation of copper and iron by ammonia, and 
the extremely delicate reaction with ferrocyanide. 

On the analysis of Carburetted Iron see also 0. H. Piesse (Chem. Hews. xxix. 
57 and 110; Chem. Soc. J. xxvii. 711) ; A. H. Allen, Chem. News. xxix. 91 and 120); 
H. Ueismann, Dingl. pol. J. ccxx. 534 ; Jahresh.f. Chem. 1876, 999). 

The following methods relate to the determination of special constituents : 

J. Parry (Amer. Chemist^ iv. 257) estimates the carbon in pig iron by dissolving 
the metal in solution of cupric sulphate, burning the dried residue of copper and 
carbon with cupric oxide, and instead of absorbing the carbon dioxide in a potash 
apparatus, passing it, by means of a Sprengel pump, into a graduated cylinder, and 
measuring it, with the necessary corrections for pressure, temperature, and moisture. 

Ueismann {Dingl. Pol. J. ccxx. 534), after dissolving the iron in a solution of 
cupric chloride, oxidises the carbon with chromic acid, as recommended by Ullgren 
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(Liebigs Annalen, cxxiv. 59), in an apparatus connected with a cooled receiver, the 
operation being assisted by heat, and the evolved carbon dioxide absorbed by soda- 
lime. 

Por the estimation of carbon in spiegeleisen, Eiley {Chem. Soc. J. xxxii. 1) dis- 
solves the metal in cupric chloride, and, after complete solution of the iron and of the 
precipitated copper, collects the carbon, &c., on an asbestos filter, and burns the 
carbon with cupric oxide in a current of oxygen. For high percentages of carbon 
Eiley considers that colorimetric determinations are not satisfactory. 

For the estimation of phosphorus, Uelsmann {DingL fol.J. ccxviii. 492) regards 
the method of precipitation with molybdic acid as the only one capable of affording 
exact results in the analysis of pig iron, steel, &;c. The best way of proceeding, as 
proposed by Eggertz (J. p7\ Chem. Ixxix. 496), is to weigh the precipitate directly, as 
when dried at 110°-120° it always contains the same quantity of phosphorus (TOJl 
per cent.), provided the process be carried out under uniform conditions. It is es- 
pecially important that no acid, except nitric acid, be present, and that the precipitate 
be quickly formed. , 

Koschelt {Ghem, Centr. 1877, 487) prepares a molybdic soluticL by dissolving 
1 part of pure molybdic acid together with 1 part of caustic potash in 6 parts of water ; 
adding, after cooling, a solution of J part of tartaric acid in 2 parts of water, followed 
by addition of 7 J parts of nitric acid ; heating the whole to boiling ; and filtering while 
hot. About 1 gram of the iron is dissolved in the smallest possible quantity of nitric 
acid (the solution should not measure more than 50 c.c.), and the filtered liquid is 
allowed to fiow into about 30 c.c. of the molybdic solution placed in a basin on the 
wa;er-bath. After complete precipitation, the whole is warmed for a short time; and 
the precipitate is collected on a weighed filter, washed with dilute nitric acid (2:3) and 
alcohol, dried at 120^-130®, and weighed: it contains 1-73 per cent, of phosphorus. 
Cairns (ibid.) precipitates the ferric phosphate with ammonia, rcdissolvus, prc'cipital es 
with ammonium molybdate, redissolves, reprecipitates, again dissolves, and finally 
precipitates with magnesia mixture. 

A spectroscopiG method of estimating phosphorus in iron and stool is given by J. 
AUeyne (Institiot, 1875, 253), depending on the fact that when an electric spark is 
made to pass between iron electrodes, the presence of phosphorus may bo rcjcognisod 
by certain characteristic lines, which disappear completely when the atmospheric air 
surrounding the electrodes is replaced by an atmosphere of hydrogon, and reappear 
when oxygen is again admitted into the tube, the quantity of oxygen required to 
reproduce them being inversely proportional to the amount of phosphorus in the 
iron. 

Sulphur may be estimated by dissolving the iron in dilute sulphuric acid, and 
passing the gas, which contains hydrogen sulphide if sulphur is present, into an 
alkaline solution of lead oxide, whereby the sulphm* is precipitated as load sulj)hido, 
which may then be oxidised to sulphate. The operation should be conducted in an 
atmosphere of hydrogen, since, if air is passed for a long time through the alkaline 
lead solution, the precipitated lead sulphide becomes oxidised and dissolves in rhe 
alkaline liquid (Fresenius, Zeitschr. anal. Oliem. 1874, 39). J. Mofilit Johnson {ihid^ 
uses, instead of the alkaline lead solution, a solution of bromine in hydrochloric acid, 
whereby the hydrogen sulphide is immediately converted into sulphuric acid. TIi. M. 
Drown (Amer. Chemist, iv. 423) effects the oxidation of the hydrogon sulphide by 
passing it through at least three bottles containing solution of potassium perman- 
ganate (1 : 200). 

Aluminium and Chromium. For the determination of these metals the 
following method is given by A. Blair Am. J. [3], xiii. 421). Five grams of 
iron or steel borings are placed in a half-litre fiask with 20 c.c. of hydrochloric acid 
diluted with three or four times its volume of water, and the flask is closed witli a 
valved stopper. If necessary, heat is applied, and when the iron is dissolved, the 
valved stopper is replaced hy a solid one, and the flask cooled. The fiask is then 
about three-fourths filled with water and a slight excess of barium carbonate (free 
from sulphate) added gradually. The fiask should be thoroughly shaken several 
times, loosening the stopper occasionally to allow the carbonic acid to escape, and left 
over-night. The liquid is then quickly filtered, and the precipitate washed with cold 
water and dissolved in hydrochloric acid ; the solution diluted ; the sesquioxides of 
iron and chromium precipitated with ammonia ; and the excess of ammonia expelled 
by boiling. The precipitate is washed, dried, and fused with 3 grams of sodium 
carbonate and 0*5 gram of nitre, the heat being continued till all the nitre is decom- 
posed the fused mass is dissolved in water ; and the solution filtered from the ferric 
oxide, is evaporated with hydrochloric acid and alcohol. The chromic oxide which 
remainsis then dissolved in hydrochloric acid, the solution filtered from silica, :ind 
the chromium precipitated in the usual way. 
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For tlie determination of aluminium in steel, the first part of the process is the 
same as for chromium, as far as the ■washing of the precipitate obtained with barium 
carbonate, which in this case is dissolved in hydrochloric acid and the barium precipi- 
tated with sulphuric acid ; the barium sulphate is then removed and the excess of acid ex- 
pelled by evaporation. The ferric oxide, alumina, and chromic oxide, are separated by 
ammonia, ammonium sulphide, and citric acid. The chromium (if any) is converted 
into alkaline chromate by fusion with sodium carbonate and nitre ; the mass is dis- 
solved in water ; and, without filtering, potassium chlorate and hydrochloric acid are 
added, and the solution is evaporated to dryness in the water-bath, keeping the 
chlorate in excess. The residue is redissolved in water ; a slight excess of ammonium 
carbonate is added ; the solution boiled till all smell of this salt is removed, then 
filtered, and mixed with excess of hydrochloric acid ; and when the greater part of 
the chlorate is decomposed, a little alcohol is to he added and the chromium precipi- 
tated as before. The alumina obtained by precipitation -with ammonium carbonate is 
apt to be contaminated by silica and lime (from the citric acid), from which it can 
be separated by dissolving in hydrochloric acid, evaporating to remove silica, xedis- 
solving in hydf>3chloric acid, and precipitating with ammonium carbonate, care being 
taken to remove all excess of carbonate by boiling. 

Manganese. S. Peters (Chem. News, xxxiii. 35) estimates manganese in iron 
and steel by a colorimetric method. OT gram of the metal is dissolved at boiling heat 
in 3 to 4 c.c. of nitric acid (sp. gr. 1*2) ; lead dioxide (0*2--0*3 gram) is then added, 
the liquid is boiled for two or three minutes and filtered ; the filtrate is poured into a 
burette and diluted to 50-60 c.e. ; and the tint of this liquid is compared with 
that of a solution of permanganate containing 0‘01 gram manganese in a cubic centi- 
meter. If the two have the same depth of colour, the necessary data for calculation 
are obtained. 

For the estimation of mjinganese in spiegeleisen and ferromanganese, the two 
following methods are given by E. Eiley {Chem. Soc. J. xxxii. 1-12). 

1. Direct Method. — About a gram of finely comminuted spiegeleisen is dissolved 
in nitric acid (sp. gr. 1*2), and small quantities of potassium chlorate and hydrochloric 
acid are added to decompose the carbon-compounds produced by the reaction. The 
solution diluted to about a litre and neutralised with sodium or ammonium carbonate 
is then heated with sodium or ammonium acetate (preferably with the ammonium 
salt), the resulting basic ferric acetate is left to settle ; the solution is filtered ; 
the precipitate redissolved in hydrochloric acid; and the process repeated in order 
to ensure a complete separation of the iron and manganese. The united filtrates are 
evaporated to half a litre, and mixed after cooling with 2 to 4 c.c. of bromine and 
agitated ; excess of ammonia is added ; the liquid gently heated for about an hour, 
then boiled for five minutes ; the precipitate is left to settle ; the liquid is filtered ; 
and the filtrate is evaporated and tested for manganese. Lastly the precipitate is 
dried and heated to redness for half an hour in a muffle or over a Bunsen burner, 
and finally over a gas blowpipe. It then consists of manganoso-manganic oxide, Mn®0^ 

Indirect Method. — About a gram of finely crushed spiegeleisen is dissolved in 
hydrochloric, or better in dilute sulphuric acid ; the liquid is diluted with recently 
boiled distilled water ; and the iron is estimated volumetrically with bichromate or 
permanganate ; to the amount thus obtained 5 per cent, is added for carbon and 
impurities; and the difference is regarded as manganese. The result thus 
obtained is generally too low by 0*6 to 0*8 per cent., the error arising from the 
formation— during tho dissolution of the iron — of oily hydrocarbons and soluble 
organic matter, which act more or less on the oxidising solution, thus rendering the 
amount of iron too high, and consequently that of manganese too low. The 
method however is for the most part sufficiently accurate for technical purposes, and 
it has the great advantage of being very expeditious, an hour being sufficient for its 
completion, whereas the direct method takes five or six hours. The indirect method 
may however be rendered much more exact, though at some sacrifice of time, by 
dissolving the spiegeleisen in nitric acid, evaporating to dryness, and heating the 
residue to destroy the carbon-compounds. The oxides of iron and manganese are 
then to be dissolved in hydrochloric acid, and the solution largely diluted with water, 
reduced with sodium sulphite, and titrated as before. The results of the indirect 
method, thus modified, agree very nearly with those of the direct method. 

W. Galbraith {Chem. News, xxxiv. 47) dissolves 1 gram of spiegeleisen in nitric 
acid in a small round-bottomed flask, evaporates to dryness, and heats the residue for 
ten minutes at a cherry-red heat. A weighed quantity of ferrous or ammonio-ferrous 
sulphate is added, after cooling, together with a little dilute hydrochloric acid ; the 
liquid is heated, with agitation ; and when the whole is dissolved, the quantity of un- 
oxidised iron is determined by titration with potassium dichromate. From this the 
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amount of manganese present may be calculated. Riley is of opinion that this 
method does not yield exact results. 

Estimation of Manganese in Manganiferous Iron Ores. — These ores sometimes 
contain small quantities of baryta, zinc oxide, potash, soda, and silica. 1 gram of 
the ore, dried at 100°, is dissolv 'd in hydrochloric acid, the silica separated by filtra- 
tion, and the greater part of the free acid evaporated off. The solution is diluted 
to I litre, left at rest for four hours, and treated with a few drops of sulphuric acid 
to precipitate the baryta ; then diluted to 1 litre, mixed with ammonium acetate, 
neutralised with ammonia, heated to the boiling point, left to clarify, and filtered ; 
and the precipitate, redissolved in hydrochloric acid, is again precipitated by ammonia 
after addition of ammonium acetate. The basic ferric acetate thus precipitated is left 
to settle, collected on a filter, and washed three or four times with boiling water con- 
taining a few drops of ammonium acetate. Lastly, the filtrate is evaporated to half 
a litre, mixed when cold with 2 to 4 c.c. bromine, and otherwise treated as above 
described for the analysis of spiegeleisen. The ignited manganoso-manganic oxide 
must be tested for barium, zinc, calcium, &c. Chlorine may be used instead of 
bromine for the oxidation of the manganese, but there is no advantage in this altera- 
tion ©f the mode of proceeding (Riley, Ckem. JSoo. J. xxxii. 12). 

The following process for the analysis of manganiferous iron ores is given by A. 
Fimaro {Gasser, chim. ital. vii. 286). 2 or 3 grams of the finely powdered mineral are 

dissolved in hydrochloric acid, and the solution evaporated to dryness after adding 
a drop or two of nitric acid to peroxidize the iron ; the residue is heated with a 
small quantity of hydrochloric acid, diluted, and filtered from the separated silica, 
which is ignited and weighed ; the solution containing the iron and manganese is 
exactly neutralised with ammonia, and precipitated with a slightly acid solution of 
ammonium benzoate or succinate ; and the precipitate, which contains the iron and 
alumina, is collected, washed first -with watei*, then with <Iilute ammonia, and finally 
dried, ignited, and weighed. The iron and alumina in this precipitate may then be 
separated and determined in the usual manner. The manganese is precipitated as 
sulphide by sulphide of ammonium, and determined as manganoso-manganic oxide 
in the usual way. If the mineral contains copper or zinc, these must be removed by 
passing sulphuretted hydrogen through an acetic solution, previously to the precipita- 
tion of the iron. The magnesia and lime are determined in the filtrate from the 
manganese sulphide. This process is said to be especially valuable when the man- 
ganese is not in very minute quantity, and preferable to the separation by means of — 

I. Ammonia and ammonium chloride. 2. Barium or calcium carbonate. 3. Sodium 
acetate and chlorine or bromine, or hypochlorite. 4. Lead oxide. 5. Conversion 
into sTilphates. 

On the separation of Iron and Manganese by means of Sodium Acetate, see also 
Stockmann {Zeitschr. anal. Ckem. xvi. 3 72) and Kramer {iUd. 334); also Ghcm. Soo. 

J. xxxii. 805. 

Classen (Berl. Ber. x. 1316) separates iron from manganese, cohalt, nickel, and 
zino, by treating the concentrated solution of the metals with a solution of fotasskm 
oxalate (1 i 6), and excess of strong acetic acid, whereby the oxalates of manganese, 
nickel, cobalt, and zinc are precipitated, leaving the iron in solution. The filtrate 
(with the washings) is concentrated on the water-bath, and rendered alkaline by sodium 
carbonate; the precipitate which forms is dissolved in concentrated oxalic acid; 
the solution precipitated with acetic acid as before ; and the precipitate first obtained 
is washed with concentrated acetic acid, or a mixture of equal parts of acetic acid, 
alcohol, and water. It may still retain a trace of iron, which may he separated by a 
repetition of the process. 

XnOlSt IHETAMTOG-Y. 1. Cast or Pig: Iron. 1. Chemistry of the 
Blast Furnace. —Temperature of the Blast. — H. Valerius {Bttll. Acad. Boy. Belgique, 
[2], xxxix. No, 4, April 1875) has calculated the temperature to which the blast must 
be raised in order to obtain the greatest heat in the furnace. By former experi- 
ments he had found that carbon burning in the open air produces a temperature of 
1678°, half of it burning to dioxide, the other half to monoxide. Carbon monoxide 
in burning produces a temperature of 2231° C. In both cases it is assumed that the 
quantity of air supplied is such that its oxygen just suffices for complete combustion. 
When, however, carbon monoxide burns under this condition, only of it is burnt 
to CO-, the other | remaining unaltered. The burning of CO in the air cannot raise 
the temperature higher than 2231°, as at higher temperatures cooling takes place in 
consequence of the dissociation of CO®. From these considerations, it is easy to 
calculate to what height the temperature of the blast must be raised, in order to 
obtain this niaximum of temperature. Suppose that 1 kilogram of pure carbon is to 
he burnt; this will require 12 kilograms of air of the temperature x. Since now the 
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specific heat of air =0*2375, the quantity of heat required to he added to the air, 
which is to be used for the combustion, will he 12 , 0*2375 , x heat-units. Now the 
products of combustion, consist of 1*83 00^, 1*166 CO, 6*99 N and 3 air ; and as the 
specific heats of the first three are respectively 0*2169, 0*245 and 0*244, the rise of 
temperature produced in the air will be expressed by the fcaction : 

12 . 0*2375 . X _ 2*85 . x 

1-85 . 0*2169 -1- 1*166 . 0*245 -t- 6*99 . 0*244 + 3 . 0*2375 3^2“* 

CO^ CO N A±c 

This temperature of the air is added to the temperature of combustion of the carbon 
in the air, so that the sum represents the maximum temperature, viz. : 

1678 + = 2231°; 

3*12 

whence it follows that a? =605°. In practlca this amount is not sufficient, since the 
fuel burnt is not pure carbon ; and hence it is that good results have been obtained 
by heating th^ air even to 800°. By the use of air at 600°, there is a saving of 
about I of the carbon that would be required if cold air were used. 

Use of Lignite in the Blastfurnace. — Experiments on iron smelting with a mixture 
of coke and lignite are described by v. Frey {JDingl, ^ol. J. ccxvii. 71). It was found 
that 33 per cent, of the coke might be replaced by crude lignite (a poor variety from 
Lieschau) without any deterioration in the quality of the dark brown Bessemer iron 
produced in the furnace, and with a considerable saving of expense for fuel. The 
following table shows the composition of the iron made with coke alone, and with the 
mixture of coke and b'gnite : 


from 

Pig-iron 

smelted witli : 

Pe 

Combined 

Carbon 

G-rapMte 

Si 

Mn 

S 

P 

Cu 

Prevaii 

{ 66-6 p. 

133-3 , 
(37 

c. PUufkirclieii Coke ' 
, Liesebau Lignite 
Lime, Wliite Ores . 


88-251 

0*450 

3*860 

2-231 

5-098 

0-082 

0-012 

0-016 

Prevail 


Coke 

90*790 

0*430 

2*775 

2-765! 

3-020 

0*118 

0-042 

0-060 

Kaljlnj 

25 p. c. 
25 „ 

25 „ 
,25 „ 

Ostran Coke ' 

Plinfkirclien Coke 
Hard Charcoal 
Crude Lignite 



- 


up to 
3-020 

1*820 

to 

3*060 

0-010 

to 

0-030 1 

trace 

- 


The construction and working of a lignite blast furnace at Friedrichshiitte in 
Bohemia are described by A. Kerpely {Bingl, jpoL J. ecxix. 322 1 Jahresb. f. Chem. 
J876, 1060). 

Use of Quick Lime in the Blastfurnace. — The introduction of quick lime into the 
furnace in place of the raw limestone generally used might be expected to effect a 
considerable saving of fuel, seeing that a large quantity of heat is expended in ex- 
pelling the carbon dioxide from the raw limestone, and further that a certain quantity 
is absorbed during the reduction of this carbon dioxide to monoxide. The actual 
saving effected is, however, less than that which is indicated by theory. Experiments 
have indeed shown that the use of burnt lime in the smaller blast furnaces is attended 
with a somewhat greater production, a better quality of iron, and also at times with 
a trifling sa^dng of fuel, but in the larger and newer furnaces this is not the case. The 
reduction by carbon monoxide of many easily reducible ores begins at 200°, and the 
products of this reduction are carbon dioxide, iron, and a certain quantity of carbon. 
Carbon dioxide also, at a certain temperature, is reduced by carbon to monoxide. At 
410° the carbon dioxide begins to reoxidise the iron reduced at the lower tempera- 
ture, and this oxidation increases with the rise in temperature, so that at a bright 
red heat a mixture of carbon dioxide and monoxide in equal volumes will extract 
from sesquioxide of iron only one-third of its oxygen, whilst metallic iron at the same 
temperature will take up from such a mixture two-thirds of the oxygen which it 
would contain as sesquioxide. By the use of burnt lime the heat in the furnace is 
certainly increased, and the presence of this heat is made known by a rise in the 
temperature of the escaping gases. This increase in temperature, however, induces 
a greater formation of CO in proportion to CO-, perhaps through the oxidising power 
of the latter being increased, and, therefore, more carbon monoxide being necessary 
for the reduction, or perhaps through the carbon dioxide being more easily reduced 
by the carbon. Whichever may be the true explanation, the result remains the same, 
viz., an absorption of heat, which means a waste of fuel, so that the gain on the one 
hand is neutralised by a loss on the other. (I. L. Bell, Engineering, Sept. 1875, p. 203 ; 
Bingl. pel. J. ccxviii. 260.) 

Zrd Bug. 4 C 
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On Reiser’s proposed metliod of using gaseous fuel and mineral fuel from the 
more recent formations, in blast furnaces, see Bingh ml, J, ccxviii. 176 ; JaJiresh. /. 
Chem, 1875, 1023. 

Grases and Slags. — W. Kent {Engifieering and Mining Journal, April 1875, p. 228 ; 
Bingl. 'pol, J. ccxviii. 332) has calculated the composition of the gases and slags from 
blast &naees, basing his calculation on the obvious principle that whatever is intro- 
duced into the furnace must leave it in some form or other, ei^er as gas, or as crude 
iron, or as slags. The table on p. 1106 shows the result of the calculation for the 
Alfreton blast furnace, from data furnished by Dr. Percy. 

Formation of Chlorine-com'pounds in Blast-furnaces . — In several G-erman iron 
works, viz. the Concordia works at Benndorff, the Sophia works at Wetziar, and the 
Main-Weser works at Dollar, much damage has been dona to the furnaces by the 
formation of chlorine-compounds. At the Concordia works it was noticed that the 
iron plates of the furnace were destroyed, and that the pumice placed in compartments 
m. the throat of the furnace to absorb the gases, had assumed a yellowish-brown colour 
from the format^n of ferric chloride, and partly caked together. Pused salts, chiefly 
potassium chloride, likewise exuded through the walls of the furnace. Similar obser- 
vations were also made at other works. Kow chlorides do not occur in iron ore or in 
limestone, and they are not likely to be derived from the building material of the 
furnace. The source of them must therefore be looked for in the coke with which 
the furnaces were fed; and in fact the liquid obtained by lixiviating an average 
sample of 35 kilos, of this coke gave by analysis : 

43*54 grms, NaCl ~ *1209 per cent, on the coke. 

1*38 „ KCl =. *0038 

■72 „ MgO,SO« « *0020 

9*76 „ KO,S03 = *0271 

3*92 „ KS = *0108 „ 

9*58 „ CaS = *0266 

68*90 grms. salts = *1912 per cent, on the coke. 

Consequently a* furnace consuming daily about 50 tons of coke would at the same 
time receive 60-47 kg. NaCl and 1*91 kg. KOI, which together would be capable of 
yielding 38*73 kg. HCl, so that the decomposition of only a small proportion of these 
chlorides would be sufficient to account for the damage done to the furnaces. 

The analysis above quoted agreesmoderately well with those of many lime* springs, 
the only difference being that the former exhibits a larger proportion of sulphates. 
Now such waters are known to exist in the 'Westphalian coal-districts, and their use 
for quenching the coke would account for the presence of chlorides therein ; and, in 
fact, since the use of these waters at the Concordia works has been discontinued, the 
destructive action above described has no longer been noticed (Chr. Meineke, Bingl, 
'pol. J. ccxvii. 217). 

Analysis of White Fumes from a Blast-furnace near Longwy. — The ores used in 
this furnace are ferruginous oolite, with a matrix of clay-slate. They are reduced 
with coke, and with a blast heated to 500°-600°, in order to obtain black or grey pig- 
iron, like that from Scotch furnaces. Owing to the high temperature of the blast, a 
dense white smoke is evolved which incrusts the walls of the work. The portion of 
this crust which is soluble in water consists largely of potassium sulphate, hut no 
sulphide ; but the insoluble part evolves sulphuretted hydrogen on treatment with an 
acid. On analysis, the deposit was found to have the following composition : 

Portion soluble in Water. 

K^SO* ECl Soluble SiO“ 

37-82 3-90 1*52 0-12 == 43-36 

Insoluble portion. 

SiO“ CaO APO® FeO MnO MgO S 

22-98 15-88 9*62 4*00 0*16 0*36 notdet. == 53*00 

Hygrometric Water == 3*20 


99*56 


The following is the percentage composition of the insoluble portion (exclusive of 
sulphur) compared with that of the slag : 


SiO“ 

Insoluble. 43*3 

CaO 

30*0 

AI=0“ 

18-1 

FeO MnO 
7-6 0*3 

MgO 

0-7 

K«0 

s 

H=SO'‘ 

100 

Slag. 33-0 

43-7 

14*6 

3-6 

1-9 

1*7 

0*7 

0*2 - 

99‘4 


4 c 3 
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As the slag is more basic than the insoluble portion of the fume, it would appear 
that the latter is mixed with free silica; and on examination, it was found to contain 
fibrous silica, probably eTolyed as silicon sulphide, which, on exposure to moist air, 
was converted into fibrous silica. The potassium sulphate was probably due to the 
oxidation of volatilised potassium sulphide (L. Gruner, Qomft. rend, Ixxxii. 569). 

Lhnit of the Carhuration of Iron. — M. Boussingault {Cornet, rend. Ixxx. 850) 
infers, from experiments made by himself and by others, that the highest amount 
of carbon that iron can take up is 4*1 per cent., answering to^ the formula Fo^O. This 
compound may exist in the fused state, but undergoes dissociation, partly at least, on 
cooling, as shown by the appearance of graphite in the mass, so that the solidified 
iron may he regarded as a mixture of Te^O with free iron and free carbon. The 
transfoi’mation of grey into white cast-iron appears to be due simply to the manner of 
cooling the metal, rapid cooling producing the white, and slow cooling the grey variety. 

2, Silicon in IBig-iron. — The form in which silicon exists in pig-iron has been 
investigated by E. H. Morton {Chem. News, xxix. 107). When the iron is dissolved 
in a dilute acid, the silicon remains in the form of silica ; and the sameresult is obtained 
on heating Bessemer pig with fuming sulphuric acid or with iodine in sealed tubes, 
the air of which has been previously displaced by hydi’ogen or carbon dioxide, the 
formation of silica being attended, in the one case, with the formation of sulphur 
dioxide, in the other, when iodine is used, with deoxidation of carbon dioxide! The 
residue obtained on treating pig-iron with fuming sulphuric acid consisted of crys- 
tallised and amorphous silica, but did not contain a trace of free silicon ; neither was 
any silicon found in the residue left when the pig was dissolved in hydrofluoric acid. 
From these results Morton infers that the silicon in pig-iron is chemically combined, 
not merely mechanically mixed. When siliceous iron is decomposed by acids or by 
iodine, the silicon appears to be oxidised at the moment of liberation ; free silicon is 
nob affected by these oxidising agents. When pig-iron containing silicon is heated in 
a stream of hydrogen, the silicon is volatilised ; and by subsequently passing tlio gas 
into dilute potash-solution, acidulating this liquid, evaporating to dryness, and 
estimating the silica in the usual way, it was found that a pig-iron containing 4 '6 1 2 
per cent, silicon yielded to hydrogen 0’344 per cent., while a second specimen contain- 
ing 4*704 per cent. Si yielded to hydrogen 0*494 per cent. Free silicon does not 
unite with hydrogen, so that in this case also it appears that a compound of iron and 
silicon is decomposed by the hydrogen. 

Investigations on iron rich in silicon have been made by Troost a. Hautefouillo 
(Ann. Min. 1874, iv, 1). Iron of this description is employed in the Bessemer pro- 
cess, not only because it determines a higher temperatime in the converter, but because 
the refining of it is not attended with so great a loss by sparkling as is the case in 
the refining of ordinary pig-iron. The emission of sparks is occasioned chiotiy by tlio 
escape of gases contained in the pig-iron, but siliceous iron is very poor in gases, and 
when refined in a current of air, presents an appearance similar to that of lead in 
cupellation. 

Pig-iron, heated in an apparatus made of refractory silicates, always yields carbon 
monoxide, and at the same time takes up silicon ; this shows that iron carbide has 
the power of decomposing silicates and separating the silicon from thorn : 

Si 

A pig-iron originally containing 0*21 

contained, after 48 hours heating in a porcelain crucible 0*87 
24 „ „ gaiza „ 1*07 

Globules of metal which penetrated into the gaize contained 3*40 
A cast-steel originally containing 0*10 

contained, after 24 hours heating in a hessian crucible . 0*26 

» j) » gaize „ . 0-80 

These results show that, to fuse iron without introducing silicon into it, the fusion 
niust be effected in vessels of lime or magnesia. On the other hand, iron rich in silicon 
gives up a certain portion of that element when heated in a lime crucible. 

In the blast-furnace the absorption of silicon takes place only after the combination 
of the iron with the carbon ; that is to say, it begins in the boshes of the furnace, and 
is completed in the hearth. It is especially from the silicates of the alkali-metals 
that iron takes up the largest quantity of silicon. By fusing together crude potash, 
charcoal, iron filings, and silica, a regulus was obtained containing 15*16 per cent, 
silicon and 2*94 per cent, carbon. 

3. Manganiferous Cast iron. -The varieties of these alloys, containing not 
move than about 26 per cent, manganese, are known as Spiegeleisen; those with 
higher proportions of manganese are named Ferromanganese. The following 


C 

5*32 per cent. 
5-20 
3*20 

1*54 ” 

0*24 

0*70 „ 
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tables (p. 1110) contain analyses of spiegeleisen. Table!, by E. Kiley Soc. 
Jour, xxxii 7). — Table II. analyses of Carniola spiegeleisen by the Carniola Company 
at Laibach, to which are appended determinations of the carbon by Biley. 

According to Biley’s analysis in Table L, the percentage of carbon increases on the 
whole with that of the manganese. The analyses by the Carniola Company show 
rather the contrary result ; but Eiley’s analyses of the same spiegeleisens likewise 
show an increase of carbon on the whole from about 15 to 50 p^cent. manganese, 
though there is a decrease in the carbon between the samples containing 35 and 4:0 
per cent, manganese. In the ferromanganese containing 73 per cent, Mn, the per- 
centage of carbon is higher than in any of the spiegeleisens. (Bor methods of analysis, 
seepp. 1103, 1104). 

Spiegeleisen is largely produced in Germany, Bussia, and Sweden, and the ores 
from which it is obtained are of very different and peculiar characters. In Germany 
it is produced solely from spathic iron ores containing manganese ; in Bussia from 
manganese oxides containing iron ; and in Sweden by fluxing a mixture of knebelite 
and manganiferous garnet (combined silicates of iron and manganese). An important 
point with reference to these ores is that, if the iron and manganese oxides are not 
in actual combination as carbonates or silicates, they are in a state of very intimate 
mixture : for whenever pure manganese ores are added to the blast furnace mixture, 
with the view of obtaining spiegeleisen rich in manganese, the resnlt is always a 
failure, only a small fraction of the added manganese combining with the iron, while 
the greater portion is carried off in the slag. To produce pig-iron rich in man- 
ganese, the manganese must therefore be added to the mixture in the form of a 
compound containing iron ; the reduction process is thereby facilitated, since a 
mixture of the oxides of manganese and iron is more easily reduced to the metallic 
state, and is thus enabled to unite with the iron of the charge. With manganese 
alone there is a great tendency for this metal to pass into the slag as a silicate, 
from which it cannot be profitably recovered. To prevent this, the heat should 
be as great as possible, and the reducing power of the furnace almost complete. 
The oxides of manganese are much less easily reduced, and require more time and a 
much higher temperature than those of iron. In the production of spiegeleisen, the 
following points should be especially observed: — 

1. The manganese ore used should contain a large proportion of iron, in order to 
secure the easy reduction of a large portion of manganese. 

2. The furnace charge should be basic, ie., an excess of limestone, or, better, of 
burnt lime, should be used. 

3. The draught of the furnace should be much slower than in the ordinary process, 
in order to give more time for the reduction of the manganese. 

4. The furnace temperature should be as high as possible, the air employed as hot 
as possible ; and as coke bears a stronger pressure of air and develops a greater heat, 
it is preferred to wood charcoal in this process. 

At Bilipstad, in Sweden, spiegeleisen has been made by using native oxides cf 
manganese, especially Hausmannite, which contains 72 per cent, manganese. The 
iron produced contained only 4 per cent, manganese, the excess of the metal passing 
away in the slag. 

The ores employed in Germany for the manufacture of spiegeleisen are found in 
veins of the Devonian formation, on the east bank of the Bhine. They are spathic 
ironstones, which consist of carbonate of iron intimately mixed with carbonate of 
manganese. They further contain more or less copper and iron pyrites, with traces of 
galena and zinc blende, and frequent occurrence of quartz. Analyses of the products 
of three different mines gave the following results : — 




Stalilberg 

Kirschenbaum 

Huth 



p. c. 

p.c. 

p. c. 

Iron . . 


. 41-70 

42-58 

42-21 

Manganese , 

• 

. 8-16 

6-46 

8-70 


The well-known foliated texture of spiegeleisen depends more upon the amount of 
carbon contained in it than upon the amount of manganese. This structure is also 
better developed if the iron, after running off, is covered over with slag, so as to 
allow it to cool more slowly. 

The following analyses show the percentage composition of spiegeleisen manufac- 
tured with coke in Germany. 

C Si S Cu Ma Fe 

(1) 4-129 0-458 0-015 0-219 8-706 86-029 

(2) 5-04 0-41 0*08 0*16 7*57 86-74 

(^Borbos, Journal of iho Iron and Steel Institute, Beb. 1872). 
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Iron . . , , ... 

Manganese ..... 

Carbon . . , . . 

Silicon ...... 

Sulphur ...... 

Phospliorus . . . . I 

Co2iper . . . . , . j 

Almninium . . . . . 1 

Calcium . 

Ai’senic ...... 

Carbon (Riley) ... 


Carbon per cent, in ferro-manganese (73 per cent, manganese) . , , 6*324 6*253 6*288 





IEOH METALLUEGT. 1111 


'The following are analyses of tlie lest kinds of G-erman spiegeleisen imported into 
New York in the years 1868, 1869, and 1873 {JDingl. 'gol, J. ccxii. 350) 


1868 1869 1873 

- I — — ^ - JL 


Iron 

p. c. 

p. 0. 

p. c. 

p. c. 

p. c. 

p. c. 

. 85-570 

84*455 

84*122 

84*869 



Manganese . 

. 9*142 

10*625 

10*568 

10*223 

11*130 

10*22 

Copper . 

. 0-032 

0*034 

0*036 

0*031 

0*279 

0-20 

Cobalt and Nickel. 

. 0-005 

0*005 

0*004 

0*002 

. 



Silicon . 

. 0-068 

0*368 

0*286 

0*384 





Carbon . 

. 5*048 

4*304 

4*907 

4*461 





Sulphur 

. — 

0-002 

— 

0-001 





Phosphorus . 

. 0*037 

0*044 

0*014 

0-027 

0-039 

0*06 

Aluminium , 

. 0-082 

0*045 

0*032 

0*012 





Calcium 

, 0*015 

0*016 

0*021 

— 

— 

— 


The Newlirfirsey Zinc Company manufactured in 1874 from three furnaces 4,070 
tons of spiegeleisen having the following composition (JDmgl. jpoL J. ecxvii. 154) : — 

Fe Mn Si C P 

83*250 11*586 0-367 4-632 0*166 

83-22 11-67 0*99 4*02 0*19 


The function of manganese in iron metallurgy is explained by Troost a. Haute- 
feuille reyzc?. Ixxxi. 265) as follows : Manganese unites readily with the im- 

purities of iron, giving rise to compounds whose formation is attended with the 
evolution of a quantity of heat greater than that which is evolved in the formation of 
the corresponding iron-compounds. These manganese-compounds unite with oxygen 
more readily than iron- compounds, manganese even taking oxygen from the oxides of 
iron. At the same time the manganese in oxidising develops an amount of heat which 
greatly facilitates the formation of slag. 

Onthe Becarburation of S'piegeleiseoifS^QW. Raymond {Bingl. pol. J. cexx. 60; 
Jahresh.f Chem. 1876, 106). 

4. Manufacture of Big-iron containing Manganese and Bhosphorus 
(Le Ohatelier, Bingl. pol, J, ccxvi. 342). — ^Near Li^ge there occurs an iron ore which 
yields a pig-iron containing 4 per cent, of phosphorus, and when this ore is mixed 
with a manganiferous iron ore, found neai; Nassau, containing 16 per cent, manganese 
and 33 per cent, of iron, a pig is obtained, which easily gives up the phosphorus in 
puddling. At Grevign^e, 1,000 kilos, of coke, 1,500 kilos, of ordinary, and 500 kilos, 
of manganiferous ore are used for an iron containing manganese ; and for ordinary pig- 
iron, 1,000 kilos, of coke, 850 kilos, of lime, and 2,500 kilos, of ordinary ore. Three 
different sorts of pig-iron are manufactured, one containing more than 6 per cent, of 
manganese, which, when broken across, shows mirror-facets ; another with 3 to 6 per 
cent, of manganese, but with facets so small as hardly to be visible ; and the third 
contains less than 3 per cent, of manganese. The slags are green in the interior, and 
brown on the outside. They contain | to of the amount of manganese in the ore. 
If much lime is added, a white pig is formed, rich in manganese. 

The foUowi-ng are analyses of these pig-irons and their slags : 



a 

bed 

Pig-iron 

e 

f 

9 

h 


3*5 

— — 6-29 

2*25 

2*12 


— 


1*0 

0-6 — ^ 0*7 

0*98 

0*97 

0-213 

0*376 




not determined 

0*009 

0*05 

0*04 

— 


1*6 

1*09 3*46 — 

1*20 

0*52 

1*84 

2*804 


2*3 

3-04 1*60 5*27 

2*65 

2*73 

0*279 

— 


— 

— — — 

0*03 

— 

— 

— 

Si02 

a. Grevign6e; 6, c, d. Ougr^e; e,/. 

a 

. 32*75 

Doltain ; g, h, Esp&cance. 
Slags 

6 c 

35*00 39*00 

d 

38*00 


CaO 


. 36*00 

45*00 

40*00 

41*00 


MgO 


. 9*77 

— 

— 

— 


AP03 


. 17-82 

13*00 

12*00 

14*60 


FeO 


. 0*93 

3*76 

2*17 

2-17 


MnO 


. 1*21 

0*50 

2*00 

1-50 


S . 


. 0*74 

0*59 

— 

0-45 




~ 

0*36 

1-625 

0-20 



a. Slag from pig-iron containing 6 per cent, of manganese ; &, c, d. Slag fi-orn Esp6rance. 
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On the Conversion of this Pig-iron into Wroug]ii3 Iron and Steel, see p. 1116. 

5. Iron containing Copper, ^Wrought containing some tenths per cent, 
of copper is known to be red-short ; nevertheless, some of the best irons from Siberia 
have been found to contain from 0*01 to 0*03 per cent, of copper. Some specimens of 
steel contained 0*2 per cent., but the steel was not brittle, and had been used with suc- 
cess for the manufacture of steel axles. Specimens of cast iron from the blast furnaces 
of the South Ural mountains showed that the presence of copper in cast iron may amount 
to a higher percentage than in steel or iron, without altering the quality of the metal. 
The following is the composition of this peculiar sample of cast iron : 

Pe Cu Sn Co Si q 

83*514 8*123 1*252 0*501 0*952 0*125 3*001 2*312 = 99*780 

(S. Kem, Chemical News, zxxiv. 78). 

Leithner (Dingl. fol. e/. ecxi. 349) utilises the residues from the cupriferous 
pyrites which have been used in sulphuric acid Works to generate sulphurous acid, for 
the preparation of a cupriferous iron to be employg^^ in the precipitation of ‘ cement- 
copper.’ The burnt pyrites is freed as far as possible from sulphur^ a second 
roasting close to the blast-furnace, then mixed lime and smelted. The cupri- 
ferous pig-iron thus obtained yields up its eoppe,, to the solutions from which it 
precipitates the copper. 


miUahU Cast Iron{2ni Suppl. 696),_The chemical changes which take 
place m the mamifactara of this fand ofirou by heating ordinary cast iron in a bed of 
smithy scales, have been examined by Knssell Davenport (Mechanics' Magazine, 1872, 
p. 392; jnnglpolJ.ecm. 51). The samples examined were a quarter of an inch 
thick, and were analysed both before ignition and after each of two heatings. The 
following numbers represent mean percentages : 


Casting No 1 
Silicon 
Phosphorus 
Manganese . 
Sulphur 
Total carbon 

Casting No. 2 
Sib con 
Phosphorus 
Manganese . 
Sulphur 
Total carbon 


.Before 

^S'nitiou 

0*445 

0*315 

0*529 

0*059 

3*43 

0-585 

0*280 

0*585 

0*105 

3*48 


each of two 

heatings. 

After first 

After second 

ignition 

ignition 

0*438 

0*449 

0*327 

0315 

0*585 

0*525 

0*067 

0*083 

1*51 below 0*10 

0*614 

0*614 

0*290 

0*295 

0*616 

0*575 

0*147 

0*162 


0*43 below 0*10 


These numbp show that the proportions of .a;,, phosphorus, manganese, and 
sulphur _m pig iron are not essentially altered by ignition; the slight tacre.a,e of 
sulphur IS derived from the fuel. The cybon is wholty removed by Imating the iron 
to redness in contact with ferno o^de the burning out of the carbon proceeding from 
without inwards. After the first heating the castings exhibit a black nucleus sur- 
crust nearly free from carbon, fn the dark nncleus (technically 

W.I., 

texture; nevertheless they were not found to 

good iron chemically in any respect from 

7. Solution of Gases in Cast Jroji.— J f m j 

that grey cast iron absorbs hydrogen to the ainoimf on 09 
ignitiL in a vacuum, the hydmgen is given off.^oTtlf whb m Td 
volatile metals (zinc, c^mium, bismuth, 

heated in a vacuum with iron, their vapours are Sren'^n bv^tbe^V^r, 
heating the iron in a vacuum, the voMle metal ? 

sublimate on the side of the tube. deposited as a 

Parry {ibid. iv. 254) has also examined the t, i 

and grey pig-iron, bar-iron, and steel during the j)ror*PRt5P« nf spiegeleisen, white 

ing these several forms of iron in the vacuum of a Snrpno'pl ^^acture. By heat- 
er -TV,.,, V feiprengel pump, it was found that : 

50 grams of spiegeleisen yielded in three hours i o « « nf i ro „ i tnsn 
50 grains white pig gave in 6^^ hours, 13 c.c. ^ 

37 grams of bar-iron gave in two hours, 9*4 c.q, 

4*75 grams grey pig gave in two hours, 15*81 q q 
10 grams steel gave in two hours, 18*4 c.c. gas,' ‘ ‘ 
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Tercmtage Com^^osition of the Gases. 



CO* 

CO 

H 

N 

:om Spiegeleisen 

. 0*942 

17*87 

81*105 

— 

„ White pig . 

. 6*800 

2*32 

84*000 

6*88 

„ Bar iron 

. 9*920 

34*262 

54*100 

1*718 

„ G-rey pig . 

. 1*600 

5*200 

89*700 

3*250 

„ Steel . 

. 16*550 

24*352 

52*610 

6*488 


The experiments of Troost a. Hantefenille {ComjpL rend. Ixxri. 482, 5C2) on the 
action of iron carbide on siliceous compounds (p. 1110) show that, in order to study the 
absorption of gases by iron, it is necessary to employ a vessel free from silicon ; they 
therefore employed vessels made of carbon. 

Cast iron raised to a high temperature in a carbon boat in an atmosphere oi 
hydrogen undergoes tranquil fusion ; there is no disengagement of gas and no pro- 
jection of the metal. But if, after it has remained for some time in this atmosphere, 
the pressure of^he hydrogen be rapidly diminished, the disengagement of gas is ren- 
dered evident by the projection of globules of metal and particles of graphite, and if 
the temperature be allowed to fall at the same time, the metal solidifies during the 
disengagement of gas, and the surface of the ingot is rough. The solubility of hydro- 
gen in cast iron is much diminished by the presence of phosphorus or silicium 
(especially the latter) in the metal. Carbon oxide is much less soluble than hydrogen 
in cast iron, more especially in highly carburetted iron. 

These results were confirmed by extracting the gases dissolved or enclosed in pig- 
iron. A cylinder of the metal weighing 500 grams heated to 800® in a vacuum gave 
off in 190 hours 16*7 c.c. of gas consisting of 

Carbon dioxide Carbon oxide Hydrogen Nitrogen 

0*6 2*8 12*3 1*0 

The greater part of the carhon oxide was disengaged in a few hours, while the 
hydrogen was much more forcibly retained. 

The same cylinder of cast iron was afterwards heated to 800° for 48 hours under 
a pressure of 770 mm. (1) in hydrogen, and (2) in carbon oxide, and after each 
operation placed in a vacuum for 170 hours. The gases extracted in the two cases 
were — 

Carbon oxide Hydrogen Nitrogen 

(1.) 1*1 44*0 1-5 46*6 c.c. 

(2.) 14*7 1-5 0*7 « 16*9 „ 

Hence the order of solubility is the same as in the fused metal. 

To ascertain the effect of different proportions of carbon in the metal on the 
solubility of the gases, comparative experiments were made with cast steel and 
soft iron. Cylinders of these metals, each weighing 500 grams, when heated to 800® 
in a vacuum, gave off the following gases : 

Carbon Carbon 

dioxide oxide Hydrogen Nitrogen 

Cast steel . . . 0*05 1*4 0*5 0*25 = 2*2 c.c. 

Soft iron. . . . 2*20 10*8 4*4 1*1 18*5 „ 


These cylinders were heated to 800® (1) in hydrogen, and (2) in carbon oxide, and 
afterwards placed in a vacuum, as in the case of the cast-iron cylinder. The gases 
extracted were — 


From cast steel 
From soft iron 


(1.) 

Carbon oxide 
0*9 

Hydrogen 

6*4 

Nitrogen 

0*5 

(2.) 

2*0 

0*8 

0*4 

(1-) 

0*6 

10*0 

3*3 

(2.) 

13*7 

0*2 

0*1 


Steel retains the last traces of hydrogen much more forcibly than cast iron, not- 
•vrithstanding that when saturated with the gas it gives off a portion at the ordinary 
temperature, in this respect resembling palladium. Soft iron retains carbon oxide 
more forcibly than it retains hydrogen, contrary to what is observed with cast iron 
and steel. 

The evolution of gases from pig-iron has also been examined by A. Ledebur 
{Chem. Centr. 1873, 810), who attributes it to three causes : 1. Cases absorbed by the 
iron in the blast-furnace are given ofif in consequence of the reduction of pressure 
which takes place when the furnace is tapped. An alteration in the constitution of 
the metal during cooling may also give rise to the escape of dissolved gases. The 
greater the proportion of graphite in pig-iron, the smaller is the quantity of gas which 
it gives off. Iron rich in carbon takes up chiefly gases containing a large proportion 
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of hydrogen ; iron poor in carbon, especially in combined carbon, takes up chiefly 
gases in which the carbon predominates. 2. Erolution of gases also takes place in 
consequence of the contact of the melted iron with the air. The movement observed 
on the surface of the cooling iron is well known to be due to oxidation, a crusty of 
ferroso-ferric oxide, silica, and oxides of manganese forming on the surface, breaking 
up, and being continually reproduced. This very basic slag may act upon the fused 
carburetted iron in such a manner as to give rise to the formation of carbon oxide. 
3. Gases may be produced by the action of the fused iron on the sides of the mould. 
Even very carefully dried moulds contain small quantities of water, which is converted 
into vapour as the iron runs into the mould, and the steam passing through the molten 
iron gives rise to the formation of hydrogen, hydrocarbons, and hydrogen sulphide. 
The presence of this last gas is shown by the frequently observed occurrence of 
sulphur dioxide in the combustion of the gas which escapes from the iron. 

Gases from Sj^iegeleisen . — This alloy, in flowing from the blast-furnace, gives out 
a much larger quantity of gas than ordinary pig-iron. The latter runs into the 
channels with vivid sparkling, and gives out only a few gas-bubble;^ in solidifying, 
whereas spiegeleisen appears to be covered with a film of gas, and gives out a large 
quantity at the moment of solidification. The gas burns like hydrogen, not like 
carbon dioxide. The appearance just described may be imitated by slowly fucing 
200 grams of spiegeleisen in a lime crucible under the oxyhydrogen flame, then adding 
to the very hot bath 100 grams more, and removing the cover from the crucible as 
soon as this latter quantity is melted. In this case also, the shining metal-bath 
appears to be covered with a veil of gas, which may most readily be seen by placing 
the eye on a level with the specular surface of the metal. Gas-bubbles are then soon 
to escape from time to time from the metal, and for a moment increase the height of 
the flame. At the moment of solidification, the metal spits and gives oif a considerable 
quantity of hydrogen. Spiegeleisen, after solidification, retains a much larger quantity 
of gas than ordinary pig-iron. 500 grams of the two heated in a vacuum to 800® 
gave : 


Carbon Dioxide 
,, Monoxide . 
Hydrogen 
Nitrogen 


Pig'ii’on 

Spiegeleisen 

0’6 c.c. 

O’O c.c. 

2-8 „ 

0-0 „ 

12'3 „ 

27‘0 „ 

1*0 „ 

25 „ 

16'7 

29*5 


The carburetted manganese obtained by reduction of the oxide by charcoal in a lime 
crucible, absorbs, when heated to redness in a flame of hydrogen, a larger quantity of 
this gas than iron containing an equal proportion of carbon. Hence it appears that 
manganese increases the capacity of iron for absorbing hydrogen, but diminishes its 
power of absorbing carbon monoxide (Troost a. Hautefeuille, Comgt. rend. Ixxx. 909), 
8. Absorption of Heat bg Pig-iron, Slags, and Steel at High Tempera- 
tnres . — The following numbers denote units of heat absorbed by a unit-weight of 
the substance ; they were determined with a water-calorimeter, and represent minima, 
inasmuch as small losses of heat were unavoidable. 1. The several varieties of grey 
pig, as they run from the furnace, take with them only 280 to 28f5 heat-units, but 
while in the hearth they often contain from 300 to 310 units. 2. White pig under 
the same circumstances contains 20 units less. 3. Grey pig at its solidifying point 
contains 244 to 245 units, and immediately after solidification 221 to 222 units. 
4. White pig at its solidifying point retains 225 to 235, and immediately after solidi- 
fication 192 to 203. The several varieties of white pig have therefore a latent heat 
of 32 to 34 units, the grey only 23 units. 5. The slags contain l-g as much heat as the 
iron, in the case of grey iron therefore 500, and in that of white iron 460 heat-units 
at the moment of tapping. 6. The latent heat of the slags is about 50 units. 
7. Bessemer steel obtains by refining 30 heat-units more than pig-iron; fused 
steel often contains only 300 units. 8. The melting points of these varieties of 
iron and steel, as determined by Gruner, agree with those observed by Pouillet : 


White pig-iron melts at 1050®-! 100® 

Grey siliceous pig-iron 1200° 

Cast steel 1350°~1400® 

White pig-irons running from the furnace have a temperature of . 1250®-1300® 

Grey pigs have a temperature of 1350®-1450° 


Bessemer steel attains in the converter, at the moment of refining, a 
temperature of at least 

(L. Gruner, A7m. Mm. [7], iv, 224 ; Pmgl pol. J. ccxii. 527). 



WROUGHT IEOH. 


1115 


II. Wrought Iron. 1. Refining of Fig-iron, — A. Warner purifies pig- 
iron by subjecting it in tbe fused state to the action of a mixture of soda (sodium 
carbonate) and lime, using for each 1 per cent, of silicon to be removed, 20 soda 
and an equal quantity of lime to a ton of iron. The lime being divided and distributed 
by the melting soda comes into intimate contact with the iron, and abstracts its silicon 
and sulphur. The action, which is energetic, lasts for twenty to thirty minutes, and 
two slags, consisting of silicates and sulphides, collect on the surface, below which the 
iron is tapped off. Iron thus refined contains only 0*04 per cent, sulphur and OTO to 
0T4 silicon {Dingl. pol. J, ccxvi. 490; Engineering, 1875, 132). 

According to a later communication by E. Bigo (Dingl. ccxviii. 125), Warner 
endeavours to effect the removal of silicon and sulphur by means of various mixtures 
of sodium carbonate and infusible substances. He uses ; a. 2 pts. by weight of soda 
and 3 pts. of ferric oxide ; 1 ton of pig-iron of 1 per cent, silicon requires 40 kilos, of 
the mixture — b. 1 pt. of soda and 2 pts. of oxide of manganese, 40 kilos, being required 
for 1 ton — 0 , B pts. of soda and 2 pts. of slaked lime ; 1 ton of iron requires for every 
per cent, of silicon 38*5 kilos, of the mixture — d, 1 pt. soda and 2 pts. of fluor spar 
this fiux, however, cannot in general be recommended, though it answers well in 
special cases, Sodium carbonate, owing to its price, is added only in quantity abso- 
lutely necessary to obtain the desired object of bringing the action of the cheaper and 
specially refining agents into full operation. 

2, Puddling . — A report on the progress of Mechanical Puddling (272(^ Suppl. 
697) has been published by P. Tunner (Dingl.pol J. ccxiii. 123). Biley a. Henley 
have adapted a principle, first laid down by J. v. Ehrenwerth, to the construction of a 
mechanical puddling fiirnace, in which a horizontal circular chamber revolves round a 
vertical axis under an arch similar to that of the ordinary puddling furnace. A 
great improvement in this furnace has been made by Pernot, -who inclines the circular 
chamber towards the working door in such a manner that during the rotation part 
of the inclined hearth remains uncovered by the iron and slag. This part of the 
movable hearth, which projects into the hot air-stream, is subjected to powerful 
oxidation, but the oxidised products are immediately taken up by the bath of metal, 
slag, &c. With Pernot’s furnace, the stirring, or puddling, properly so called, is 
performed by machinery, but the bolting up is effected in the ordinary way. At the 
works of Petin a. G-audet in St. Ghamond, a furnace thus constructed yielded in a week 
(with eleven 12-hour shifts), 500 centners of puddled iron, whereas an ordinary hand- 
puddle furnace yields only 240 centners. 1000 kg, wrought iron were produced from 
1030 kg. pig-iron (in the ordinaiy puddle-furnace, 1200 kg. of pig would be required); 
and the consumption of coal was reduced from 1500 to 1200 kg. 

On Hanks’ puddling furnaces, see J. M. Hrown {Engineering mid Mining Jonrnal, 
xvi. No. 5; Chem. Oentr. 1874, 107). 

A new method of converting pig-iron into wrought iron and steel is described by 
P. C. Knowles {Monit. soient. [3], iv. 334). He endeavours to obviate the chief 
inconveniences of the ordinary puddling process (great loss of heat, waste of iron by 
burning, imperfect purification of the iron) by separating the heating from the chemical 
process: (1). By the production of a very basic slag containing not more than 
30 per cent- silica ; (2) by the use of caustic soda and pure ferric oxide, with the view 
of removing sulphur and phosphorus from the iron ; (3) by the use of sodium nitrate 
or permanganate as oxidising agent. Gaseous ffiel is used, consisting of carbon 
monoxide mixed with air heated to 500°. The carbon oxide is either obtained from 
tbe furnaces in which the iron is remelted with coke or anthracite, or it ’is produced 
by passing carbon dioxide obtained by ignition of limestone over red-hot coke ; or, 
lastly, by the action of water- vapour on charcoal. The carbon oxide "and air are 
mixed in such proportions as just to burn the whole of the carbon to dioxide.' This 
carbon dioxide may he reconverted into the monoxide, and the alternation repeated 
till the mixture becomes too rich in nitrogen, after which the heat of the burning 
gases may be - utilised for heating boilers, lime-kilns, &c. 

The iron in the fused state is brought into the furnace, which is made of cast iron 
and has its walls kept cool by a stream of water. To avoid presenting too much 
silica to the slag, this furnace has no lining of fire-clay, but is lined internally with a 
kind of enamel made of ferrous or manganous oxide, emery or bauxite, and a small 
quantity of caustic soda : this lining is said to be very durable. Powdered ferric 
oxide (hematite) is introduced into the furnace, together with the melted metal, and 
the mixture of carbon oxide and air is introduced through the bottom of the furnace, 
whereby a sufficiently uniform mixture of the contents is effected. As soon as the 
silicon of the pig has been converted by this treatment into a slag, the latter is removed 
and replaced by a mixture of caustic soda and manganiferous iron ore free from silica. 
The pig-iron having been freed by these reagents from carbon, sulphur, and phosphorus, 
is run into moulds, then cooled by water, and worked under rolls, hammers, &c. 
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Manufacture of Wrought Iron and, Steel from Pig^ron containing Phos;phorus and 
Manganese (p. 1111). — The iron is refined in puddling furnaces, the waste heat being 
used for heating steam-boilers. The charge used is a mixture of manganiferous^ iron 
with white pig, made from somewhat purer ore than that which yields ordinary 
pig-iron, and usually contains less than 1 per cent, of phosphorus. When the iron 
contains not more than 5 per cent, of manganese, it is sometimes puddled alone, but it 
is more generally mixed with white iron containing less than 1 per cent, of phos- 
phorus. The charges consist of 200 to 225 kilos.; for best sheet iron, 175 kilos, 
of spiegeleisen containing 7 per cent, of manganese and 50 kilos, of white pig, or 50 
kilos, of German spiegeleisen containing 12 per cent, of manganese and 175 kilos, of 
white pig-iron; and for second quality,- pig-ii’on with 5 per cent, of manganese. 
The action is carried on at a high temperature, and at such a rate that only four 
charges of 900 kilos, of pig-iron are refined in twelve hours. The loss of iron amounts 
to 5 per cent. The production of 1 pt. of fine-grained iron requires the consumption 
of 1 pt. of coal. The manganese facilitates the purification of the iron, chiefly by 
forming fusible slags. The strongly basic properties of the manganous oxide are said 
also to promote the formation of acids from the impurities in the iron. I 

At the Terre-Noire Works near St. Etienne in France rails are manufactured from 
iron containing phosphorus. A white iron (not steel) is.produced by melting pig-iron 
with old rails, — both irons must be poor in silicon, — removing the impurities by 
oxidation, and reducing the oxidised iron by the use of an alloy of iron and manganese 
containing from 40 to 60 per cent, of the latter metal. Almost the whole of the 
carbon is then removed, and a product is obtained which makes excellent rails [Chem, 
Centr. 1876, 709). 

On the separation of Carbon, Silicon, Sulphur, and Phosphorus, in the 
Eefining and Puddling Furnace, and on the Bessemer Converter, see J. L. Boll {Jotmml 
of the Iron and Steel Institute^ 1877, 390 ; JJingl. pol. J, ccxxv. 264, 357 ; Chem. Soc. 
J. xxxiv. 95). 

3. Preparation of Malleable Iron and Steel direct from the Ore , — 
The rotatory furnace invented for this purpose by Dr. C. W. Siemons, and the mode of 
working it, have already been described (ftnd Suppl. 701-704). In the Journal of the 
Iron and Steel Institute, 1875, Dr. Siemens has given an account of the results 
obtained at the Towcester Works, where three rotatory furnaces have been erected. 
About 30 cwt. of ore mixed with 9 cwt, of small coal having been charged, the furnace 
is rotated for hours ; the slag is then tapped, and the speed of rotation increased 
to hall up the iron. The balls formed contain about 70 por cent, of iron and 30 per 
cent of. cinder, but it is found that the particles of iron are pure metal, although the 
slag may contain 6 per cent, or more of phosphoric acid and from I to 3 per cent, of 
sulphur. The hulk of the cinder is removed by shingling, hut sufficient remains to 
impart to the fracture a dark appearance without any sign of crystalline texture. The 
metal in being worked shows what may he termed ‘ slag-shortness.’ By ropiling and 
reheating, crystalline iron of great pnrity and toughness is produced. 

The following table shows the composition of some of the irons produced : — 


Fe 

Si 

C 

P 

s. 

Mn 


Fe 

Si 

c 

p 

s 

Mn 



1 

2 

3 

4 

5 

G 

7 


98*30 

98*73 

99*45 

98-97 98-909 

— 

99-907 


•745 

•243 

•643 

•565 

•582 



•640 


— 

— 

— 

•235 

•225 

•15 

•100 


•08 

•032 

•03 

•019 

•02 

— 

•128 


•065 

•071 

trace 

•085 

•106 

•09 

•035 


•144 

8 

•101 

9 

trace 

10 

•126 

11 

•158 

12 

trace 

13 


99-128 

99*728 

— 

99-711 


99-278 

99*199 


•717 

•932 

— 

•065 


•316 

•4 


trace 

trace 

— 

•12 


•12 

•15 


*125 

trace 

•024--172 

•077 


•073 

•05 


•03 

trace 

— 

•27 


trace 

trace 

Fe 

•228 

•34 

14 

15 

trace 

16 

17 

•213 

18 

•201 


, — 

— 

— 

— 




Si 


. *316 

•155 

•23 

•026 

•027 


c 


. trace 

trace 

trace 

•1 

•1 


p 


. -019 

•046 

•083 

*09 

•093 


s 


. trace 

trace 

•06 

•021 



Mn 

. 

. trace 

trace 

trace 

trace 
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1. Hammered iron. — 2. Iron from Canadian ore. — 3. Iron from Towcester ore. — 

4. The same well rolled. — 5. The same badly rolled. — 6. The same badly hammered, 
containing slag. — 7. Ohatterley.— -8. Towcester iron, rolled — *717 Si corresponds to 
1'54 per cent, of slag. — 9. Iron from Indian ores. *932 Si corresponds to 2 per cent, 
of slag. — 10. Phosphorus in Towcester iron. — 11. Homogeneous iron, from Towcester 
iron. — 12 and 13. Towcester iron, rolled. — 14, Towcester iron-bloom, containing 3T7 
per cent. slag. — 15. Iron, fractured bloom, crystalline texture, slag 1'58 per cent. — 
16. Iron, fractured bloom, texture fibrous and dull, slag 2*61 per cent. — 17 and 18. 
Iron remelted in the refinery. 

Attempts to prepare malleable iron and steel by Siemens* method at Privali are 
described by v. Prey (JDingl.fol. J. ccxvii. 69). 

Blair’s method of preparing malleable iron direct from the ore is described by 
P. Tunner {ibid, ccxvi. 304 ; Jahresb.f, Chem, 1875, 1017). 

4. Fibrous Iron. — H. Le Cbatelier observes {Comgt.rend. Ixxxii. 1057) that when 
fibrous iron is heated to dull redness in a stream of chlorine, there remains, after the 
volatilisatioji of the iron chloride, an extremely thin, greenish- white network com- 
posed of threads of slag, and to the enclosure of these threads in the mass of iron he 
attributes its fibrous structure. This network of threads appears to be formed when 
the slag is difficult of fusion and the iron is puddled at a comparatively low tempera- 
ture. Fibrous iron smelted with charcoal from the Jura was found to contain 0*7 
per cent, of this slag ; fibrous charcoaldron from Belgium yielded 1-3 per cent. 

5. Cause of Brittleness in Wrought Iron. — F. Kick (Bzngl. pol. J. ccxiii. 
358) observes that the molecular change in wrought iron which results in brittleness 
is brought about, not only by frequent agitation, but also by sudden cooling from a 
high temperature. Boiler plate 10 mm. thick heated not quite to redness, and then 
quickly cooled in water, exhibited a crystalline layer 1 mm. thick on each side of the 
nucleus, which had remained fibrous. Kick is of opinion that this change of structure 
may lead to the bursting of steam-boilers. 

On Homogeneous Iron and the degree of Homogeneity to he expected in Iron 
produced by various systems of Puddling and subsequent "Working, see Engineer ^ 
May 11, 1877, and Chem. Soc. J, xxxiv. 253-257 ; also JOmgl. ^ol. J. ccxxvi. 394; 
Chem. SoG. J. xxxiv. 257. 

6. Burnt Iron {2nd 700). — ^According to H. Caron {Compt, rend. Ixxvii. 

836) burnt iron may be regenerated, that is to say. restored to the state of malleability, 
by plunging it, while red-hot, into a saturated solution of common salt, till its tem- 
perature is reduced to about 110^. 

7. Soft Iron. — J. A. Cabell xxx. 142) has analysed iron found in 

crystalline granules on the wall of ’a welding furnace, in which Heaton steel had been 
heated for forging. This iron was soft, easy to file and saw, did not become hard by 
sudden cooling, and showed indeed all the properties of bar iron. Sp. gr. 7 '8 6, Its 
composition was remarkable, as shown by the following analysis 

C Si S P Pe 

1T2] 0-024 0'037 0*436 98'382 = 100. 

8. Spongy Iron (G. Lunge, Bingl. pol. J. cexix. 325). — The preparation of 
this kind of iron, which is extensively used for the reduction of cement-copper, requires 
the uniform heating of an extended porous mass. This is effected by heating the 
ore and reducing agents in a reverberatory furnace having a very wide horizontal sole. 
"V’ertical partitions divide the over-arched heating space into three parts, each 
provided with two working doors in the side walls. These divisions are filled 
through doors in the arched roof, on which the materials have been previously 
warmed, and they are emptied by pipes passing downwards from the working doors 
in the sole ; these pipes may be connected with conically widening collecting vessels 
which can be tightly closed. The grate, situated 1*422 m. below the fire-bridge, 
admits of a thick layer of fuel and thereby ensures a constant reducing flame. The 
fire-gases, after leaving the furnace, pass over the sole, composed of chamotte tiles, 
and finally arrive at the reducing furnace. The furnace, which is raised to a bright 
red heat, admits of the introduction in each division of 20 ctr. of dry ^ purple ore * 
(impure ferric oxide from the copper extraction) mixed with 6 ctr. of comminuted 
and sifted coal to reduce it. The process is completed in nine to twelve hours in the 
first division, in eighteen hours in the second, in twenty-four hours in the third 
division, and requires in these intervals repeated working of the materials with closed 
furnace doors. The spongy iron, after cooling in the collecting boxes, is ground, 
sifted, and used for the precipitation of copper. 
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9. Bronzing of Iron. — ^For this purpose Ph. Hep recom m ends, in place of a 
fil-m of ferric oxide, whicli is difficult to produce, the formation of a film of ferroso- 
ferric oxide. This is produced by smearing the surface of the iron with linseed oil, 
and then heating it, or if a strong heat is inadmissible, dipping the uniformly oxidised 
article into water at 100°. Still more quickly is the bronzing produced in an acid 
bath of ferric chloride. The ferroso-ferric oxide which forms after a while attaches 
itself closely to the surface on immersing the object in hot water, and after drying 
may be rubbed in with linseed oil or wax. It is true that objects bronzed with 
ferroso-ferric oxide are liable to rust after some time, but the bronze-surface does 
not peel off, and the rust is easily brushed off. 

Iron surfaces may also be protected by forming cuprous sulphide upon them. 
For this purpose the objects, after being cleaned, are dipped in solution of cupric 
sulphate, and as soon as a thin film of copper is formed on them, they are rinsed with 
water, and treated with a slightly acid solution of sodium thiosulphate, whereby a 
black deposit of cuprous sulphide is formed. The surface, after drying with blotting 
paper, and treatment with the burnishing stick, exhibits a steel-blue shimmer, and 
withstands satisfactorily the action of atmospheric agents. ^ 

10. Coating of Iron with other Metals. — (1). With Copper. The follow- 
ing methods are described by A. G-audoin (Dingl. pol. J. ccviii. 50). a. The required 
quantity of copper is fused in a crucible ; the metal bath is covered with a flux of 
cryolite and phosphoric acid ; and the iron, after being heated to the temperature of 
the bath, is ffipped into it. — b. A mixture of 1 pt. dry chloride or fluoride of copper, 
and 6 or 6 pts. of cryolite, to which ‘ a certain quantity ’ of barium chloride may be 
added, is fused, and the iron, after being cleansed with acid, is dipped into this bath. 
The deposition of the copper may be accelerated by a voltaic current. — c. For the 
coppering of iron in the wet way, a strongly acid solution is required. An oxcollont 
bath for the purpose is made by dissolving cupric oxalate and a large excess of 
potassium bi- ox quadroxalate in a ten to fifteenfold quantity of water. In this case 
also the aid of the current is advantageous. 

On the Coppering of Cast Iron Boilers for Calico-printing, by Electrolytic deposi- 
tion, see G. Schaffer (BtiU. Soc. industrs. do Mtdhouse^ xliv. 120; Jahresh. f. Chem. 
1874, 1093 ; Chem. hoc. J. xxviii. 196). 

(2) . With Zinc. The iron is first cleansed with dilute sulphuric acid, and 
immersed for a time in water mixed with milk of lime. It is then dipped, first into 
a solution of zinc chloride (prepared by saturating common hydrochloric acid with 
zinc) containing a quantity of sal-ammoniac equal to per cent, of the weight of the 
zinc chloride. In this solution the iron becomes covered with a thin coating of zinc, 
the thickness of which may be increased by immersing the dried iron in fused zinc 
till it has acquired the temperature of the bath {Dingl. g)ol. J. ccvii. 340). On the 
‘ galvanisation ’ of iron, see also F. A. Thum {ibid, ccxvi. 339). 

(3) . With Nickel. The bath used consists of a 6 to 10 per cent, solution of zinc 
sulphate containing a quantity of nickel sulphate sufficient to give it a bright green 
colour (Bohm, Ber. 1876; Jahresh. f. Chem. 1876, 1103). According to Hess 

tT. ccxvii, 256) the nickel bath used by Plazanet consists of 87*5 grams 
nickel sulphate, 20 ammonium sulphate, 17’5 citric acid, and 2 litres of water. 
According to Boden (ibid.), a nickel bath much used in France is prepared by dis- 
solving 4 pts. nickel nitrate in 4 pts. aqueous ammonia, and 150 pts. water holding 
in solution 50 pts. of acid sodium sulphite. With the aid of a very feeble current 
the deposition is completed in a few minutes. There is no necessity for interrupting 
the process in order to clean the surface and thereby ensure the desired thickness of 
the deposit ; the nickelled objects merely require to be dried in sawdust. 

(4) . With Tin. Iron tacks maybe tinned by triturating zinc chloride with a 
considerable quantity of oil ; heating the mixture in a swinging pot ; then adding 
the tacks, together with the requisite q^uantity of tin ; after a few seconds the tinned 
tacks are withdrawn by means of a wire net and thrown into water (J. Wiley, Berk 
Ber. vii. 1465). 

(5) . With Gold and Silver. To obtain iron capable of being directly silvered 
or gilt, Delatol {Blngl. ccxv. 471) adds to 1,000 pts. of east iron, 12 pts. nickel, and 0*5 
pt. manganese. Objects made of this alloy require merely to be cleansed with milk 
of lime, and may then be plunged into the following baths. 
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GoldrbatK 

Water 

Sodium Bicarbonate . 
Sodium Pyrophosphate 
Auric Chloride . 

Sodium Cyanide 
Hydrocyanic Acid 


. 100 pounds. 

Silver-hafh. 

Water . . . . 

• H 

Sodium Bicarbonate . 

• „ 

Silver Chloride or Nitrate . 

. f oz. 

Potassium Cyanide . 

1 „ i 

Hydrocyanic Acid 

. 2 drops. 


100 pounds. 
2 „ 

2 oz. 

6 „ 

10 drops. 


11. Mtching of Iron and Steel . — The action of acids on various kinds of iron 
and steel produces markings which give an insight into the structure of the metal, 
its composition, and the manner in which it has been worked, A convenient etching 
fluid is composed of 1 pt. hydrochloric acid, 1 pt. water, and a trace of antimonic 
chloride (one drop of a strong solution of the latter to a litre of the dilute acid.) 
The surface to be etched, having been previously rendered even by filing or grinding, 
is surrounded with a ridge of was: about f-inch high ; the acid is poured into the 
space thus ma^ed off ; and the progress of the etching is observed every half-hour, 
the acid being renewed if necessary. When the etching is complete, the surface is 
washed, first with alkaline and then with pure water, and protected from rusting by 
a coating of Da m m a r varnish. The addition of antimony chloride to the etching 
liquid serves also to prevent too rapid rusting. 

Soft fibrous iro7i thus treated is etched so uniformly that the surface remains 
light-coloured and with a faint lustre, but little carbon separating out ; imperfect 
spots or ash-cavities however are brought to light. Fhie-grained iron exhibits a 
similar aspect, the etched surface being generally more uniform, but darker in colour. 
Coarse-grained and cold-short iron is strongly attacked by the acid ; the etched surface 
under the acid becomes black in ten minutes ; and after thirty minutes a black deposit 
may be washed off it, the metal itself however remaining black and being marked 
with numerous small holes. Malleable cast-iro7i is very strongly and uniformly 
etched. Fuddle-steely ceme^it-steel, and Bessemer steel yield uniform light-grey etch- 
surfaces, in which the lines of separation of the layers and imperfect spots show 
themselves, the finest capillary fissures being brought to light by the etching. Grey 
fig-iron yields a dark-grey uniform etching. Soft iron distinctly shows the white 
constituents as light-grey markings on the dark ground formed by the grey pig. The 
application of this etching process to finished goods shows the kind of metal of 
which they are made and the manner in which it has been worked. The mode of 
packing in the forge may in like manner be recognised in the finished pieces (F. Kick, 
Bingl, fol, J. ccxii. 40). 

TTT. Steel. Frefaration from Cast Iron. Bessemer Frooess . — Cast 
iron for this purpose should be rich in silicon, but as free as possible from sulphur 
and phosphorus. Only a few ores yield pig-iron of this description ; the best is red 
hematite, then come brown hematite, magnetic iron ore, and lastly clay iron ore, in 
so far as this last can be used for making Bessemer steel (W. Baker, Chem. Nemt 
xxvii. 25). 

F. Tunner {Brngl. fol. J. ccxv. 507) observes that a large proportion of silicon in 
pig-iron certainly facilitates the Bessemer process by raising the temperature of the 
fnrnace ; hut that, on the other hand, it is scarcely possible to obtain steel free from 
silicon by the use of pig-iron containing that element in large proportion. If the 
product is to he used as unhardened steel, the presence of silicon is not objectionable, 
but it greatly interferes with the hardening of steel. Tools and articles of similar 
description should therefore never be made of Bessemer steel prepared from siliciferous 
iron ; steel for such purposes is best prepared by easting. 

Eochussen a. Daelen prepare steel from pig-iron by lining the Bessemer converter 
with ferric oxide (pulverised ore), which supplies at least half the oxygen required 
to burn out the carbon ; consequently the quantity of air required to be blown into the 
converter is less than in the original process, and the quantity of steel obtained is 
increased by the reduction of iron from the furnace lining. The temperature of the 
furnace is at least as high as when no ferric oxide is used, and is indeed increased by 
the combustion of the carbon oxide resulting from the mutual action of the ferric 
oxide and the carbon of the iron. As the carbon oxide is not formed till the metal 
bath has become strongly heated by the combustion of the silicon, a larger quantity 
of air is required in the latter stages of the process than at the beginning. To ensure 
this, the tuyere-holes at the bottom of* the converter are closed at first by the furnace 
lining, and it is only when this lining melts that the blast has full play {Engineer 
April 1873, p. 249; Bingl. fol. J. ccix. 416). 
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H. Sch'W’arz observes that, in working the Bessemer process, it sometimes happens 
that the usual appearances indicating the end of the operation present themselves 
before the oxidation of the carbon is really complete. This happens most freiiuently 
when the charge becomes too hot, and Schwarz considers it probable that under these 
circumstances the temperatm’e of dissociation of carbon dioxide is reached, so that the 
oxygen of the air passes through the molten iron without combining with the 
carbon. 

Use of F&rromanganese and B^ficgeleisen in the Bessemer process (F. Grautier, Bmgl. 
poL J. ecxxii. 48).---The ferrosoferric oxide formed in the Bessemer process when no 
manganese is employed, passes into the steel and renders it red-short, whereas 
manganese, if present, reduces the ferrosoferric to ferrous oxide which, together with 
the manganous oxide formed at the same time, readily passes into the slag.^ A 
certain quantity of manganese is nevertheless found in the steel produced, and it is 
not yet ascertained how far the improved quality of the product is due to its presence. 
In the Bessemer and Siemens-Martin processes, from 1 to 10 per cent, manganese is 
added to the steel in the form of Spiegeleisen. The use of this alloy is however 
attended with an increase in the proportion of carbon in the product^ and to avoid 
this, manganese' alloys containing 75 per cent, manganese, prepared at the Terre 
Koire works, have lately come into use. Grautier is of opinion that the addition of 
1 per cent, manganese in this form to the molten mass is sufficient for the preparation 
of the softest steel : for, as was first observed by Bessemer, the manganese removes 
from the steel, not only ferrosoferric oxide, but likewise the greater part of the 
carbon. A specimen of steel prepared with ferromanganese showed a somewhat 
narrower range of elasticity and a somewhat smaller coefficient of tenacity than steel 
obtained with spiegeleisen ; on the other hand its extensibility was more than three 
times as great as that of spiegeleisen steel. Now Mallet has shown that the con- 
structive value of steel for parts of machinery, plates, &c., is measured by the product 
of the coefficient of tenacity into the final expansion : hence it follows that, for the 
uses just mentioned, ferromanganese steel is decidedly preferable to spiegeleisen steel, 
notwithstanding the greater tenacity of the latter. The product just mentioned is for 
hard steel, 305; for soft ferromanganese steel, 700 ; for ordinary iron, 105. It is 
recommended to add the ferromanganese red-hot to the mass in the converter, sinco 
such a mass added in the cold state might give rise to dangerous spirting. 

The association of carbon with silicon greatly interferes with the preparation of 
soft steel, whereas steel not containing carbon forges readily even if it contains 7*5 
per cent, silicon. Sulphur, if present in the raw material even to the amount of 
1 per cent., may be removed almost completely, during the smelting in the blast furnace, 
by a copious addition of hme or manganese. 

2. JPhosphorised Steel. — The proportion of phosphorus in steel containing 0*5 
per cent, carbon must not exceed 0*05 per cent., otherwise the steel will not roll well. 
The removal of the carbon from such steel by the use of ferromanganese is especially 
desirable, since it has been found that steel containing as much as 0-4 per cent, phos- 
phorus may be rendered soft and tenacious, provided that the proportion of carbon in 
it is reduced to a mere trace. Phosphorised steel becomes softer by rolling, its 
granular texture changing at the same time into fibrous. The presence of a some- 
what considerable proportion of manganese, up to 1 per cent., in phosphorised steel 
increases its power of resisting shocks. A so-called manganese-steol, very poor in 
carbon, may be prepared by the Bessemer or iSiemens-Martin process, if 1 *5 per cent, 
manganese in the form of ferromanganese be added to 60-75 per cent, of the fused 
metal ; the product is a steel containing 1 per cent, manganese, and at most 0*5 per 
cent, carbon. Such steel is very flexible, and exhibits great resistance to shocks. 

A. Greiner {Bev. scienL 1874, xxxv. 623; Bingl. pol. J. ccxvii. 33) describes the 
manufacture of phosphorised steel at the Konigin-Marien Works at Kainsdorf near 
Zwickau, and at the Max Works near Sehwandorf in Bavaria. The pig-iron used at 
Zwickau contains on the average 2*50 per cent, silicon, 0*04 sulphur, OTO to 0T2 
phosphorus, 2*6 to 4 manganese, and 3-5 carbon ; that of the Max Works contains 
OTO percent, phosphorus (minimum), and 4 percent, manganese. These pig-irons, 
when remelted in the cupola, take up an additional quantity of phosphorus from the ash 
of the coke, which at the Max Works sometimes contains from 0*33 to 0*4 per cent, 
phosphorus. The reaction between the blast and the metal in the converter is very 
violent, and the converter is therefore made higher than usual, in order to prevent 
the slag from being forcibly thrown out. The steel decarburised by the blast- towards 
the end of the refining operation contains so much manganese, that the addition of 
spiegeleisen may be dispensed with, and the metal run off directly at the moment of 
completion. 

The spectroscopic recognition of the completion of the process is more difficult in 
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the case of manganese pig than in the ordinary operation of refining, partly from the 
intense brightness of the flame produced by the oxidation of the manganese, and partly 
from the thick smoke of brow oxides arising from the liquid mass. Towards the end 
of the operation, however, the black lines towards the blue end of the spectrum dis- 
appear, and those in the green become fainter ; then the latter disappear, while those 
in the yellow become faint, and so on. When ail these absorption-bands have vanished, 
and the spectrum has again become continuous, the decarhuration is known to be 
nearly completed. The blast may then be continued a minute or two longer ; a 
sample of the contents of the converter — metal and slag — taken out on the end of an 
iron rod ; the colour of the slag is examined, and the hardness of the metallic globules 
tested by hammering. If the slag is black on the outside, the steel is very soft ; a 
brown colour of the slag also indicates soft steel; orange, half-hard; and dark-yellow, 
hard steel. A globule of soft steel may be hammered out to a plate without any 
cracks on the edges ; but the harder the steel, the deeper and more numerous will be 
the cracks. 

At the Marien Works, two converters holding 5 tons each yield in 24 hours and 
14 tappings, ^3 tons of manganese steel, about 10 per cent, of the metal being lost by 
burning. The steel contains from 0*4 to 0*7 per cent, silicon, 0*06 sulphur, 0*10 to 
0*15 phosphorus, 0*4 to 0*7 manganese, and about 0*15 carbon. Steel containing 
more than 0*20 per cent, phosphorus is brittle. 

The chief use of the phosphorised steel above described is for the manufacture of 
rails. For this purpose the ingots are rolled to covering plates of 40 to 50 mm. 
thickness, and of the breadth of the packet of rails, and under these covers the rails 
of coarse-grained phosphorised iron are placed, whilst above, a flat bar of fibrous iron 
is brought to form the foot of the iron rail. The coarse-grained iron serves to com- 
bine the steel head with its basis of fibrous iron. A packet so composed endures a 
welding heat very well, and in rolling exhibits a very close resemblance to ordinary 
railway iron. A ‘mixed’ rail is thus obtained, which when carefully made is very 
durable. 

Phosphorus makes steel cold-short, and diminislies its elasticity as regards draw- 
ing or bending strain. Good steel, containing 0*45 to 0*60 per cent, carbon, may be 
elongated without breaking, to the extent of 9 to 10 per cent, of its original length, 
whereas steel containing 0*25 to 0*38 per cent, phosphorus breaks when stretched only 
to the amount of 3 to 4 per cent. A steel prepared from pig-iron containing 0*69 per 
cent, phosphorus was found to be as brittle as glass. These defects are remedied to a 
certain extent by the presence of manganese, this metal removing the ferric oxide 
present in the decarburised bath, thereby rendering the metal capable of welding, and 
restoring its extensibility. 

3. Cementation Steel . — The changes which iron undergoes in its conversion 
into steel by cementation have been studied by M. Boussingault rend. Ixxviii. 

1458). The iron was weighed before and after cementation. Iron smelted from 
spathic iron ore and hematite in the Eia Works (East Pyrenees) was subjected to 
cementation in two pieces. One piece weighed 4949*54 grams before and 4994*20 
grams after cementation, it had therefore gained 44*65 grams. The corresponding 
numbers in the second piece were 5124, 5199*6, and 75*6. The analysis of the metal 
gave — 


Iron . 


Before 

cementation 

. 99*100 

After cementation 

nCl ia2. 

98*200 97*650 

Combined carbon , 


. 0*118 

0*995 

1*512 

Silicon 


. 0*105 

0*107 

0*120 

Sulphur 


. 0012 

0*006 

0*005 

Phosphorus . 


. 0*100 

0*125 

0*130 

Manganese . 


. 0*222 

0*220 

0*218 

Undetermined 


. 0*343 

0*347 

0*365 



100*000 

100*000 

100*000 


In both cases, the increase of weight exceeded the weight of the carbon fixed, and 
the silicon, phosphorus, and undetermined matters which were acquired, weighed more 
than the iron and sulphur lost. 

A second experiment was made on a bar of Swedish iron. After cementation, the 
blistered surface was covered with graphite. The metal itself was of silvery 
whiteness. 

The results of the analysis were as follows : 

Yoi,. VIII. 4 J> 
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Weiglit 

of 

the bar 

Iron 

Carbon 

Silicon 1 

Sulphur 

Phos- 

phorus 

Man- 

ganese 

Unde- 

ter- 

mined 

Before cementation 

2000-45 

1989-45' 

6-00 

0-32 

' 0-30 

1-14 

1-80 

1-44 

After cementation 

2026-22 

1989-14 

32-01 

0-61 

0-10 

1-82 

1-42 

1-62 

Differences . 

+ 25-77 

-0-31 

+ 26-01 

+ 0-29 

-0-20 

+ 0-18 

-0-38 

+ 0-18 


The increase of the weight of the bar was slightly less than the weight of the 
carbon fixed. 

A slight loss of iron always occurs in cementation : this was found to be the case 
even in an experiment with pure iron. Boussingault attributes this loss to the 
volatilisation of ferric chloride formed from the metallic chlorides which are always 
present in the ash of charcoal ; moreover, the powdered charcoal used fpr the cement- 
ation always takes up a small quantity of iron. The combination of the iron with 
carbon is always attended with elimination of sulphur, which also goes on to a greater 
extent in the refining of the crude steel, e.g. by remelting. The best steel contains 
nothing but iron and carbon ; all other constituents of wrought iron must be removed, 
or should remain in the steel in inappreciable quantities only. 

H. St. Claire Deville {Compt. rend. Ixxviii. 1464) is of opinion that the blisters on 
the surface of crude cementation steel are due to hydrogen which is absorbed during 
the cementation and afterwards given up. Berthelot {ibid. 1465) considers that iron, 
like palladium, is capable at a dull red heat of forming with hydrogen a chemical 
compound, which is decomposed at a higher temperature. The deposition of graphite 
on the surface of the crude steel is attributed by Berthelot to the decomposition of a 
compound of iron and carbon, which is perhaps formed by direct combination of its 
elements, or may be produced by the agency of hydrocarbons. 

4. Oast Steel. — On the preparation of cast steel by the Bessemer and Martin 
processes, see Noblet {Revue unv'ersellc des Mines^ xxxiii. 33 ; RingL pol. J. ccx. 197 ; 
Jahresb.f. Chem. 1873, 1004). 

On the use of Alloys of Silicon and Manganese in the preparation of Cast Steel, 
see S. Kern { Chem. News, xslxy. 226 ; Chem. Soc. J. xxxii. 522). 

5. Mush et’s ‘ Special Steel.’ This steel contains, according to Hooren {Dingl. 
cciv. 477), 8'3 per cent, tungsten and 1*73 manganese; according to Oiutl a. Janow- 
sky (ibid, cev, 271), 8-813 to 8-741 tungsten and 2-576 to 2*480 manganese; according 
to G-runer {ibid, ccvii. 316), 7*98 per cent, tungsten, together with 1*40 carbon and 
0-24 silicon J he supposes that Mushet obtained it by fusing pure cementation steel 
with metallic tungsten. Heeren and Q-runer find that Mushet’s steel in its original 
state has the hardness of good glass-hard steel ; when subjected to the process by 
which ordinary steel is hardened, it becomes softer, and cracks in all directions. It 
may be forged at a red heat, and must he brought into the required shape by forging, 
as it cannot afterwards be filed. It also possesses a degree of toughness which renders 
It well adapted for the manufacture of cutting instruments. According to Kick, on 
the other hand {ibid. ccv. 488), this steel is very difficult to work, and tools made of 
It soon lose their edge. According to Kellerbauer {ibid, ccvii. 488), the only advan- 
tage that Mushet s steel possesses over other kinds is that it does not require harden- 
ing ; on the other hand, its utility is greatly limited by the difficulty of working it. 

• steel may be prepared by fusing iron with nickel and tungsten 

in the following proportions : 

Soft iron Tungsten Nickel 

93 6-5 0-5 

95 4*5 0-5 

97 2*5 0-5 


As a flax maybe used a fused mixture of 36 parts boric oxide, 32 sand, and 32 calcium 
carbonate (H. Levallois, Ringl. ccx. 235). 


6. Hardening of Steel.— B.. Caron {Compi. rend. Ixxvii. 836) recommends for 
ms purpose tbe use of water at about 55® C. Steel plunged into water at this tem- 
perature does not crack, as it often does when hardened with cold water. 

A. Jarohmek {Ringl. pol. J. ccxxi. 436) observes that thin steel wires are com- 
pletely hardened by immersion, not only in boiling water, but likewise in boiling oil, 
and in melted lead or tin, and even in melted zinc, provided that they are dipped in 
tne zinc-bath for a short time only, whereas they lose their hardness by prolonged 
immersion therein. Hence Jarolimek concludes that the hardening of steel depends 




IRON METALLURGY (STEEL). 1123 

on sudden cooling below 500°, whereas tempering or softening is completed within 
lower limits of temperature. The fitness of a liquid for hardening steel depends upon 
its heat-conducting power’ and heat capacity, water being, especially for the last reason, 
preferable to all other liquids, although the film of Tapour formed at the same time 
round the glowing steel tends by its low conductivity to retard the cooling of the 
steel. This inconvenience may, however, be obviated by immersing the red-hot steel in 
a stream of hot water spray, the water being then rapidly converted into vapour, and 
the vapour at the same time quickly removed. Steel thus treated acquires the hard- 
ness of glass. The tempering of stee] is also easily effected by this process, either by 
diminishing the force of the spray or by removing the steel into the more diffused part 
of it. 

To protect steel objects from oxidation during the hardening process, Ph. Eust 
{JDingl. ccxxi. 284) coats them with a thin paste of 2 parts charcoal, 1 part yellow 
prussiate and glue, after which they may be heated to redness in a charcoal fire and 
hardened. 

On the Hardening of Steel, see further P. Dietlen {Dingl. ccxxi. 518 ; Jahresh. f, 
Chem. 1876?»p. 1069); also Garman a. Siegfried {Dingl. ccx. 472; Jahresh 1873, 
1005). 

On the Influence of Heat on the Hardening of Steel, see Metcalf {Bingl, cexxix. 
92 ; Chem, Soo. J. xxxiv. 1019). 

Por the regeneration of burnt steel, Kolicke {Dingl. ccviii. 463) recommends a 
mixture of 12 parts by weight of tartaric acid, 60 cod-liver oil, 4 charcoal-powder, 
16 bone-black, 20 beef-suet, 10 yellow prussiate, and 6 burnt hart’s horn. The red- 
hot steel is dipped into the pasty mass and then quenched in water. 

7. Relation between the Physical Rroperties of Steel and its amount 
of Carbon . — An examination by W. Tangly {Amer. Chemist, viL 175) o twelve 
samples of steel which had previously been remelted, showed that with varying pro- 
portions of carbon, from ^ per cent, upwards, the appearance of the fracture exhibited 
differences easily recognisable by a practised eye. The density was also found to 
diminish proportionally to the increase in the amount of carbon. Steel which has 
been very strongly heated and quickly cooled — so-called burnt steel — is well known to 
exhibit a very coarse granular texture on the fracture-surface. The specific gravity 
of the steel is also diminished by this process, the decrease being greater in proportion 
as the hardened specimen has been more strongly heated. 

The decrease of specific gravity with increasing amount of carbon has also been 
observed in Bessemer steel by Hoppermayer {JDingl. pol. J. ecxi. 22), as shown in the 
following table : — 


Percentage 

Specific gravity c 

of carbon 

the steel at 13® 

0*14 

7*9219 

0*19 

7*8784 

0*30 

7*8754 

0*46 

7*8711 

0*55 

7*8632 

0*57 

7*8569 

0-66 

7*8530 

0*80 

7*8434 

0*87 

7*8378 

0*96 

7*8291 


On the Influence of an Electric Current on the Electric Conductivity of Iron and 
Steel, see Electricitt (p. 718). 

On the Magnetisability of Iron and Steel, see Magnetism. 

On the Occlusimi of Gases by Steel, see p. 1113. 

According to S. Hern {Chem. News, xxvi. 19; Chem. Soo. J. xxxii. 815), the steel 
in the metallic bath of the Bessemer converter contains oxygen in the occluded state, 
and perhaps in the form of a definite chemical compound analogous to hydrogen- 
palladium. Five specimens analysed gave 0*054, 0'037, 0*025, 0*040, and 0*031 per 
cent, oxygen. 

Classification and Nomenclature of Iron and Steel. Am International 
Commission formed in connection with the Philadelphia Exhibition in 1876, recom- 
mended the adoption of the following terms (English, German, French, Swedish) 

(1.) Weld-iron {Schweiss-eisen, fer soude, walljern) for all malleable compounds 
of iron with the ordinary ingredients, which have been prepared from softened masses 

4 p 2 
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or faggots, or in any form other than the liquid state, and cannot be hardened or 
tempered, and are similar to the substance commonly called wronght-iron. 

(2.) Weld-steel {ScJiweiss-stahl, acier soude, wdllst'dl), for compounds oi the pre- 
viously described quality Tvhich from any cause are_ capable of bemg hardened and 
tempered, and are therefore similar to the product hitherto called ‘ puddled steel. ^ 
(3.) Ingot-iron {Fluss-eisen, fer fondu, gdijcrn), for all compounds oi iron with 
the ordinary ingredients which have been cast in the liquid state to malleable masses 
and cannot be appreciably hardened when placed in water whilst red-hot. * 

(4.) Ingot-steel (Fluss-stahl, acier jondzi, gotstdl),^ for compounds of the last 
described quality which from any cause are capable of being tempered (Dingl. pol. J. 
ccxxiii. 325 ; Clmn. 8oo. J, xxxii. 239). See also Greiner {Chcm, Centr. 18,3, p. 759 ; 
Chem. Soe. J. xxvii. 830). 


The formation of this compound by oxidation of amidoxindole (p. 1087) may be 
represented by the equation — 


c,h,<ch^co ^ 0 = . c«H<caco 


PTT2 PO 

Kow oxindole, , is identical with the anhydride of orthamido- 

phenylacetic acid, and isatin is converted into indigo-blue by heating it with a mix- 
ture of PCI® and POP, and subjecting the product to the action of reducing agents : 
hence this series of reactions affords the means of preparing indigo-blue from a com- 
pound belonging to the coal-tar group (p. 1086). 


Acetyl-derivatives of Isatin (W. Suida, Berl. Ber, xi. 584). Acety lAsatin, 

nrj QQ 

I , prepared by heating isatin with twice its weight of acetic 

anhydride for three or four hours, crystallises in yellow prismatic needles which melt 
at 141°. It dissolves easily in benzene and in alcohol, and is resolved into isatin and 
acetic acid by boiling with water, or more readily with hydrochloric acid. 


Acetylisatic Acid,Cj^'^W'180^ = dissolving 

acetyl-isatin in dilute potash-ley and precipitating with dilute sulphuric acid, is a 
white crystalline substance, melting at 160°, sparingly soluble in cold water, more 
easily in alcohol, ether, and benzene ; converted into isatin by boiling with hydro- 
chloric acid. It dissolves in sodvley, but the solution quickly undergoes alteration. 
The lead and silver salts are white precipitates. 


AcetylAiy dr indie Acid, or Acetyl-dioxindole, ob- 

tained by the action of sodium-amalgam on a solution of acetylisatic acid in acetic 
acid, forms colourless needle-shaped crystals, melting at 142°, easily soluble in water, 
alcohol, chloroform, and glacial acetic acid ; insoluble in light petroleum. It does 
not yield isatin when boiled with hydrochloric acid. By reducing agents (hydriodic 
acid or sodium-amalgam) it is resolved into acetic acid and oxindole — 


= ffO + CWO.OH + 


Amido-derivatives of Xsatin (E. v. Sommaruga, Uehi^s Annalen, cxc. 367; 
Berl. Ber. xi. 1082). WTien an alcoholic solution of isatin saturated with dry 
ammonia-gas is heated to 100° in sealed tubes for 24 hours, two crystalline bodies are 
formed, one slightly soluble, the other easily soluble in water and in alcohol, together 
with a resinous substance and a very small quantity of a purplish-red colouring 
matter. 

1. Amido-isatin, C®H6N®0 = C®H4(NH2)N0, or Diamido-di isatin, 
the less soluble of the two crystalline bodies, is pro- 
duced in the manner shown by the equation — 


-f- NH® - + C®HWO. 

It forms pale yellow crystals, sparingly soluble in alcohol and in water, melts with 

decomposition at 111°, and forms salts with acids. The hydrochloride, 

and the nitrate^ are yellow crystalline powders slightly soluble in 
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water. The sulphate, crystallises in light yellow needles; the 

chromate, is an orange-coloured powder. 

Biamido-dii satin is converted by sodium-amalgam into the compound 
which is insoluble in water, but crystallises from alcohol in small colourless needles. 
Its sodium-derivative, C^^H'^NaN^O^, crystallises in long colourless needles, very 

soluble in water; the potassium-derivative, C'®H‘2j5;;];;f3()3^ broad needles, having a 

silky lustre. 

Oxydiimido’diamido-diisatin, ~ the easily 

soluble crystalline body, and Beoxyimido-diisatm, = the 

resinous compound above mentioned, are formed simultaneously in the manner shown 
by the following equation : 

4C16H^oK20* + 7NH3 = 7H20 + 

Oxydiimido-diamido-diisatin forms large colourless needle-shaped crystals, which 
melt between 295° and 300°, and dissolve readily in acids. When treated with 
potassium ni^ate and sulphuric acid, it yields a nitroso-product, which is decomposed 
by water, and has not been obtained pure. By sodium-amalgam, the oxydiimido- 
compound is reduced in the manner shown by the equation — 

+ 522 -t H^O + + 2NH3. 

The product, which is possibly the amide of hydrindie acid or dioxindole, C®H®(NH2)03 
(or the diamide of dihydrindic acid), is converted by oxidaiion with chromic acid 
mixture into an acid, which may be called diimido-hydrincarhonic acid : 

0162.16^-102+ 0*=: 2B;20 + 

Deoxy-imido-diisatin, when purified by solution in potash, and re- 

precipitation by an acid, forms a yellowish powder resembling tannin. It melts, 
with decomposition, at 209°-210‘°, and dissolves in alcohol and in water. Sodium- 
amalgam converts it into an amorphous isomeride of monamidodihydro-diisatin — 

G16H1IK302 + H^O = 

The same product is formed by the action of w^ater or strong potash-ley under pressure 
on deoxy-imido-diisatin. 

The existence of the compounds above described is regarded by v. Sommaruga as 
showing that the molecule of isatin — and therefore also that of indigo-blue — contains 
16 atoms of carbon. This conclusion is in accordance with a recent determination, by 
Sommaruga, of the vapour-density of indigo-blue which was found, as the mean of 
nine experiments, to be 9*45, the formula requiring 9*06. Isatin decomposes 

when vaporised, so that its vapour-density cannot be directly determined. 

ISBKTXTB. Sandberger described under the name of Nosean-andesite a volcanic 
rock which occurs at several localities in Nassau, especially on the Sengelberg near 
Sala in the Wisterwald, also on the Kriegershecke near Wolferlingen, and near Maxhayn 
{Jahrb. f. Min. 1874, 318). This same rock has *been subjected to a very careful 
mineralogical, microscopical, and chemical investigation by G-. A. Bertels {ibid. 873), 
who calls it Isenite, from the name of a small river in Nassau, the Eis (formerly Isena). 
The main results of this investigation are as follows : — 

Amongst the macroscopically distinguishable constituents of the rock, the felspars, 
which are mostly unaltered, exhibit imder a magnifier, distinct twin-marking. Horn- 
blende appears in fine twin-crystals of known form, often however converted on the 
edges into a radiate mineral. Octohedrons of magnetic iron-ore and hexagonal 
titaniferous iron occur, as well as rhombic crystals of a red-brown mineral recognised 
by Bertels as allied to fayalite. Lastly, needles of apatite are also found. The 
zeolitic mineral in the cavities is stilbite. 

IMicroscopic examination showed, in the first place, a light-coloured ground-mass 
consisting of triclinic felspar, in which were imbedded tablets of ferruginous mica, 
granules of magnetic iron ore, and especially well-developed noseans regularly dis- 
seminated through the rock. Distorted hexagons of nepheliu occur as subordinate 
constituents. The large crystals of felspar already mentioned frequently enclose 
granules of magnetic iron, laminse of iron-glance, glass-cells, vapour-pores, fine needles 
of apatite, and more rarely small noseans. The large hornblendes are often quite 
filled with granules of magnetic iron ore; needles of apatite and fayalite are also 
found in them, and even comparatively large crystals of fayalite, apatite, and felspar. 

The powdered rock cautiously warmed with hydrochloric acid yields a distinct 
jelly. A chemical analysis of the entire rock, as well of the soluble part (35*74 per 
cent.) and of the insoluWe part (64*26 per cent.), gave the following results. Sp. gr. 
= 2 * 78 : 
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Silica . • 




Total analysis 
. 48*02 

Soluble 

8*20 

Insoluble 

39*82 

Alumina . 




. 16*92 

2*41 

14*51 

Ferric oxide . 




. 11*63 

10*74 

0*89 

Ferrous oxide . 




. 4*70 

2*83 

1*87 

Manganous oxide 




. 2*44 

0*50 

1*94 

Magnesia 




. 1*45 

1*15 

0*30 

Lime 




. 8*58 

3*64 

4*94 

Soda 




. 2*36 

2*36 

0*93 

Water . 




. 1*78 

1*78 

— 

Titanic acid . 




. 0*15 

— 

0*15 

Phosphoric acid 




. 1*55 

1*55 

— 

Sulphuric acid 




. 0*56 

0*56 

— 

Chlorine . 




. 0*53 

0*53 

— 





100*67 

36*25 

jS5*35 


A remarkable circumstance is the absence of potash, which could not be detected 
even spectroscopically. 

Bertels has also analysed some of the separable constituents of the rock, viz., the 
. felspar and the radiate transformation -product of hornblende. The felspar has a 
specific gravity of 2'648 ; melts easily before the blowpipe, imparting a strong yellow 
colour to the flame; is attacked, but not completely decomposed, by 'hydrochloric 
acid: 

SiO» A1“0’ re=0* CaO MgO Na"0 

53*51 29*37 trace 12*78 1*54 3*10 = 100*30 

The radiate transformation-product of the hornblende has a chloritic aspect, and 
is sharply separated from the latter, its fibres standing perpendicularly on the horn- 
blende faces. Hardness =2. Specific gravity =2*997-3*057. Before the blowpipe 

it melts easily (not exfoliating, like the easily fusible chlorites) to a black, strongly 
magnetic bead. Analysis gave : 

SiO“ A1=0» re=0=* FeO lInO MgO CaO H“0 

32*78 15*60 29*90 2*98 1*15 4*90 6*74 7*52 = 101*57 

whence may be deduced the formula — 

2(Ca,Mg,Mn)0.2(AP,Pe2)03 4Si02 + 3H=0. 

By a comparison with other similar minerals, Bertels infers that this transforma- 
tion-product of hornblende is a new species of the chlorite-group, for which ho pro- 
poses the name Fhmctinite, indicative of its grey-brown colour and radiate toxturo. 

From a calculation of the total constituents of the rock, it is inferred that, whilst 
the porphyritically separated felspar is labradorite, the felspathic ground-mass con- 
sists of a more acid plagioclase. This remarkable association of a felspathic horn- 
blende rock with nosean and nephelin, in which the felspar is exclusively triclinic 
without a trace of orthoclase, gives the rock a distinct character. Tho similarity of 
isenite to the Etna lavas, indicated by the comparatively large crystals of porphyritic- 
ally intergrown labradorite which it contains, is still more plainly seen in tho chemical 
constitution, as shown by comparison with the mean of 28 analyses of Etna lavas. 

The rock most nearly allied to isenite, though still different from it, is tho hauyn- 
tephrite from the Canaries, described by K. v. Fritsch and W. Eeiss. 

XSSTHXOmC ACID, C2HfiS0^ = CH'OH.CH^SO^ OH. The chloride of this 
acid, CH-OH.CH^.SO'Cl, is formed, together with the two isomoric compounds, 
chlorisethionic acid, CH-Cl.CH-^.SO-.OH, and ethylsulphurio chloride, C-H^O.SO-.Cl, 
by the action of sulphuric anhydride on ethyl chloride (p. 746). 

On the conversion of isethionic into ethionic acid, CWS^Ob by the action of 
sulphuric acid, see page 742. 

Action of Heat on Amrrwnmm Isetliionate. — This salt (m. p. 135®, or according to 
Strecker, 130®) remains unaltered when heated for several days on an oil bath at 
210®-230°, hut decomposes readily on raising the temperature of the saline mass to 
230®-240° ; and if, after the boiling has been continued for about eight hours, the 
resulting viscid syrup be dissolved in water, the solution boiled with animal charcoal 
and evaporated, the residue crystallised from alcohol, and the separated nodules, 
which are now almost insoluble in alcohol, constantly boiled with that liquid till they 
melt at 192®-193®, a compound is obtained which dissolves very easily in water, 
appearing indeed to he hygroscopic, gives off ammonia on addition of potash, and has 
the composition of taurine, Taurine, however, melts with decomposition 

at about 240®. and behaves in a different manner -with nntnsb /'tt 
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compound formed "by dehydration of ammonium isethionate is not identical, hut 
isomeric TS'itli it, and appears indeed to be the true amide of isethionic acid (H, Sey- 
berth, Beut. Chem. Ges. Ber. Yii. 391). 

XSOABXPZC ACZB. The crystalline compound vhich Meyer a. Dulk obtained 
by the action of chloral on glacial acetic acid {Ber. iy. 963) is regarded by Hiibner 
{ibid, vi. 109) as anisomeride of adipic acid, 

ZSOAX.X.OXAXrzc ACXB, This modification of alloxanic acid- 

some of the salts of which were obtained by L. Hardy, by the action of bases on the 
red modification of alloxan produced by heating the latter to 260° (vi. 90) — has 
been further pamined by Magnier de la Source {BuU. 8oc. Chim. [2], xxii. 56), 
who obtains it by dropping bromine into water in which uric acid is suspended 
(1 part bromine to 40 or 50 parts water) till the liquid becomes clear. The whole is 
then transferred to a basin and heated over a water-bath in a stream of hydrogen, 
whereupon hydrobromic acid is abundantly evolred, the liquid becomes colourless, and 
a carmine-c(fioured precipitate is ultimately deposited on the sides of the vessel — 
apparently iuentical with the red modification of alloxan observed by Hardy. The 
solution above mentioned yields with baryta-water a splendid violet precipitate 
of barium isoalloxanate, which however cannot be obtained free from the colourless 
alloxanate, since it quickly passes into the latter on exposure to moist air. If am- 
monia he added in place of baryta-water, a fine purple colour is produced, and on 
subsequent addition of alcohol a red precipitate is formed, mixed with a large quantity 
of ammonium bromide ; and on washing the precipitate with alcohol to remove the 
latter, and drying it in a vacuum, ammonium isoalloxanate is deposited in the form of 
a brick-red powder, very soluble in water, with which it forms a deep purple solution, 
very sparingly soluble in alcohol, insoluble in ether. Its solution gives 'with baryta- 
water a deep-red precipitate, with calcium chloride a rose-coloured precipitate, and 
with silver nitrate a precipitate of a fine indigo-blne colour ; with carbonate of 
potassium or sodium a violet coloration, with cupric acetate a green coloration. The 
aqueous solution of the ammonium salt quickly loses its colour ; the alcoholic solution, 
on the other hand, does not change colour perceptibly; the solid salt is permanent in 
diy air. 

In accordance with these results it must be assumed that the so-called murexid 
reaction is due, on the one hand, to the formation of ammonium isoalloxanate, 
C^H^(NH^)-N'0®, and, on the other, to the formation of acid ammonium purpurate, 
C®H'‘(NH'‘)N®0®. This latter compound is formed by treating alloxantin with am- 
monium carbonate, whereas the isoalloxanate is produced by similar treatment of 
alloxan, as shown by the following equations : 

CSH^N^O^ + (NHO^CQs = + CO^ + 

C^H^N^O^ + (NE^)2C03 = + CO^ 

These two colouring matters are therefore formed simultaneously by the action of 
ammonium carbonate on a mixture of alloxan and alloxantin; the ammonium iso- 
alloxanate may be partially removed by washing, but a portion of it is likely to 
remain mixed with purpurate, a circumstance which may account for the very different 
formulae assigned by different chemists to murexid. 

XSO-KBlVXXPZZa'XC ACXB. See Naecotinb Bebivatives. 

ZSO-XiEPIBBXrXS. See Lepidene. 

XSOBXrXTlti XODXBB. The conversion of this ether into tertiary hutylamine, 
(CH^)®C.NH^, by the action of dry silver cyanate — observed by Linnemann (vii. 
223), but called in question by Hofmann {Liebig’s Annalen, clxii. 19) who obtained 
chiefly isobutylamine — has recently been confirmed by Hranner ^id. cxcii. 65), who 
operated with perfectly pure isobutyl iodide. On the properties of the hutylamine 
thus obtained, see TBiMETHYncAKBiNyLAMiNB. 

XSOBUTTXiiiCBTZG ACXB. See Pentoic Acids. 

XSOBXTTTBACBTO-ACETATB, BTHYXiZC. Hespecting this compound 
and its derivatives, heptic acid, oxyheptic acid, and ethylic methylisobntylglycerate, 
see Heptic Acid (p. 1020). 

XSOBITTYXiAMABXC ACIX>, (Zinin, Bent. Chem. Ges. Ber. x. 1735). 

This acid, homologous with amaric acid, C'‘®H‘^“0® (vii. 55),* is formed, similarly to 
the latter, by prolonged boiling of benzamarone with a solution of potash in isobutyl 
alcohol. It is nearly insoluble in water, but dissolves easily in ether and in alcohol, 
from which latter it crystallises in rhombic plates. It melts at 176°-179°, and is 
thereby converted into an amorphous anhydride, which dissolves in ether, 

* The formula there assigned to amaric acid is hut subsequent experiments have shown 

that the true formula is that above given. 
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but is speedily deposited in the ci^stalline form, ^ The anhydride melts at 137®, and 
distils without decomposition, but when heated with excess of alkali it decomposes, 
yielding a benzoate and apyroisobutyl-amarate, with evolution of hydrogen — 
0502;4604 + 4KOH = 2C"H:^K02 + 2Ci8£[»»KO- + m 

Pyroisobutylamaric acid, separated from its potassium salt, melts at 

172 °, distils without decomposition, and crystallises from alcohol in short four-sided 
prisms. It is nearly insoluble in water, but dissolves freely in hot alcohol and ether, 
and in aqueous alkalis. The ammoniacal solution deposits the free acid when heated. 


Amaric Acid, crystallises from alcohol with two mois. of water, which 

it loses at 100°. At 140°-150° it is converted into the anhydride, — a trans- 

lucent, colourless, resinous mass, which becomes semi-duid below 100°, and in that 
state dissolves in alcohol ; the solution thus formed, however, speedily changes to a 
pulpy mass of small crystals, the change from the amorphous to the crystalline form 
being attended with considerable rise of temperature. The pure anhydiCde melts at 
H0‘o°, and distils in small portions without decomposition. The alkali-salts of 
amaric acid are completely decomposed by heat, in presence of free alkali, yielding 
salts of pyra marie and benzoic acids : 

04623804 + 4KHO + 2C^H«E:02 + H®. 

Potassium pyramarate. 

Pyramaric acid, dissolves easily in ether, and crystallises on spontaneous 

evaporation of its solution in thick rhombic plates or prisms. It is easily soluble in 
alcohol, but sparingly in water ; melts at 49° and distils in small quantities withou 
decomposition. .The alkali-salts crystallise badly. 

Zinin regards pyramaric acid as benzyi-ethyl-benzoic acid, C°H^(0’IP)(0“JQ[^).COOH 
isomeric with dibenzylacetic acid, and pyro-isobutylamaric acid as bonzyl-isobutyl- 
benzoic acid, 0 W(C^H0(C'*H»).COOH, 

The constitution of amaric anhydride, may be represented, according 

to Zinin, by the formula 

O«ff(O»H0(C2H5)— C~CSH‘‘— CO 
0 ^0 

C“ff(C'H’)(0-Hs)-C-C«H'— CO 

and the acid may be formulated as — 

CfiH\C^H^)(C2H0--O(OH)-C«H‘.CO.OH 

C«H»(C’H'XC2ff)— (!!(0H)-C»H‘— CO.OH 
The corresponding isobutyl- compounds may be represented by similar formulae con- 
taining in place of 

XSOBXBTTTOXi, See the next Article. 

XSOBIBUTTriiEMTE, C8H»«=-(OH3)3C-CH=C(CJa:«)“ (Butlerow, Liebiff’s An- 
nalen, clxxxix. 44-83). This hydrocarbon is best obtained by heating trimethyl- 
carbinol with twice its volume of a mixture of equal parts oi’ sulphuric acid and 
water ; the product is a mixture of isobutylene and isodibutylene, which after being 
dried (finally by boiling with sodium) may be separated by fractional distillation. 
Isodibutylene may also be prepared by enclosing isobutylene (liquefied by cold) in a 
tube with dilute sulphuric acid, and after some days, when the hydrocarbon has 
dissolved, heating the tube in a water-bath. The isodibutylene then separates on the 
surface of the water, together with unaltered isobutylene — and may be separated from 
the latter as above described. 

Isodibutylene is a colourless liquid having a density of 0734 at 0°, and boiling 
at 102°-104°. It combines directly with bromine to form a rather unstable bromide, 
C®H^«Br2, which by boiling with caustic potash, or even by distillation, is decomposed 
into HBr and C^H’^Br. Fuming hydrochloric acid at 1 00° gives with isodibutylene 
a compound, C^H^^Cl, which is a light oily body, stable at ordinary temperatures, 
but partially decomposed by distillation, HOI being given off. B. p. 145°-150°. 

An iodide, is obtained, with even greater facility, by saturating the hydro- 

ephon at 0° with hydriodic acid gas. This iodide is attacked, even at 0°, by moist 
silver oxide. The product of the reaction, dried by anhydrous baryta, consists of 
regenerated isobutylene and an octylic alcohol, C'’H‘®0, named isodibutol This 
alcohol is a colourless thick liquid of characteristic odour, which boils at 146-5°-147*5°, 
and solidifies at 20°. Sp. gr, at 0°s=*8417i Its alcoholic nature is proved by its 


\ 
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yielding, -when treated with phosphorus pentachloride, the same chloride that is 
produced by the action of hydrochloric acid upon isoibutylene. It is a tertiary 
alcohol, its iodide, when treated with silver nitrite, giving neither a nitrolic nor a 
pseudonitrolic acid (Victor Meyer s test ; see Nitropabapfins). 

Isodibutol submitted to the regulated action of oxidising agents, gave, besides 
unaltered alcohol and isobutylene, the same products that are furnished by oxidation of 
isodibutylene, but no ketone or aldehyde, a further proof that it is neither a primary 
nor a secondary alcohol. Its constitution may therefore be determined by studying 
the oxidation of isodibutylene. This body was accordingly treated in the cold for six 
days with a mixture of sulphuric acid and potassium dichromate, whereupon carbon 
dioxide was continuously evolved. The mixture was then distilled, that part of the 
distillate which contained oily drops being collected separately from the clear acid 
liquid which subsequently passed over. This clear liquid contained principally acetic 
acid. The first distillate was treated with potassium carbonate, whereby much of the 
oil was dissolved. The undissolved oil was removed, and the remaining alkaline liquid 
again distilled. From the first portions of liquid which then passed over acetone was 
easily separated^by potassium carbonate .in excess, not, however, in large quantity, 
probably because much of it had been oxidised to acetic acid. The alkaline solution, 
after removal of the acetone and oil, gave, on treatment with sulphuric acid, acetic 
and trimethyl-acetic acids. Since tximethyl-aeetic acid does not give acetone on oxida- 
tion, it is thus evident that the primary oxidation-products of isobutylene are acetone 
and trimethyl-acetic acid, thus: + C*H®0. The acetone is 

partially oxidised to acetic acid. 

This experiment establishes the constitution of isodihutylene. For of the t?wo 
products one contains three, the other two, methyl groups ; from which it must be 
inferred that the molecule of isodibutylene contains Jive such groups. Three of these 
must be united to one carbon-atom to form tertiary butyl, (CH®)®C-- , which appears 
in the trimethyl-acetic acid, the remaining two methyls forming with another carbon- 
atom the group (OH^)^Cxx, which by oxidation yields acetone. From these considera- 
tions the formula of isodibutylene may be inferred to be (CH^)®C — CHC(CH®)- ; and 
that of the corresponding tertiary alcohol, isodibutol (CH®)'*C — CH^ — C(CH®)20H. 
The oxidation of the hydrocarbon follows the general rule for the series C"H^, viz. 
that the carbon-atoms separate at the junction CxrC. 

(CH3)3C— CH=C(OH0^ + 03 « (0H3)C— C0=H: + (OT)200. 

This constitution of isodihutylene granted, the mode of its formation from 
trimethyl-carbinol is the following: (1) part of the alcohol splits up into water and 
isobutylene ; (2) one molecule of isobutylene unites with one of unaltered trimethyl- 
carbinol, water Ijeing again eliminated. The course of the reaction is quite analogous 
to Collarits’ and Merz’s synthesis of aromatic ketones by the action of phosphoric 
anhydride upon a mixture of a hydrocarbon and an acid, or to Wischnegradsky’s 
synthesis of diamylene (p. 635). 

To account for the second phase of the reaction, it must he remembered that methyl 
groups and their derivatives are in general less prone to enter into reaction than the 
groups — CH^ or ^CH, and their derivatives. The different degrees of stability are 
well observed in the alcohols of the three categories and the bodies allied to them, the 
radicles of the primary alcohols being least inclined to part with the hydroxyl or 
other simple radicles united to them, while in the tertiary alcohols and their allies 
such separations take place with the greatest ease. When, therefore, trimethyl-car- 
binol is partially resolved into water and isobutylene, the feebly-bound hydroxyl of 
the undecomposed alcohol combines more readily with the hydrogen in the group 
of the hydrocarbon than with that belonging to the more stable methyl 
groups of its own molecule, thus — 

(CH3)3Ci_(OH)"+" HiCH:x:C(CH3)2 = {GmyC—GR=C(Cmy + H‘0. 

On the other hand, when isohutyl alcohol, CH2(0H)— GH(CH3)3, separates 
partially into water and this same (iso-) butylene, no such condensation takes place, 
because the alcoholic hydroxyl unites with the hydrogen of the group —OH in its 
own molecule, rather than with that of the of isobutylene. 

These considerations, somewhat modified, will also explain why secondary butyl 
alcohol, on treatment with sulphuric acid, gives, as a principal product, pseudo- 
bntylene, hut no dihutylene. Here the alcoholic hydroxyl tends to combine either 
with the hydrogen of the pseudo-butylene, OH® — CH~CH — CH^, first formed, or 
with that of the “CH® in its own molecule. The proximity of the latter determines 
its union with it, and consequently the complete conversion of the alcohol into pseudo- 
butylene. 

The higher-boiling portions of the oily acids ftotn the oxidation of isodibutylene 
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Tvere found to consist of trimetliyl-acetic acid and a new octoic acid, the 

separation of which was ultimately effected by preparing the cadmium salts, and 
fractionally distilling the acids extracted from them. This octoic acid is a colourless 
oily liquid, smelling like trimethyl-acetic acid, and boiling with pai’tial decomposition 
at 205°-218°. Its constitution is best expressed by the formula, C(CH®)® — CH* — 
OH(CH®)COOH ; since the carboxyl group must be formed at the expense of one of 
the five methyl groups of isodibutylene, and it is reasonable to assume that the 
group oxidised is one of those lying nearest to the point of attack of the oxidising 
agent, viz. the dunbly united carbon-atoms CzzC. The formation of this^ acid from 
isodibutylene appears strange at first sight, but is not without analogy, since oxida- 
tion of the hydrocarbons appears in general to furnish the same products as 

that of the corresponding tertiary alcohols. Thus it is found that a certain quantity 
of isobutyric acid may be obtained by oxidation of trimetbyl-carbinol.^ Now this 
octoic acid may be regarded as isobutyric acid in which hydrogen is displaced by 
tertiary butyl (OH’^C — , isodibutol and isodibutyleue being similarly derived from 
trimethyl-carbinol and isobutylene respectively. It may be assuniecS that, in both 
cases, by the successive removal and addition of water, an isomeric alcohol is first 
produced, which is then oxidised to the acid. Thus, when trimethyl-carbinol is 
oxidised— 

(1.) (CH7C(OH) = CJa^Czx:(CH3)2 + 

(2.) CH2z=C=(CH3)2 + H^O = (OH«)^CH— CH^OH, 

which furnishes isobutyric acid, (CH^)^CH — CO^H; and when isodibutylene is 
oxidised — 

(1.) Bu— CHrzC— (CH3)2 -i- H^O = Bu— CH^— 0(0H)(0H*'’)2 ; 

(2.) Bu~0H2— 0(OH)(OT)2 = Bii— CH^— C— C(CH3)zz:0H- + H»0. 

(3.) Bu— CH^— 0(CH«)rx:CH2 + H^O - Bu— 0H-— 0(0H«)H— OTOH, 
which yields the above octoic acid. 

This explanation is supported by the fact that one of the oxidation -products of 
isodibutylene is a body derived from the octylene, C(CH'^)® — CH^ — C(CH‘’)=OH‘‘*, 
whose existence is assumed in equations (2) and (3). This hydrocax'bon would, upon 
oxidation, separate at the doubly-joined carbon-atoms, and give, as a first product, 
a ketone, C(CH2)® — OH^ — CO — CH^; and, in fiict, the oily products insoluble in 
potassium carbonate were found to consist of a mixture of isodibutylone, and a 
ketone of this composition boiling between 125° and 130°. The peculiar deportment 
of this body with metallic sodium .as also exhibited by an undoubted ketone, namely, 
ethylisopropyl keto7ie, prepared by acting with zinc-ethyl on isobutyryl chloride ; 
these bodies do not attack the sodium in the cold, but dissolve it rapidly when warm, 
giving solutions which, in contact with air, quickly assume a blood-rod colour, 
finally passing into brown. On the other hand, the body in question is not oxidised 
by silver oxide ; it does not combine with acid sodium sulphite ; nor does it throw 
down ferric hydrate when boiled with ferric chloride, properties which distinguish 
it from the aldehydes and the oxides of the class to which ethylene oxide belongs. 
Binally, when oxidised with sulphuric acid and potassic bichromate, it yields acetic 
and trimethyl-acetic acids, as follows : — 

C(CH3)>^— CH2— CO— CH3 + 03 = C(CH8)3--COOH + GH3(COOH). 

This reaction is decisive with respect to its constitution. 

The views above developed receive some support from Butlerow’s observations on 
the action of sulphuric acid upon pentylene (trimethylated ethylene) from tertiary 
pentyl alcohol. Here the successive assimilation and separation of water take place 
without any change in position of the hydroxyl. In the cold sulphuric acid converts 
this pentylene into dipentylene. But when tertiary pentyl alcohol is heated to 100° 
in a tube with three times its volume of a mixture of equal weights of sulphuric acid 
and water, the principal product is uncondensed pentylene, which floats on the surface 
of the acid. If now the tube be laid on its side for some days, and occasionally 
shaken, the hydrocarbon again dissolves, i.e, assimilates water to reproduce the 
alcohol ; ancl^ thep operations may be repeated several times. Here, then, is an 
example of dissociation, and of gradual reunion of the dissociated bodies to form the 
original compound. In the case of isodibutol, on the other hand, the dissociated 
products (isodibutylene and water) would reunite to form, not the original alcohol, 
hut an isomeride. 

This crystalline sugar, isomeric with dulcite and 
mannite, which Hlasiwetz a. Pfaundler obtained by the action of dilute acids on 
quercitrin (v. 1091), is likewise produced by similar treatment of the glucosido of 
buckthorn berries {Ekammis wfecioria). Liebermann a. Hermann, who obtained it 
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from tiiis source {Berl. Ber. xi. 952), regarded it as a peculiar sugar, drSerent from 
isodulcite, and named it rhamnodiilcite, inasmuch as they found its melting point to 
be 92*^-93®, whereas isodulcite from quereitrin was said by Hlasiwetz a. Pfaundler 
to melt at 105°. Berend, however (eM. 1353), on re-examining the isodulcite ob- 
tained from quereitrin, finds that it melts at 93°-94°, and farther that it agrees 
exactly with the sugar obtained by Liebermann a. Hoimaun in crystalline form and 
in specific rotatory power; [a]^- +8*04 (Berend) ; +8*07 (L. and H.) The name 
rha7n7iodulcite may therefore be dispensed with. 1 pt. isodulcite dissolves, according 
to Hlasiwetz a. Pfaundler, in 2*09 pts. water at 18°; according to Liebermann a. 
Hermann, in 1*8 pts. (mean of three experiments; temperature not stated). 

Isodulcite heated with concentrated hydriodic acid is in great part converted into 
a tarry mass, and yields a heavy liquid distillate containing iodine and consisting of 
a mixture of bodies, none of which have yet been obtained in the pure state (Dale a. 
Schoiiemmer, Ber. xi. 1197). 

ISOFZSRUXiZC il.CZZ>. See Yanillin-debivatiyes. 

ZSOHFlMZ:^ZXa'XC ACZ3>. See Narcotine-deeivatives. 

ZSOi:i£PZBB9rz:. See Lefibe^^^e. 

ZSOIVXBRZSIVZ. Compounds of the same elements in the same proportions, and 
of the same molecular weight, but having different properties, may be said to be 
isomeric, if from the manner in which they are formed and from their reactions, it 
may he concluded that they are bodies of the same type ; if their behaviour indicates 
that they are bodies of different type, they may be said to be metamen'ic. 

A perusal of modern chemical literature shows that the term * isomeric ’ is on the 
whole very loosely employed, some writers attaching a much more extended meaning 
to it than others ; the foregoing definition is probably both the most restricted and 
the most extended that can well be given. The only difficulty which can arise in 
connection with it is that of determining whether two or more compounds more or 
less different in properties are bodies of the same type. If, however, a too formal 
construction of the phrase be avoided, this difficulty is a very slight one. For 
example, the hydrocarbons ethyl-benzene and the three dimethyl-benzenes or sylenes 
not only exhibit a very close general resemblance in behaviour, especially in the 
formation of substitution-compounds, but are also immediate derivatives of the same 
parent hydrocarbon, benzene : they may hence be regarded as bodies of the same type — 
i.e. as isomerides, although their behaviour with oxidising agents clearly indicates 
that ethyl-benzene differs to a much greater extent from the xylenes than these latter 
differ amongst themselves ; a fact which finds an expression in the rational formulee 
assigned to the several hydrocarbons. On the other hand, benzene and the hydro- 
carbon dipropargyl discovered by Henry differ so totally in properties that we without 
hesitation regard them as compounds of different type, z.c. as metamerides. ^ Again, 
the four butylic alcohols or hydroxides of the formula C^H^.OH are isomeric with 
each other, but metameric with methyl-propyl oxide, methyl-isopropyl oxide and 
diethyl oxide or ordinary ether, these last three oxides being isomeric with each 
other. 

As the rational formulae we employ are merely condensed symbolic expressions, 
affording more or less complete information as to the characteristic chemical properties 
of the compounds which they represent, especially with regard to the manner in 
which they are formed and in which they undergo change when submitted to the 
action of reagents, compounds which differ either in their mode of formation or in 
their behaviour under similar circumstances are necessarily represented by different 
rational formulae. Eecent investigations have, however, conclusively shown that a 
by no means inconsiderable number of ‘isomeric’ compounds exist, many of them 
widely different in so-called physical properties, which exhibit so close a resemblance 
in general chemical properties that, following the canons of the present system of 
notation, they can only be represented by identical formulae. 

The hydrocarbons of the formula which occur in various essential oils, are 

the only instance of this kind that we meet with among the hydrocarbons, but a 
more striking instance can scarcely be advanced. At least, two classes of these 
hydrocarbons may be distinguished: those boiling at about 156°, which are con- 
veniently termed terpenes; and those boiling at about 176°, which may be termed 
ci trenes, as they are the chief constituents of the oils derived from the various species 
of Citrus, Each of these classes includes a considerable number of species which 
appear to differ only in their behaviour towards polarised light ; in fact, up to the 
present time no two oils have been proved to contain the same terpene or citrene. 
It is highly probable, however, that many which are now regarded as distinct 
substances will be found to be mixtures, and that the number of separate species is 
not nearly so great as has been supposed; but the existence of Isevo- and dextro 
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rotatory members in both classes is sufficient proof that there are several of each. At 
present the experimental evidence is not sufficient to enable us to say whether the 
terpenes and citrenes have identical formulae. Their behaviour with hydrochloric 
acid would appear to favour the conclusion that they have not, inasmuch as the former 
furnish monohydrochlorides, and the latter dihydrochlorides. But, on the other hand, 
they have the same combining power, as they form tetrabromides ; they yield identical 
oxidation-products (Fittig); they yield nitrosochlorides and nitroso-substitution 
compounds differing only in physical properties ; and they are convertible into the so- 
called ter pin, from which, by the action of hydrochloric acid, the corresponding di- 
hydroehloride is obtained : so that indirectly the terpenes, as well as the citrenes, may 
be converted into dihydrochlorides, and that too hy reactions taking place at ordinary 
temperatures and involving no violent treatment.’*' 

It is impossible at present to assign a rational formula to the terpenes and 
citrenes which is consistent with their general behaviour; all those hitherto pro- 
posed appear to be insufficient. 

The camphenes or solid hydrocarbons of the formula wh|ch also exist in 

several modifications, differing only in their behaviour in polarised, light, are un 
doubtedly bodies of an altogether different type, as they have only half the combining 
power of the terpenes and citrenes, and are directly converted into camphor by oxida- 
tion. Both dextro- and laevo-rotatory and optically inactive modifications of this 
last-named body are also known. 

Among the haloid-derivatives of hydrocarbons, no instances of isomerism similar 
to those just discussed have been met with ; a number of haloid- nitro-derivatives of 
benzene, however, have been shown to exist in several modifications differing in 
crystalline form and melting point, hut readily convertible into each other. Thus, 
according to Juiigfleisch, two diniti'ochlorobenzenes may be obtained by nitration of 
chlorobenzene, one of which is converted into the other by merely bringing the two 
kinds of crystals into contact, the reverse change being effected by suddenly cooling 
the fused substance (vii. Two modifications of nitrototrabroraobenzene exhibit- 

iug.a similar behaviour have been described by v. Eichter (viii. 182). Laubenheimer 
(Jbeut. Chem. Ges. Ber. ix. 766) states that metachloronitrobenzene exists in two 
forms, differing about 20° in melting point ; and that no fewer than three crystalline 
modifications, and probably a fourth liquid modification of nitrometachloronitroben- 
zene may be obtained (viii. 183). A number of similar instances have been observed 
among oxygenated compounds of other classes. Thus Zincke has described two 
modifications of diphenyl-ketone or beiizophenone (vii. 176), two modifications of 
tolylphenyl-ketone, and also two modifications of the di acetate from isohydrobonzoin ; 
and Tollens has shown that dibromoprop ionic acid, OH-Br.CHBr.COOH, may be 
obtained crystallised in two forms of different melting point. It appears probable, 
as Laubenheimer has suggested {Ber. ix. 766), that the existence of these modifications 
is due to the formation of aggregates of the ultimate molecules of different degrees 
of complexity, the crystals being regarded as built up of such aggregates ; and if it 
be assumed that the stable modifications consist of aggregates of h'sser, and the 
unstable modifications of aggregates of greater complexity, we have an explanation 
of the fact that the melting point of the stable modification is always higher than that 
of the unstable, and that the nnstahle modification is formed by heating the substance. 
If such be the nature of these modifications, however, it appears desirable that 
they should be spoken of as physical onodifioations, and not as physical isomeridos. 

It is chiefly among the alcohols and acids that we meet with well-marked instances 
of isomerism which cannot apparently he explained by our present theory. The 
instances alluded to are, in the case of the alcohols, the diphenylglycols, hydrobenzom 
and isohydrobenzoin, and the hexhydric alcohols, mannitol (mannite) and dulcitol 
(dulcite) ; the glucoses, which are closely related to the two latter alcohols, afford 
additional examples. 

Hydroben-zoin and isohydrobenzoin are formed simultaneously by reduc- 
tion of benzaldehyde, and therefore the most probable formula that can be assigned to 
them is that of a symmetrical diphenylglycol : 

2(C«H5COH) -h 2H -= C«mCH(OH).CH(OH).C«H®. 

This formula is confirmed, and the possibility of isomeric change having taken place 
in the formation of either is precluded the fact that both furnish benzaldehyde on 
oxidation, almost in the proportion required by the equation : 

C“H«.CH(OH).CH(OH).G«Hs -t- 0 = 2(CeH®.COH) -t- H‘^0. 

* Quite recently Tilden has shown that the terpenes may be directly converted into dihydrochlo- 
rides, by submitting them to the action of hydrochloric acid when dissolved in alcohol, ether, or 
acetic acid. Except sylveBtrene, all the various terpenes and citrenes furnish the same dlhydro- 
emoride. 
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Tiie only otlier possible formula ■which could account for this behaviour on oxidation, 
viz. cannot be assigned to either of them, on account of their 

comparative stability, all known compounds in which t-wo hydroxyl groups are asso- 
ciated with the same carbon-atom being highly unstable bodies. Further evidence of 
the identity of the two alcohols from a chemical point of view is afforded by their 
beha-viour with phosphoric pentachloride and with dilute sulphuric acid ; the former 
reagent converts each into a chloride of the formula but the products from 

the two sources are identical ; when boiled with the latter, both furnish diphenyl- 
acetaldehyde, (C°H®)^HC.COH, and a crystalline non-volatile body of the formula 
QHgiaQj the body of this formula obtained from the one being however isomeric 
with that obtained from the other, and -apparently in the same sense that the parent 
alcohols are isomeric (Forst a. Zincke, Liebig's Annalen^ clxxxii. 241 ; Zincke and 
Breuer, Leut, Chem, Ges. Ber. ix. 1769). 

The evidence that mannitol and dulcitol must have identical for mulse assigned 
to them is equally strong. By their conversion into secondary hexylic iodide (Hecht), 
both are proved to be derivatives of normal hexane; and as they 
are compounds m relatively very considerable stability, each of the hydroxyl groups 
must be regarded as associated with a distinct carbon-atom, so that their formula 
must be -written 

cb[2(oh:).oh(oh).oh(oh).ch(oh).ch(oh).ch2(oh). 

If this be the case, the only possible formula for the glucoses, dextrose, Isevulose and 
galactose — supposing them to be bodies of identical molecular weight — is the 
following : 

CH2(OH).CH(OH).CH(OH).GH(OH).CH(OH).COH, 

since they are penthydroxylated compounds, and are directly convertible into*mannitol 
or dulcitol by tbe action of nascent hydrogen. 

Passing now to the acids, we have to notice the examples afforded by the lactic 
acids, by malic and tartaric acids, by mucic and saccharic acids, by the hydromellitic 
acids, hy the crotonic acids and a number of their homologues, by maleic and fumaric 
acids and their homologues, and by the camphoric acids. 

The researches of ‘WisHcenus have sho-wn that a modification of ordinary lacti c 
acid exists which differs from the latter only in that it is optically active : in their 
chemical reactions the two modifications are precisely similar, and both can be repre- 
sented only by the formula 

CHs.CH(OH).COOH. 

Several modifications of m ali c a c i d exist, apparently corresponding with the several 
modifications of tartaric acid, viz. a Isevorotatory modification, which occurs naturally, 
a dextrorotatory modification, formed hy partial reduction of tartaric acid (Dessaignes, 
Bremer), and one at least optically inactive modification (Loydl, LieUg's An7ialen, 
cxcii. 80). Theory admits only of the existence of a single acid of the formula 

000H.CH2.CH(0H).C00H. 

Tartaricacid, itis well known, exists in four distinct modifications . Eacemic acid 
is no doubt a body of different molecular weight from either Isevo- or d ext ro- tartaric 
acid, .and it is not impossible, although improbable, that mesotartarie acid is also ; but 
Isevo- and dextrotartaric acid are undoubtedly isomeric. There is, however, only one 
formula which can be assigned to a body behaving like dextro- and Isevo-tartaric acid, 
viz. 

COOH.CH(OH),CH(OH).OOOH ; 

the alternative formulse, 

CO0H.OT.C(OH)2.0OOH and OH2(OH).0(OH)(COOH)2 or CH(0H)ICH(C00H)2 
are entirely out of the question. 

The camphoric acids obtained by oxidation of the various modifications of 
camphor, like the p^ent substances, appear to differ only in their optical characters. 

Saccharic and' mncic acids being derived from mannitol and dulcitol respec- 
tively, and being directly obtained therefrom by oxidation, must both be represented 
by the formula 

CO(OH).OH(OH).OH(OH).CH(OH).GH(OH).COOH, 

which also is in accord with their general behaviour. 

Hydro- and is ohydromelli tic acids, C®H®(COOH)®, afford another instance 
of two compounds which apparently must he represented l)y identical formulse. The 
former undergoes slow spontaneous conversion into the latter when kept, and the change 
is easily effected hy heating with strong hydrochloric acid solution at 180°. The car- 
boxyl groups in hydromellitic acid must be regarded as each associated with a dif- 
ferent carbon-atom, and Baeyer assumes that the conversion into the iso-acid is the 
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result of the transposition of one of the carboxyl groups. But. the fact that the iso-acid 
is an extremely stable body, and far more stable than mellitie acid, entirely negatives 
the assumption that more than a single COOH-group is associated mth a single 
carbon-atom. 

Crotonic acid being represented by the formula CH^.CH— CH.OOOH — on account 
of i ts formation from acetaldehyde and of its behaviour on oxidation, and methacrylic 
acid by the formula CH-zz:C(CH^).COOH— because of the iDrodiiction of a mixture of 
formate and propionate on fusing it with potassium hydroxide, isocrotonic or quart- 
enylic acid (vii. 397 ; viii. 586), has been represented by the third of the three formulae 
possible for an acid of the composition C^H-hCOOH, viz. 

CH2=:0H.CH2.C00H. 

Eecent investigations, however, throw considerable doubt on the correctness of this 
conclusion, and render it extremely probable that both crotonic and isocrotonic acids 
must be represented by the same formula. Thus the formation of acetate alone on 
fusing it with potassium hydroxide, instead of a mixture of formate^and propionate, 
has been ‘ explained ’ by the assumption of a previous isomeric change similar to that 
which occurs on heating the acid ; but, apart from the fact that the conversion of 
isocrotonic into crotonic acid is not complete even after prolonged heating at 170°~ 
180° (Alberti), it has been shown that similar products (formic, acetic and oxalic 
acids) are obtained when the oxidation is effected entirely without the aid of heat by 
permanganate (Hemilian, Liebig’s Annalen^ clxxiv. 33U). It may be argued that the 
conversion of an acid of the formula CH-~OiI.OH2.COOH into that of the formula 
CH^CHnCH.OOOH is not without analogy, and is therefore probable, since allylie 
alcohol, CH2=CH.CH2.0H, yields solid crotonic acid, OH^.CH—CH.COOH, when the 
cyanide prepared from allylie iodide by double decomposition with potassic cyanide is 
digested with alkali, &c . ; the oxidation-products of allylie alcohol and iodide, and of 
the cyanide and crotonic acid which they furnish, are, however, very different, no acetic 
acid’being obtained from either of the former (Kekule and Binne, Lciit Chem. Ges. 
Ber. vi. 386), and it appears improbable that an acid having the constitution 
CH'rxCH.CH^.COOH would furnish acetic acid on oxidation. 

If crotonic and isocrotonic acids have identical formulse, the two chlorotonic acids 
obtained from ethyl acetoacetate must also be represented by identical formulae. 

Cinnamic acid, C®H®.CHir:OH.COOH, the analogue of crotonic acid in the 
aromatic series, affords another instance of isomerism requiring further elucidation. 
According to G-laser, the dibromide of this acid yields two isomeric (a and bromo- 
cinnamie acids ; that of lower melting point (jS) is converted into that of higher 
melting point by mere distillation or by heating with hydriodic acid, and Barisch has 
recently shown (/. jpr. Chem. [2], xx. 173) that the ethyl salt prepared from the 
^-acid is identical with that obtained from the a-acid. The a-acid being represented 
by the formula C®H^.CBr— CH.COOH, the only other possible formula for an acid 
formed in such a manner, viz., 0®H®.CH=:CBr.G00H, is assigned to the i8-acid, but it 
must be admitted that direct evidence of the correctness of this formula is wanting. 
The formation of cinnamic acid from both a- and iS-bromocinnaniene by the action of 
sodium and carbonic anhydride is also remarkable. 

The isomerism of angelic and methylcrotonic acids, C'HhCOOH, is also 
highly remarkable. The former is converted into the latter by mere distillation. 
Both furnish the same products on fusion with potassium hydroxide, when combined 
with hydrobromic acid, or when combined with bromine, but dissimilar iodovaloric 
acids when united with hydriodic acid (compare Domar 9 ay, Cornet, rend. Ixxx. 1400 ; 
Ixxxiii. 906 ; Fittig, Koppand Pagenstecher, Liebig’s Annalen, cxcv. 81-128 j Schmidt, 
Bent. Chem. Ges. Ber. xii. 252). The dibromide prepared from angelic acid is de- 
prived of its bromine by distillation or by the action of nascent hydrogen : the parent 
acid is not regenerated, however, but methylcrotonic acid is produced instead. 
This behaviour can be represented in accordance with our present symbolic system of 
notation only by assigning the same formula to the two acids. 

Lastly, it appears probable that the difference between oleic and elaidicacidis 
of the same order as that which obtains between the crotonic acids and between angelic 
and methylcrotonic acid, as they furnish the same products on fusion with potassic 
hydroxide, and are both converted into stearolic acid by the withdrawal of 2 atoms of 
hydrogen. 

Passing to the biba sic acids, fumaric and maleic acid and their homologues, 
citraconic and mesaconic acids, are apparently also to be included in the category of 
exceptions. As fumaric and maleic acid do not lose carbon dioxide when heated, and 
both yield ordinary succinic acid when treated with nascent hydrogen, we must assume 
that in both the carboxyl groups are associated with different carbon-atoms ; but there 
is only one formula possible satisfying this condition, viz., COOH.CH~CH.COOH. 
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unless indeed we assume as Keknle and more recently Fittig have suggested {Liebig's 
Annalen, clxxxviii. 95) that in the so-called nnsaturated compounds the affinities of the 
carbon- atoms which are not engaged with other elements need not necessarily 
mutually satisfy each other : in this case the following formula is also possible, 

COOE.CH2.|j.COOH. 

Again, there are only two formulae by which the pyrocitrie acids, itaconie, citraconic 
and mesaconic acid can be represented, since each is converted into methyisuccinic 
(pyro tartaric) acid when submitted to the action of nascent hydrogen, thus : 

CH3CH(C00H).CH2 000H 

Metnylsuccinic acid. 

CH2=iC(COOH).CmCOOH, and OT.O(COOH)=CH.COOH. 

Pyrocitrie acids. 

Itaconie acid is most probably represented by the first of these formulae, as it yields 
allene, on electrolysis ; only one formula therefore remains for both 

citraconic and mesaconic acid, but this accords entirely with their general behaviour 
and especially with the fact that both furnish methylacetylene (allylene) on electro- 
lysis. If, however, we admit the * unsatisfied affinity* hypothesis, we may, as Fittig 
suggests, represent the one acid by the formula 

CH.C(COOH)=OH.COOH, 

the other by the formula 

CH».CH(OOOH).i!.COOH. 

But although this hypothesis appears to be applicable in the case of these acids, and 
also in the case of the acids of the acrylic series before alluded to, it does not enable us 
to explain the isomerism of mannitol and dulcitol, of the two hydrobenzoins, of the 
hydromellitic acids, or of the two tartaric acids of opposite rotatory power, which 
are all saturated compounds : this being so, it appears desirable to seek further for an 
explanation which shall include the whole of the exceptions we have referred to, and 
not to accept one which is only of very limited application. 

Two other remarkable instances of isomerism yet remain to be noticed : that 
afforded by the methylethylsulphine-compounds, and that afforded by certain 
hydroxylamine derivatives. 

Thus, according to Kruger («/. pr. Chem. [2], xiv. 193), the sulphur metho- 
diethiodide, CH^S(C2H®)-T, obtained by combining methyl iodide with ethyl sulphide, 
not identical with the body of the same composition produced by combining ethyl 
iodide with methyl-ethyl sulphide : the former compound and all the simple salts 
prepared from it by displacing the iodine by other negative radicles being so extremely 
soluble and deliquescent as to be uncrystallisable, whereas the latter crystallises 
readily in long needles, and furnishes a series of double salts which are all deeper in 
colour, of different crystalline form, and have lower melting points than those of the 
same composition derived from the body prepared in the manner first described ; 
moreover, the chloride obtained from the former furnishes with mercuric chloride a 
double chloride of the formula S(C^H®)2(CH®)C1.6HgC12, while that from the latter 
yields only a double chloride of the formula S(C“H®)2(CH®)C1.2HgCP. 

If the formula generally assigned to hydroxylamine be correct, viz. 
at most two isomeric derivatives should be obtainable from it, and the only alternative 
formula by which its relation to ammonia can be expressed, does not admit 

of the existence of any isomerides. Lessen, however, has shown that by varying the 
order in which benzoyl and anisyl are introduced in place of the three hydrogen -atoms 
no fewer than three isomeric dibenzoylanisyl and three isomeric dianisylbenzoyl deriva- 
tives may be obtained, all but one of which moreover are dimorphic, one being even 
trimorphic (comp. pp. 1075-1079). 

The formulae of our present system are all constructed on the hypothesis that the 
several units of affinity of a polyad atom such as that of carbon, sulphur, or nitrogen, 
are of the same value and have identical functions. If it be assumed that this is not 
the case, the anomalies above noticed would appear at once to meet with an explana- 
tion. But such an explanation cannot be regarded as satisfactory, or even probable, 
when it is remembered that none of the simpler derivatives of methane, ammonia, &c., 
exist in a greater number of modifications than our theory requires, the anomalous 
bodies being all of comparatively complex composition ; and that, according to this 
view, the number of possible isomerides would be very greatly in excess of that 
required by the present hypothesis : this latter argument being almost without doubt 
perfectly valid, as our knowledge of the simpler compounds, though necessarily 
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far from complete, is sufficiently advanced to warrant the conclusion that if such 
are really capable of existing, they would long ere this have been discovered. In fact, 
all things considered, the agreement between theory and practice is wonderfully com 
plete, and this alone suggests that our present system must be a very close approxi- 
mation to the true system. 

Again, if it be assumed that our present formulie are not merely symbols indi- 
cating the chief chemical characteristics of the compounds to which they refer, bnt 
that they are really representative of the relative mode of arrangement of the 
atoms in the compounds, it may be supposed that, even if the hydrogen-atoms in a 
compound such as methane are of equal value, isomeric derivatives are still possible, 
since the radicles introduced in place of the hydrogen -atoms may occupy relatively 
different positions in the molecules ; thus two di-derivatives of tho form CEEEjRj 
(figs. 8 and 9), two of the form CERE-iRa (dgs. 10 and 11), and no fewer than three 
of the form CEEjEsEg (figs. 12, 13, and 14) would appear to be possible, E, Ej, Eg 
and Eg being different monad radicles. Moreover, the group Ej in the formula 
ORREEi (fig. 15), has obviously on this hypothesis a different value from that of the 
group E^, so that in a compound such as chloromethane, CH^Ol, one Cf the hydrogen- 
atoms should have a special value. Conclusions of this kind are so entirely opposed to 
all experience, that they may be regarded as out of the question. 


Fig. 8. Fig. 9. Fig. 10. Fig. 11. 



Fin. 12. Fig. 13. Fig. 14. Fig. 15. 



Van’ t Hoff nas proposed a system of formulae based on the arrangement of the 
symbols in space, instead of in a single plane, which indicates a greater number of 
isomerides than our present system, and to which the objection above made does not 
apply (Van’ t Hoff, La Ghimie dans VEsjpace, 1875 ; comp. Die Lagerung dcr Atoms 
im Baume, a German adaptation of Van’ tHoff’s pamphlet, by Herrmann, 1877) 
Similar views have also been advanced by Le Bel (Bull. Boo. CMm. xxii. 337 , 
comp. ibid, xxiii. 295). 

The fundamental hypothesis of the Van’ t Hoff system consists in supposing 
that the carbon-atom occupies the centre of a tetrahedron, and that its four affinities 
are directed towards the four solid angles. The compounds of the forms CEREE, 
CEREEj, CEERjEj, and CRERiEg, cannot exist in isomeric modifications, as in these 
cases a difference in the relative positions of the various radicles is not conceivable, 
bnt when all four radicles associated with the carbon- atom are different, two iso- 
merides are possible, represented by figs. 16 and 17. 


Fig. 16. Fig. 17. 





An observer lying along the edge Eg, having his head at E, would in the one 
case (fig. 16) see Ej on his right hand, and in the other on his left hand; the two 
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tetrahedrons bearing to each other precisely the relation of an object to its reflected 
image, and whatever the position in which they are placed, they cannot be superposed. 
A carbon-atom in this condition is termed c^ymmetric^ and its presence in a formula 
may be indicated by an italicised <7. 

A combination of two carbon-atoms, associated by a single afflnity of each, is 
represented by two tetrahedrons joined together, as in fig. 1 8. 


Fig. 18. 



Supposing the four corners Ej, Rj, R 4 , Eg of this figure to be in the same plane, 
and fol&ng down the triangles E 1 E 2 E 3 , R 4 R 5 Eg, in this plane, we have in fig. 19 a 
simpler symbol of such a combination. 

Fig. 19. Fig. 20 . Fig. 21. Fig. 22 . 



Fig. 23. Fig. 24. Fig. 26. 



Von. Vin. 4 E 
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If we regard the system as rotating round an axis joining the two carbon-atoms, 
figs. 19 and 20 obviously do not represent isomerides, but merely the same combination 
at two phases of the rotation ; this is not the case, however, with figs. 20 and 21, 
•Tyhich differ in that the rotation of the groups ) direction in the 

one ease and in an opposite (or --) direction in the other. Denoting the order of 
rotation EjEgRa by the symbol -hA, ' and rotation in the opposite direction by the 
symbol —A, and the rotation of the groups EiEsEe in like manner by +E and — E, 
the following different forms are, in fact, possible : 

+ A — A +A *“A 

+ B +B --.B -B 

These are represented by figs. 20, 21, 22, and 23. If, however, on.y one of the 

carbon-atoms be asymmetric, the number of possible isomerides is reduced to two 
(figs. 24 and 25), since the order of succession of the radicles associated with the one 
carbon-atom cannot be varied, and therefore + B = — B : so that, in short, a compound 
of whatsoever kind in which the carhon-atoms are united by single a^nities may be 
expected to exist in two isomeric modifications if it contain a single asymmetric atom 
of carbon ; and if it contain two such atoms of carbon, four modifications would appear 
to be possible. By similar reasoning it may be shown that a compound containing 
three asymmetric atoms of carbon may exist in eight modifications, viz. : 


-I-A 

+ A 

■f A 

■fA 

-A 

-A 

-A 

-A 

-l-B 

-B 

-hB 

-B 

-t-B 

-B 

-tB 


+ 0 

+ C 

-C 

-0 

-hC 

+ C 

-C 

-C 


one containing four in sixteen modifications ; one containing five in thirty- two ; and 
generally, that a combination containing n asymmetric atoms of carbon may exist in 
(2)" modifications, or 

N, = 2“. 

If the compound be represented by a symmetrical formula, however, the number 
of possible isomerides is somewhat less. The simplest case of this kind is represented 
by the formula 

C7(RiRoE3)C'(EiE2Es). 

Here A = B, and the following different groupings at first sight appear possible, 

-^A -i-A -A -A 

+ A —A -1-A -A 

but it is easy to see, especially if the figs. 26, 27, 28, 29, representing tneso groupings, 
are inspected, that 

+ A _ -A 
-A “ +A 

the one being merely the reversal of the other in space, and therefore the number of 
possible isomerides in such a case is reduced to three. 



A less simple case is the following : 

C(R,RA) C(E4R5)C'(R,R5) C'(E,R^,). 
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If the formula were not symmetrical, a compound such as this should exist in 2^ = 16 
isomeric modifications, thus : 


+ 

+ 

+ 



-H 

+ 

+ 
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0 

6 

7 
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13 

14 

15 

16 



But since A = D and B = C, replacing D by A and C by B, it is evident that the 
symbols 2, 3, 4, 6, 8, 12, are merely reversals of the symbols 9, 5, 13, 11, 15, 14, so 
that only the 10 following isomeric modifications appear possible : 



The number (No) of isomerides possible of a compound represented by a symme- 
trical formula containing ti asymmetric atoms of carbon is therefore : 


Ns « (2) 2 + 


(2)° - (2) o 
2 


or, since there must always be an even number of asymmetric carbon-atoms in a 
compound of symmetrical formula, we may substitute 2p for n ; hence 

(2)2p 


No == (2)P + 


= (2)o->(l + 


2f). 


The hypothesis also indicates a greater number of isomerides than^ our present 
theory in the case of compounds in which the cai’hon-atoms are associated by two 
affinities of each, represented by the general formula 

where Bj, Bo, Bg, B^, are identical or different monad radicles. Such a combination 
is represented by two tetrahedrons having one edge in common. If the four radicles 

Pig. 30 . Pig- 31 . 



are identical, only one figure of this kind can be constructed, and this is also the cj^e 
when only Bj differs from Bo, or Bg from B4 ; but if Bj be different from Bj, or Bg 
from B4, although Bi and Bg and Bg and B4 are identical, two such figures may be con- 
structed (30 and 31), in which the radicles Bg B4 occupy different positions relatively^ 
to the radicles B^ Bo. The number of possible combinations of the form in question 

4 E 2 
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may be produced being represented by tbe following arrangements of the 
symbols Ej, &c, : 

(1) (2) EiE, (3) EA (4) EiE^ (5) E.Ej (6) E.E^ (7) E^E^ 

E,E, E1E2 E2E2 EiE 2 * EgEg EjEs ^31^4 


only those numbered 4, 6, and 7 may be expected to exist in two isomeric modifica- 
tions. ^ 1 

The hypothesis does not indicate a greater number of isomerides than our present 
theory in the case of compounds in which the carbon-atoms are united by three 
affinities of each, or in the case of the benzene derivatives. 


Van’ tHoff has pointed out (oy). oi^.) that the isomerism of hydrobenzoi’n and iso- 
drobenzoin, of the two lactic* acids, of the two dibromosuccinic acids, of fumaric and 
maleic acids, of citraconic and mesaconic acids, of crotonic and isocrotonic acids and 
the corresponding chlorocrotonie acids, and of oleic and elaidic acids may be explained 
on the above hypothesis ; and the additional instances that have been cited above, 
including the sulphine compounds, but not the hydroxylamine derivatives, would 
also appear to meet with an explanation, if such a hypothesis be admitted.* 

There is, however, an objection of considerable force to any such hypothesis, that 
it does not satisfactorily account for the very considerable difference in properties 
between many of the bodies instanced, such as the hydrobenzoins, mannitol and 
duleitol, the glucoses, angelic and methylcrotonic acids, &c. As van’ tHoif himself 
admits, isomerides differing in ‘ constitution ’ only in the manner described might be 
expected to difier in a comparatively slight degree and chiefly in certain physical 
properties ; but there is a most distinct and often very considerable difference in so- 
called chemical properties between many of the bodies in question, dextrose and 
Isevulose, for example, the latter undergoing fermentation less readily than the former, 
and yielding when digested with dilute sulphuric acid, aeetopropionic acid, which 
is not produced from dextrose. If, as appears probable, the influence which a given 
substance exercises on the polarised ray is due to the molecules themselves, and is to 
a great extent independent of intermoleeular action, it is conceivable that between 
bodies differing only in such a manner in constitution, there should be a difference 
such as that observed between dextro- and Isevo-tartaric acid ; but it is almost im- 
possible to admit that there should be so substantial a difference in physical proper- 
ties, such as melting and boiling point, which are chiefly dependent on intermoleeular 
action, or on so-called chemical properties, as exist between many of the isomerides 
we have mentioned.f 

In fine, whatever the imperfections of the present system of notation, it does not 
appear that any modification yet suggested is better adapted to the end in view ; and 
it may he doubted .whether a more perfect system can be devised which does not take 
into account. the dynamics of the molecules, and especially the loss or gain of energy 
involved in the passage of one system into another in similar reactions of isomerides. 

H. E. A. 

XSOKTXTROSVTAIorE. See Niteopauaffins. 

12 4 

XSO-OXYCinvcxc ACXR, C'oH^^os^^c^H^CCO^H.OH.O^HO (Jacobsen, Deni. 
Chem, Ges. Ber. xi. 1058). This acid is formed by prolonged fusion of carvacrol with 
potash ; it may be purified by acidifying the crude product and distilling it in a current 
of steam ; and separates out in flat needle-shaped crystals on adding hydrochloric acid 
to a solution of one of its salts. It melts at 93°, is only slightly soluble in cold 
water, but dissolves freely in hot water, also in alcohol, ether, and chloroform. The 
cold aqueous solution gives a deep red- violet colour with ferric chloride. The barium salt 
crystallises in anhydrous rhombic tablets, slightly soluble in water. The calcium 
salt, also anhydrous, crystallises in very soluble silky needles. The 'potassium salt 
is very soluble in water, but crystallises well ; its concentrated solution gives with 
ferric chloride a dirty violet precipitate which dissolves in a large quantity of water 
with a fine red-violet colour ; no precipitate or coloration with ferrous salts ; no 
precipitate with magnesium salts. With zinc, manganese, cadmium, and silver salts, 
it forms precipitates which dissolve in boiling water and crystallise out on cooling. 
The cupric and mercuric salts are likewise soluble in hot water. 


* Van’ tHoff has pointed out that all compounds capable of rotating the plane of polarisation of 
a ray of light have one or more asymmetric atoms of carbon in their formulas ; the converse does not 
hold good, however, that all compounds containing asymmetric carbon-atoms are optically active, 
but he has discussed a possible explanation of this (see art. Light, section Circular Polarisation, Theory 
of the Constitution of optically active bodies), 

^ t It may be questioned whether any two compounds different in physical characters are precisely 
alike in so-called chemical properties ; the two tartaric acids, which probably resemble each othei 
more closely than any other two compounds with which we are acquainted, undergo fermentation, 
it is said, with different degrees of readiness, the dextro-rotatory acid di^sappearing first- 
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Iso-osyoumio acid haated alone to 23o®-238° or with hydrochloric add to 190°, is 
for the most part resolyed, with ebullition, into carbon dioxide and the corresponding 

1 2 

phenol, viz. metap'o^pylhydroxyl-hensene, C®H^^(OH) = C®H‘‘(C^H’)(OH). See Phenols 
and Peopyl-benzenb. 

XSOPlSNT’irXiIVXETHVl. I&BTOZffE. See Ketoots. 

XSOFXilHZC ACXD. See NAECOTiNE-DEEivATrvES. 

XSOFXC iliCX3>, syn. with Methylnorhemi^iniG acid. See KiLECOTiNE-DEBivA- 

TIVES. 

XSOPXCRXC ACZB. See Picric Aged. 
xsoRCXigr. See Oecin. 

XTACOXrXC ACZB, See Pyeociteic Acid (p. 517). 

XTABXSROlMCOPirROTABTAXtlC ACI1>« See Pyeotaetaeic Acid. 
XTAMaIIiXC ACXD and XTATARTARZC ACX3>. See Pyeociteic Acids 

(p. 618). 

^ ZROXiITTEI. A fossil resin, occurring in the lignite of Gloggnitz, in the form of 
fluid drops which darken in colour and harden on exposure to the air. When fused 
with potash, it yields pyrocatechin (Weidel, Wien. Akad. Ber. [2], Ixxiv. 387). 


J 


JABORAWBX. This is the native name for several drugs of a sudorific and 
salivating character, consisting of the leaves and twigs of various species of Pilocarjous 
and other trees growing in Brazil, Paraguay, and Pernambuco. Some varieties are 
said to be obtained from P. pinnatifolms growing in northern Brazil. According to 
E. M. Holmes {Pharm. J. Trans. [3], v. 581, 641) the jaborandi of Pernambuco is 
most probably obtained from P. Selloanus; according to Schelenz (Arch. Pharm. [3], 
vii. 414) and Baillon (ibid. 327) the drugs included under the name of Jaborandi are 
obtained from a whole series of plants belonging to different families. 

Byasson (Pharm, J. Trans. [3], v. 826) has obtained from Jaborandi leaves as 
alkaloid which he calls jabo ran dine, and regards as the active principle of the 
plant. It is viscid ; tastes sharp and hitter ; volatilises like nicotine with vapour of 
water in presence of ammonia; dissolves in chloroform, ether, absolute alcohol, 
ammoniacal water and dilute acids. 

A. W. G-errard {ibid. 865, 965) prepares from jaborandi bark an alkaloid which 
he calls pilocarpine. The hark is exhausted with alcohol; the soft extract re- 
maining after evaporation of the solvent is washed on a filter with water ; the watery 
filtrate is evaporated at a gentle heat to the consistence of a fluid extract ; ammonia 
is added in slight excess ; and the liquid is shaken up with chloroform. The chloro- 
foian solution when evaporated yields impure pilocarpine. The hydrochloride, nitrate, 
and sulphate of this base are crystalline salts which dissolve in water and produce 
the characteristic physiological effects of jaborandi. Gerrard also found in jaborandi 
an acrid resin, tannic acid, chlorophyll and a volatile oil. 

E. Hardy (Bull. Soc. Chim. [2], xxiv. 497) prepares pilocarpine by exhausting 
jaborandi leaves with water ; evaporating the liquid to a syrup ; mixing the residue 
with excess of magnesia and drying it ; exhausting the dried residue with chloroform ; 
evaporating the extract, dissolving the residue in water ; and evaporating the filtered 
solution in a vacuum. Pilocarpine thus obtained is a syrupy mass, forming crystalline 
salts with hydrochloric, nitric and sulphuric acids. 

By distilling jaborandi leaves with water, Hardy obtained a volatile oil consisting 
mainly of a hydrocarbon, called pi lo carp ene, having a fragrant odour, a 

specific gravity of 0'852 at 18°, vapour-density =4*0, and boiling at 178°. 

Kingzett (Chem. Soc. J. xxxii. 367) finds that the alkaloid obtained from the 
stalks and branches of jaborandi is amorphous, and yields an uncrystallisable hydro- 
chloride. The gummy base dried in a vacuum gave by analysis numbers agreeing 
with the formula 4H20, and that of the platino-chloride dried at 80°. 

led to the formula 2HC1, PtClb This salt crystallises in reddish-yellow 

octohedrons slightly soluble in cold,^ easily in hot water. 

On the physiological action of jaborandi, see Continho a. Gubler (2s\ Bep. Pharm. 
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xxiv, 231, 233 ; Robin, iUd. 236 ; Jahresh. / Qhmu 1875, 888 ; M. Stnmpf, iV. 
JPharm. xxv. 703). 

JiiCOBSXTB. A mineral from LSngban belonging to the spinel group ; it is 
strongly magnetie and has the following composition : 

lusol. 

Mn“0“ MnO MgO CaO P“0“ Pb residue 
58-39 6-96 29-93 1-68 0-40 0-06 1-22 2*17 = 100-81 

leading to the formula MnO(Fe“0^, Mn-0^) (A. E. Nordcnskiold, Jahresb. /. 3Im, 
1878, 206). 

JiLMBSOSTSTS. Bid^j^liantmwnite of Lead (iii. 442). — This mineral occurs, 
together with arsenical pyrites, iron pyrites and copper pyrites, in a vein of crystalline 
calcite implanted on clay-slate in the Sierra de los Angidos, the northern continuation 
of the Sierra de Famatina in the Argentine Republic (p. 733). It forms fibrous to 
cauline aggregates or crude masses ; has a specific gravity of 4*25 ; melts without 
decrepitation when heated ; and gives by analysis the following numbers : 

S Sb As Pb Ag Cu Zn . 

21-75 32-00 0-20 39-05 1-34 3-45 0*62 2-00 =.100-41 

(A. Stelzner, Jahrkf. Min, 1874, 537). 

JABOSZTE. This native potassio-ferrous sulphate originally found in yellowish 
rhombohedrons at Baranco Jaroso, near the Sierra Amugnera in Spain (iii. 443), 
occurs also at Beresowsk, in blackish-browm crystals exhibiting the combination 
R . OR. Angle R : R=:89*8° (N. v. Kokscharow, Jalirh,f. Min. 1875, 872). 

JAVAimHE. An alkaloid not yet fully examined, occurring in the bark of 
Cinchona Caliscuya, var. Javanica (Hesse, Leri. Bor, x. 2152). 

JBFFBRZSXTB. This name was given by Brush to a chloritic mineral from 
the serpentine of West Chester, Pennsylvania (vi. 703). The same mineral occurs 
accompanying corundum in the Oulsagee mine near Franklin, Macon County, 
R. Caplina. Analysis: 1, Broadly laminar variety from the Culsagco mine, analysed 
by Konig, 2. The same by Chatard. 3. A greenish-brown-yellow microlaminar 
variety^ from the same locality analysed by Chatard. 4. Broadly laminar variety 
from West Chester, by Konig. 5. The same by Chatard : 


1. 

SiO“ 

APO“ 


FeO 

MgO 

Loss by 
ignition 

33-93 

17-38 

5-42 

0-50 

23-43 

10*17 = 99*83 

2. 

33-77 

17-56 

5-61 

0*50 

22-48 

20-30 = 100-22 

s! 

34-00 

20-36 

4-91 

0-42 

21-71 

18*50 = 99.90 

4. 

33-35 

17-78 

7-32 

2-11 

19-26 

19-87 « 99-69 

5. 

34-40 

16-63 

8-00 

2-11 

19-30 

19-03 = 99-47 


Small quantities of potash and soda were also present but not determined (F. A. 
G-enth, Contrihutions from the Laboratory of the XIniuersity of Lennsylvania. No, 1. 
J, Chem. [2], ix, 49). 

JBR.VIWE. See Verateum Alkaloids. 

J'BITFOORXTE. This, according to W. A. Ross {Lroo. Boy. Soc. xxi. 292), is 
the correct name of the native cobalt sulphide, hitherto called Syc^oorite (1-1050), 
occurring in the copper mines of Khetree in the principality of Jeypoor in Rajpootana, 
India. A hlow-pipe analysis made with a very small quantity of material gave 82 
per cent- cobalt, 7 antimony, G arsenic, and at most 5 sulphur, whereas the older 
analysis by Middleton gave 64*64 Co and 35*36 S, agi-eeing nearly with the formula 
Cob. The mineral occurs in very small monometric crystals ooOoo . 0 . ooO, in an 
intimate sandy mixture of magnetie pyrites, copper pyrites and quartz. ^ 

^ JOGITN-AXTE, This name was given by the late N. v. Nordenskiold to a 
mineral species (commonly regarded as an earthy scorodite) formed by decomposition 
of arsenical pyrites in the mountain-range of Adan-Tschilon, in the Government of 
Nertschinsk (N. v. Kokscharow, N. Fetersh. Acad. Bull. xix. 564). 

^ JOBBAXrXTE. This sulphur-compound, originally found in the Binnenthal 
(VI. 763), occurs also at Nagjag (Tschermak, /. Min. 1874, 188). Analyses: 
(1 and 2). From the Binnenthal (Sipocz, Jahrb. f, Min. 1873, 6441 (31 From 
Nagjag (E. Ludwig, ibid. 1874, 188) : J- \ J' 


(1). 

S 

As 

Sb 

Pb 


18-18 

12-78 


68-99 = 

99’95 

(2). 

18-13 

12-86 

0-11 

68-95 = 

100 05 

(3). 

17*06 

9-90 

1-87 

70-80 = 

99-63 


Sipocz deduces from his analyses the formula PbAs^S^. 
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TCG^OSSrS. See Nucin. 

7'im'XPBX&. The following analysis of juniper-berries, differing considerably 
from that by Bonath (vii. 710), is given by Ritthausen (Landw. Versiccks-St. 
xx. 409): 


Water .... 
Fat, resin and essential 

10*77 per cent. 

oil . 

12-24 „ 

Albuminoids 

5 41 „ 

Woody Fibre 

31*60 

G-rape-sugar . 

14-36 


Other substances soluble 
in water . . . 11-70 per cent. 

Non-nitrogenous matter 
sol. in H-SO^ and in 
caustic alkalis, but not 
in water . . .10-55 „ 

Ash .... 3*37 


JUTB. The fibre of certain tiliaceoiis plants cultiTated in Bengal, chiefly the 
annuals, Corclionts cajpsularis and O', olitorius. The sowing takes place in March or 
April, and the pop is reaped in August before the seeds are ripe. The plants, which 
grow to the height of about 12 feet, are tied up in bundles and retted in water for 
five or six da^li, and then swung in the air to separate the long fibres from the brittle 
woody matter. In this state the jute is imported into Europe. Successful attempts 
have also been made to cultivate jute in China and in America, where it is used for 
the packing of cotton. 

The crude jute, about 12 feet long, is usually somewhat woody at the lower end. 
It is nearly colourless at first, but becomes dark-coloured after some time. It is 
bleached by passing it, first through an alkaline hath and then through a hath of 
magnesium or sodium hypochlorite. 

Jute is easily distinguished by the microscope from flax, cotton and hemp by the 
very irregular thickness of its cell-walls, so that the central space does not conform 
to the external outline, whereas flax fibre consists of bundles of cells having thick 
walls and a circular outline. Jute fibre, like all woody fibres, is coloured yellowish- 
red by aniline sulphate, and the presence of a considerable amount of woody matter 
in jute is shown by the great depth of colour which it acquires when thus treated, 
whereas hemp is scarcely affected by the same reagent, and flax not at all. 

Retted jute fibre dried at 100° C. contains 16*540 per cent, water, 83*131 organic 
matter and 1‘329 ash. A more detailed analysis gave the following results. 


"Wax and fatty matters, soluble in ether . . . . . ~ 0-235 

Tannic acid and colouring matters soluble in alcohol . . = 1-135 

Sugar, Pectin . . = 2*427 

Soluble Nitrogenised matters =: 0*512 

Insoluble Nitrogenised matters = 2*438 

Inorganic matters united with fibre = 1*010 

Cellular fibre = 92-248 


100-000 

hTitrogen in original fibre . = 10*291 

Nitrogen in the fibre after treatment with solvents . . . — 10*210 

The fibre in its crude state contains 0-291 per cent, nitrogen, and after exhaustion 
■with the reagents above mentioned, it still retains 0*210 per cent. 

The quantity of jute imported through Dundee alone amounts yearly to 100,000 
tons, and in addition large quantities are imported by way of London, Liverpool and 
Grlasgow. 

Jute is used for the manufacture of all kinds of coarse spun and woven fabrics, 
such as sacking, mats, stair-carpets, &c. It also forms an excellent material for the 
making of false hair, and for the substance of silk bats. 


K 


l&AmXTB. H. Schwarz {Dingl, pol. J. ccxix, 345) nas analysed two samples 
of crude kainite from Kalusz in Calicia (vii. 710), with the following results : 

Water 


K“SO^ 

MgSO* 

NaCl 

MgCP 

Clay 

and Loss 

21*55 

18*21 

29-02 

12*79 

2*38 

16-05 

22*77 

17*20 

23*92 

14*60 

0*65 

15-86 
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These numbers represent a mixture of about 51 per cent, schonite, (K^SO^ MgSO*> 
SH^O), 24-29 sodium chloride, IT-IO magnesium chloride (with 2WO), and 2 to 3 
clay. 

To obtain the potassium sulphate from this salt, Schwarz recommends the use of 
finely ground gypsum, which separates a double sulphate of potassium and magnesium. 
This double salt may be decomposed by boiling water, which dissolves out the 
potassium sulphate ; and the residual gypsum, perhaps containing a little potash, may 
be utilised for the decomposition of fresh quantities of kainite. 

Use of Kainite as Manure . — ^Experiments on the manurial effect of Stassfurt 
kainite (24*97 K^SO*, 12*01 MgSO‘, 14*70 MgOP, 32*40 NaOl, 1*46 CaSO'S 12*00 
water, and 1*56 insoluble matter) have been made by P. Wagner (Landw. Verszcchs-St. 
Darmstadt, 1874), leading to the following results. The potash introduced into the 
soil in the form of kainite, distributes itself more uniformly and more widely than 
pure potassium salts: consequently manuring with kainite is especially beneficial 
to deep- rooting plants. The chlorine-compounds in the kainite must be washed out 
of the soil, as they act injuriously on vegetation ; and for this reason kainite must be 
laid upon the land in autumn, winter, or the beginning of spring. There is no fear 
of washing out the potassium salts at the same time. If an abundant enrichment of 
the soil with potash is descried, pure potassium salts are preferable to kainite. 

KAISER Olli. See Pbteoueum. 

KAOILXN'. Analyses of several kaolins used in Austria for the manufacture of 
bricks are given by F. Fischer (DingL ^ol. J. ccxxvii. 65 ; Chem. Soo. J. xxxiv. 691). 
The composition and properties of kaolin from the Middle Variegated Sandstone of 
Thuringia are described by H. Herold {Jahrb. f. Mm. 1875, 877 ; Chem. Soc. J. xxix. 
530) and by E. Schmid /' ilfm. 1876, 669 ; Chm. 8oc. J. xxxii. 119). A 

silicate having the composition of kaolin, SiAl-H'^O”, but differing from it in specific 
gravity, and other physical properties, occurs imbedded in the porphyry of Stein in 
Oarniola. Sp. gr, =2*209. Analysis: 

SiO’ APO» CaO MgO H“0 

45*97 38*96 1*17 0*12 14*24 = 100*46 

(F. Ullik, Min. Mitth. 1873, 197). 

Kaolin from G-oppersdorff, in the circle of Strehlen, Silesia, contains, according to 
C. Bischof (JDingl. pol. J. ccxiii. 60). 

Lobs by 

SiO=(*) SiO’(=*) A1“0> MgO CaO Fc=0» K«0 Na=0 ignition 

21*44 49*00 21*35 trace 0*23 0*61 0*84 0*68 7*08 = 100*23. 

A kaolin from Langenstriegis near Freiberg contains, according to A. Frenzel 
{Jahrb. /. Min. 1874, 675), 48*82 per cent. SiO^ 38*51 AF’O^, and 13*20 H^O 
( = 100*53). Under the microscope this kaolin appears to consist of crystalline 
granules. 

A plastic material from Collonges, near Fort TEcluse in the Department of Ain, 
differ! tig from kaolin by its smaller amount of silica and larger amount of water, has 
been analysed by Ador a. Killiet {N. Arch. ph. not. xlix. 242). By decomposition 
*with sodium carbonate it was found to contain 38*22 per cent. SiO-, and 35*40 APO® ; 
with strong hydrochloric acid it yielded 39*60 SiO'^^and 34*01 Al-O®. 

On the separation of kaolins by levigation, see Schloesing, p. 552 of this volume ; 
qIqo Jahresh. f. Chem. 1874, p. 1261. 

KAPOK. The kapok-tree {Enodendron anfrueUiosimi) of Java and the Indian 
Archipelago, bears a seed resembling, in many respects, that of the cotton-plant. 
Like cotton-seed, it is covered “with a wool, which, though less suited for spinning 
than cotton, has long been used in India and the Netherlands for filling bolsters, &c. 

The following analyses show the composition of a trial-cake made from this seed, 
as compared •with that made from seed of the cotton-plant : — 

Zapok cake Cotton cake 


Water 13*28 12*60 

Nitrogenous (albuminous) compounds . . , 26*34 20*62 

Fat 5*82 6*36 

Non-nitrogenous extractive matter . . . . 19*92 35*42 

Woody fibre 28*12 20*36 

Ash 6*52 5*64 


The ash of the seed contains 28*5 per cent phosphoric acid and 24*6 per cent, 
potash; it would, consequently, have about the same maniirial value as linseed 
(Keinders, Landw, VersuGhs-St. xix. 161). 
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KAIRARF VEIXTB. A mineral containing fluorine, from Kararfvet, near FaMnn 
m Sweden, formerly mistaken for gadolinite. Ifc occurs in light yellow to brown 
imperfect crystals and crystalline masses, sometimes weighing more than a kilogram, 
and associated with gadolinite and hjelmite. Sp. gr. 4*93. Analyses made with Tery 
impure material gave, as a mean result : 

Oxides of 

Ce, La, Di CaO Mg-O !Pe*0® P H®0 

67*40 1*24 trace 0*32 27*38 4*3d trace 100*69 

(F. Eadominski, Cornet rend. Isxviii. 764). 

KAURX GTTM. Syn. with Daivimajba Eesin (p. 625 ). 

KAXVA-BOOT. The root of Piper methysticum (iii. 455). E. Nolting a. A. 
Kopp {Monit. scient. [3], iv. 9, 20) have found, in the alcoholic extract of this root, 
besides kawain — which is not a glucoside — a body, likewise neutral and free from 
nitrogen, crystallising in prismatic needles, and like kawain yielding benzoic acid by 
oxidation. Kawain agrees in many of its properties with cubebin, but differs from it 
in the composJbion of its nitro-derivatiyes. 

According to Cuzent (Analyst, i. 150; Jahresh. f. Ckem. 1876, 894), kawain, 
karakin, or methysticin is insoluble in water, and is coloured red by hydrochloric 
acid, the colour changing to a splendid yellow on exposure to the air. Strong sulphuric 
acid colours kawain purple-violet, changing to green. 

Z!:BiiTZXrG>XXr. A mineral resembling Fowlerite (v. 107), occurring in a mass 
of yellow garnet at Franklin, New Jersey. The angles of its cleavage-prism measure 
64° and 116°. Sp.gr. =3*33. Composition: 

SxO= MnO ZnO CaO H=0 

47*8 27*7 5*6 18*0 0*8 = 99*9 

(0. U. Shephard, 8ill. Am. J. [3],xii. 231). 

H.Sn'Za'GOTTXTB. See Miaegteite. 

KBHAMOBAXiXTB. This hydrated aluminium sulphate, A1~(S0^)®,18H20, 
originally found near Konigsberg in Hungary (iii. 446), occurs also as a granular, 
crystalline, ochre-yellow efflorescence, on the clay-substance interposed between the 
lignite beds of the Bauersberg near Bischoffsheim, Ehon. The mineral from this 
latter locality gave by analysis 16*7 per cent. APO®, 4*2 Fe-0^ 2*9 FeO, 2*3 MgO, 
39*3 S03, and 33*3 H^O (=98*7) (A. Hilger, Jahrl.f, Min. 1877, 420). 

KBBOSXXr. See Peteolbum. 

KBBRXTS. A mineral accompanying corundum in the Oulsagee Mine, North 
Carolina. See Coeundtjm (p. 570). 

KBRSiLXa'TXTB and SLBBSAXTTOTC'. These names are applied to certain 
dioritic rocks occurring in granite and in the oldest sedimentary formations, in the 
Vosges and in the roadstead of Brest. 1. Kersantite from Visembach in the Vosges, 
where it forms an irregular vein in a gneiss-granite, consists for the most part of 70 
per cent, oligociase and 30 per cent, mica, sometimes together with hornblende, and 
is almost wholly crystalline. It lost by ignition 1*93 per cent., consisting essentially 
of water, carbon dioxide, and organic matter. 2. Kersantite from Sainte-Marie aux 
Mines, forming a vein in a syenite-granite, 'differs from tlie preceding by its less 
decided crystalline structure. Loss by ignition 1*70 per cent. 3. Kersantite (also 
called Kersanton) from Brest, is very much like the two preceding. It often has a 
granitic structure, and contains triclinic felspar exhibiting the usual twin-striation ; 
mica of a pinchbeck-brown, brown-black or black colour, and a magnesium-iron 
mica ; dark-green iron-spar, somewhat resembling hornblende ; white or red calcite, 
filling up the interstices between the felspar, and occurring also in veins. Kersanton 
includes in its mass iron pyrites and a large quantity of magnetic pyrites, microscopic 
grains of magnetic iron oxide, very rarely quartz, sometimes epidote in thin irregular 
veins. A green hydrated silicate of iron and magnesium (Chlorite ferrugineux) is 
likewise found, especially in the cavities. The loss by i^tion (chiefly GO-) was 
found in three specimens to be 4*49, 6*75, and 7*41 percent. The analysis of a 
Kersanton from Laoulas, commonly used for building in Brest, and effervescing 
strongly with acids, gave : 

SiO® AI=0“, FeO, MgO, Ka=0 Cr=0=* CaO CO\WO 

\ ,, > 

52*80 35*05 traces 5*40 6*75 = 100 

(Belesse, ’Bull. Geol [2], vh. 704; Jahresh. f. Chem. 1850, 802). 

4. Kersantite from Langenschwalhach, Nassau, has been analysed by E. Zicken- 
drath (Jahrh.f. Min. 1875, 753). Like the rocks above described, it is a mixture of 
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oligoclase and mica in varying proportions. Where the mica predominates, the rock 
appears compact, with the dark brownish- black colour of triclinic felspar ; the mass is 
coarse-grained and lighter in colour. The oligoclase has a reddish-white to pure 
white colour, and with a lens the twin-striation is perfectly distinct.^ The mica 
crystallises in the rhombic system, and has a brownish-black colour, which, however, 
appears brownish-yellow in thin laminae. Angite occurs nearly always in this rock, 
but generally partially decomposed, with the original form still recognisable. Mag- 
netite occurs in grains, apatite in colourless needles. Iron-pyrites is distributed in 
small crystals throughout the whole mass, which is also strongly impregnated with 
carbonates. Q-uartzis also observed, hut is difficult to recognise. Oligoclase, quartz, 
iron-pyrites, and carbonates occnr, sometimes in isolated crystals ; also a green 
mineral resembling melanolite. 

Amlym. — 1. Compact from Adolfseck, specific gravity = 2*75. 2. Coarse- 
grained from Heimhach, specific gravity = 2*86. 3. Oligoclase from the Heimbach 
rock, specific gravity -2*66. 4. Mica from the Adolfseck rock, specific gravity 2*92. 


SiO» AFO-’ FeO MnO MgO CaO Na'^O H=0 F Cm 

1. 54-94 7*69 9*58 4*37 1*53 3*03 5*11 4*03 2*47 1*49 0*22 4*32 0*91 = 99*79 

2. 53*16 7*96 9*24 4*77 1*23 3*05 6*64 3*06 2*97 1*77 0*04 4*08 1*20 = 99*17 

3. 63*40 20*87 trace — — trace 2*87 3*48 7*55 0*85 — — — =99*02 

4. 40*80 11*89 18*97 — — 11*94 3*68 10*63 — 0*55 1*05 — — =99*51 

From* these data Zickendrath calculates the mineral constitution of the rock as 
follows : 

Adolfseck Heimbach. 

Oligoclase 32*17 37*61 

Mica 27*10 15*88 

Iron-pyrites , .0*167 0*32 

Augitic pseudoinorphs ...... 10*09 14*10 

Apatite 1*98 2*02 

Magnetite 2*74 4*5 

Carbonates 9*82 9*52 

Qniirtz 18*74 14*67 


102*807 99*31 

KETOirXSS. 1. Fatty Ketones. Bye-products formed in the Preparation . — 
In the preparation of ketones by the action of acid chlorides on organo-zinc com- 
pounds according to the general equation, 2(E.CO.Cl) + ZnK*'^ = ZnCr“-t- 2(.R.CO.K), 
condensation-products are also formed by the fiuther action of the organo-zinc com- 
pounds on the ketones. Thus, for instance, mesityl oxide, C^H'^O = 2C**H®0 — is 
formed by the action of zinc-methyl on acetone : 

2C^H'^0 -f- ZnipWf = C«H'«0 + 2CH^ ZnO. 

In like manner propionyl chloride and zinc-methyl yield, besides methyl-ethyl ketone, 
C‘H^O, a body having the composition C«H^'0 = 20 ‘H®0 — IFO. This compound is a 
colourless liquid, insoluble in water, having a density of 0*877 at 0°, 0*862 at 18°, and 
boiling at 167°-168°. Similarly the compound, = 2C'*H*”0 — H-0, is formed 

by the action of zinc-methyl on isobutyryl chloride. It is a colourless liquid of 
peculiar odour, insoluble in water, boiling at 189°~191°. Sp. gr. 0*87 at 0° ; 0*855 
at 20°. It combines with hydrogen chloride to form a yellowish oily body (0’‘’H'‘'C10) 
haying the odour of turpentine ; and with hydrogen iodide to form a dark coloured 
crystalline body. ^ Lastly, a hyo-product having the formula is formed in the 

preparation of dimcthy 1-isobutyl earbinol by the action of zinc methyl on valeryl 
chloride. It is a colourless liquid, insoluble in water, boiling at 217°-219°. Sp. gr. 
0*864 at 0° ; 0*849 a,t 20°. Like the two preceding bodies, it combines with hydro- 
gen chloride and iodide. 

All these compounds combine with bromine, and may, therefore, he regarded as 
non-saturated ketones. Their chemical structure has not yet been made out (Paw- 
loff, Liebig’s Annalen, clxxxvii. 104). 

Oxidation. — An investigation by M. Hercz {Liebig’s Annale7i, clxxxvi. 257) of the 
action of various oxidising agents (potassium dichromate and sulphuric acid, chromic 
acid, potassium permanganate in neutral, acid, and alkaline solution, silver oxide and 
bromine, lead dioxide and nitric acid), on certain ketones of the fatty group (dimethyl- 
ketone, methyl-pppyl-ketone, bntyrone, caprone, and palniitone) has led to the 
following conclusions : 

(1). Popoff’s law (vi. 765 ; vii. 711), according to which the lower of the two 
alcohol-radicles in the ketone remains united with the carbonyl, and by taking up 
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an OH-group, is converted into a fatty acid, while the higher radicle is oxidised 
and forms a second fatty acid, — holds good for the ketones of normal fatty acids. 
(2). Whatever may be the oxidising agent used, and in whatever proportion to the 
ketone, a further oxidation of the primary products invariably takes place, resulting 
in the formation of less highly carbonised fatty acids, and ultimately of carbonic 
acid. (3). The oxidation is more difficult and less complete in proportion as the 
ketone is more highly carbonised. Palmitone, for example, is very difficult to oxidise, 
and yields but a small amount of normal products. 

Bimetbyl Ketone, Acetone, CO(CH^)®. Action of Potash (Heintz, lAehig's 
Annalen, clxix. 114). — When pure acetone is treated with potash-ley of sp. gr. 
1*25-1 '30, and then freed from the adhering alkaline liquid by a few drops of sulphuric 
acid, it is found to be altered in such a manner that it no longer distils completely 
at the heat of the water-bath, but leaves a considerable residue, which partly passes 
over at about 130°, as a very mobile liquid insoluble in water, partly at a tempera- 
ture above 200°. The latter and thicker portion is probably phorone ; the former, 
which after repeated fractionation boils between 130° and 132°, is probably a mixture 
of mesityl oxide with a more highly oxygenised body of similar boiling point. An 
impure commercial acetone, after treatment with potash as above, yielded, at about 
170°, a distillate which after purification boiled at 166°-168°, and had the percentage 
composition of acetone. This substance, which may be called Poly acetone, is probably 
analogous in constitution to the ‘ duplosulphacetone ’ described by Wislicenus 
(vii. 12). It is a colourless thin syrup, wholly soluble in water. Heintz supposes that 
it did not exist ready formed in the commercial acetone, but was formed by the action 
of the potash on some impurity contained therein. 

Bromacetones . — On Monobromacetone, see p. 22 of this volume. On Penta- 
bromacetone, the so-called Bromoxaform, see p. 351. 

ChloT acetones, — A.ccording to Theegarten (BerZ. Ber. vi. 897) unsymmetrical 
dichloracetone, CH^.CO.CHCP, prepared according to Mulder’s directions (vii. 14), 
has a density _of 1*326 at 0°, and forms crystalline compounds, with acid sulphites of 
alkali-metal. 

On the Polymerides of Dicliloracetone, see p. 24. 

Chlorobromaoetone, C^H'^OlBrO (probably CH-Cl,CO.CH-Br), is obtained by 
the action of hydrobromic acid on epichlorhydrin, and oxidation of the resulting 
chlorobromhydrin. On cooling the portion of the product which boils between 176° 
and 188° with ice, the chlorobromacetone separates in crystals which may be purified 
by recrystallisation from ether. Chlorobromacetone forms well-defined crystals 
melting at S4°-35'5°, boiling at 177°-180® sparingly soluble in water, easily in 
alcohol and in ether. It has an extremely pungent odour. With sodium-hydrogen 
sulphite it forms a compound which resembles the corresponding compound of 
symmetrical dichloracetone in all respects except its crystalline form (Theegarten, 
JOeiii. Chem. Gres. Ber. vi. 1276). 

Allyl-acetooie or Methyl-orotonyl C®H’“0 = CH^.OO.O'^H’ (p. 14), 

treated with sodium in an ethereal solution fioating on water, is converted into the 
alcohol which has a density of 1'842 at 16*2°, boils at 138°-139°, and yields 

with bromine an uncrystalli sable mass having the composition C^BC^'-^Br^O. The 
acetic ether boils at 14S°-149° (J. K. Crow, Che^n. News, xxxvi. 264). 

Metliyl-etliyl Ketone, C^H®0 = CH®.CO.C-H^ formed by the action of zinc- 
ethyl on acetyl chloride, is converted by the action of sodium in presence of strong 
potash-ley, into the 8-carbon pinacone or octylene glycol, . 


cm 

CO 

C^Hs 




(Lawrenowitsch, Ber. vii. 767). 

IWCetHyl-propyl Ketone, = CH^.CO.CH^CH^CHs (b. p. 99°-105°), is 

converted by sodium-amalgam and water into methyl-propyl-carbinol, C®H^^O = 
CH».CHOH.CH2CH2CH3, boiling at 118'5°-119'5° (corr.) (Belohoubek, Wien. Akad. 
Ber. [2 Abth.], Ixxiv. 80). 

IVCetbyl-isopropyl Ketone, CH3.0O.CH(CH^)-, (b. p. 93*5°), obtained by 
dry distillation of a mixture of equivalent quantities of isobutyrate and acetate of 
calcium, is a colourless liquid, of not unpleasant odour. Sp. gr. 0*811 at 15°. It 
forms a crystalline compound with sodium-hydrogen sulphite, but does not redxice an 
ammoniacal silver solution. By oxidising agents it is converted into acetic and 
carbonic acids ; by nascent hydrogen into a secondary pentyl alcohol (E. Miinch, Ber. 
vii. 13*70). Erankland a. Buppa obtained the same ketone by the action of boiling 
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potash-ley on ethylic acetoclimethylacetate (Wanklyn’s isobiityrate of acetylinated 
ethyl, Ti. 768). 

ChlormethyhisopTopyl Ketone^ C^H^’CIO — CH-Ol.CO.CH(CH^)®, (inappropriately 
called Chlorinated Methylmbidyl This compound, formed by the action of 

chromyl chloride, CrO^Cl-, on petroleum pentane and on inactive amyl chloride, is a 
colourless liquid having a pungent aromatic odour and boiling -without decomposition 
at about 120^. It is insoluble in water and in aqueous potash; reduces _ ammoniacal 
silver solution ; does not unite with bisulphites (Etard, Coinjyt. rend. Ixxxiv. 127). 

A compound, C®H^*010, probably homologous with the preceding, is formed in 
like manner from hexane. It easily reduces an ammoniacal silver solution, do('s not 
unite with NaHSO®, and is not attacked by potash. A similar body is also formed 
from heptane (Etard). 

2WCetliyl-l»iityl Ketone, = CH®.CO.(CB[-)^CH^ is formed by oxidation 

of the secondary hexyl alcohol, (CH^.CHOH.O^H®), obtained from petroleum hexane 
(p. 1030). It has a specific gravity of 0'829 at 0®, boils at 127°, and is converted 
by oxidation into acetic and normal butyric acids (Schorlemmer, Mehig'‘s Annalen^ 
cixi. 263). 

AXethyl-isobutyl Ketone, CH^.CO.CH^CHCCH^)®, formed by the action of 
zinc-methyl on valeryl chloride, has a sp. gr. of 0-819 at 0°, boils at 114:° and is 
converted by oxidation into acetic and isobutyric acids. 

ZVKetbyl-katabu-tyl Ketone or Pinacolin, CH®.CO.O(CH3)*, is formed by the 
action of zinc-methyl on trimethyl-acetyl chloride. As thus prepared it has the same 
peppermint odour as pinacolin prepared by dehydration of acetone (iv. 617) and agrees 
very closely with the latter in boiling point and density, as shown by the following 
numbers. 

Synthetical Pinacolin Pinacolin from Acetone 


Boiling point 105-5-106-6° 105° 

Sp, gr. at 0° 0-830 0-823 

„ „ 50° 0*791 0*787 

Expansion for 1® between 0° and 50° 0*00122 0*00117 


Both unite with sodium-hydrogen sulphite, and are converted by oxidation into 
trimethylacetic acid (Butlerow, Liebig's AnnaUoi, clxxiv. 125). 

Homologues of Linacolin. — Three of these bodies have been prepared syn- 
thetically by Wischnegradsky clxxviii. 103) by processes similar 

to that just mentioned for the preparation of pinacolin itself, viz. by the action of 
trimethyl-acetyl chloride on zinc-ethyl, and of oLhyl-dimethyl-aci^.tyl chloride, 
C(C!H^y(C2H®).CO.Cl, on zinc-methyl and zinc-ethyl respectively. The composition 
and principal properties of the three products are given in the following table : 


Ethyl-butyl Pinacolin Methyl-amyl Pinacolin Elh-yl-amyl Pinacolin 


Boiling point . . 125*5® to 126° 

Sp. gr. at 0° . . 0-831 

„ „ 21° . . 0*810 

Expansion eoeificient 
from 0° to 21° . 0*00109 

Product of Oxidation Trimethyl- 

acetic acid. 


131*5° to 132*5° 
0-842 
0-825 


150-5° to 151-5 
0-845 
0-829 


0-00102 


0-00098 


Ethyl-dimethyl-acetic acid. 


Hence it appears that in the oxidation of these bodies the carbonyl remains attached 
to the tertiary radicle, which therefore behaves in those reactions like a radicle of the 
aromatic group. 

Bipropyl Ketone or Butyrone, = C^H^.CO.C^H^ is almost the sole 

product of the dry distillatiou of normal calcium butyrate. It boils at 14S°~145°, 
yields with phosphorus pentachloride the bodies (b. p. 181°) and C^H'^Cl 

(b. p. 141°), and is converted by phosphoric anhydride into a liquid of variable boiling 
point. The portion which distils between 200° and 250° has the composition 
and probably consists of polymerides (Tawildarow, DeiLt. Chem, Ges. Ber, ix. 1442). 

Bl-lsopropyl Ketone, CH(CH^)^.CO.CH(CH3)^ prepared by dry distillation 
of calcium isobutyrate, and purified by repeated fractional distillation, is a colourless 
mobile liquid, having a strong ethereal camphorous odour, nearly insoluble in water, 
but dissolving in all proportions in alcohol and ether. Sp. gr. =0 8254 at 17° 
Boiling point 124°~125°. It does not unite with acid sulphites of alkali-metal, but 
reduces an ammoniacal silver solution. By oxidation it yields isobutyric, acetic and 
carbonic acids, and by reduction (with sodium in a benzene solution of the ketone 
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floating on water), a secondary heptyl alcohol, together with oily products of high 
boiling point (Popoff, Beut, Ghem, Ges. JBer, vi. 1255 ; R. Miineh, ibid, vii. 1370). 

Palmitone or Blpentadecyl Ketone, This 

ketone, subjected in the fused state to the action of bromine, is converted into a 
yellowish oil, which after purification solidifies in a freezing mixture and melts at 
5*5°. Its analysis gave results which might be represented either by tbe formula 
(tribromopalmitone hydrobromide), or by C^^H®’Br®0 (dibromopalmitone 
hydrobromide). The latter is perhaps the more probable, as, under similar conditions, 
a body was once obtained which crystallised from ether in white laminae containing 
an amount of bromine which agreed with the formula of dibromopalmitone (Hercz, 
Liebig's Amalejif clxxxvi. 257). 

On the Oxidation of Falmitone, see p. 1147. 

Suberone, The constitution of this body, hitherto somewhat doubtM 

(v. 450), has been determined by Schorlemmer and R. S. Dale {Ghem, Soo. J. xxvii. 
935), The cmde product of the distillation of suberic acid with lime yields on 
fractionation, first a small quantity of hexane, and then a distillate from which pure 
suberone is easily separated by fractional distillation, a tarry mass remaining behind. 

Suberone is a colourless liquid having a pungent odour, like that of peppermint, 
and boiling at 179°-181° (mercury-column wholly in the vapour). By strong nitric 
acid it is oxidised to a-pimelic acid( 2 '. -y.) Regarding suberic acid as a normal 
compound, i.e, as having ail its carbon-atoms in a single chain, the formation and con- 
stitution of suberone and a-pimelic acid may be represented by the following equations : 


omcmcmcooH 


mcmcm.cooK 

Suberic acid. 

1 ,J>co 


CW.CBP.CKK 

00^ + H^O + I >CO 

CH2.OH-.CH2/ 
Suberone. 

CH2.CH2.CO.OH 


+ = I 

CH2 0H2.CH2^ CH2 0H2.0H2C00H 

Suberone. a-Pimelic acid. 

n, Abomatic Ketones. Formation , — 1. By heating aromatic hydrocarbons 
with mixtures of benzoic acid and its homologues, or the corresponding anhydrides, 
and phosphoric anhydride, e.g, 

(C«H5.C0)20 = H^O + 2(C«HS)2CO 

Benzoic Benzene. Dipbenyl 

anhydride. ketone. 

(Kollarits a. Merz, Lent, Ghem. Ges. Ber. vi. 446, 536). 

2. By heating aromatic hydrocarbons with acid chlorides, in presence of finely 
divided zinc (Gmcarevic a. Merz, ibid. 60, 966, 1238), e.g, 

C«H».CO.Cl + C^H^H 4- Zn' = C’H’^.OO.C^H® + Zn'Cl + H 

Benzoyl Toluene. Tolyl-phenyl 

chloride. ketone. 

3. By the action of aluminium chloride on a mixture of an acid chloride and a 
hydrocarbon (Friedel, Crafts a. Ador, Compt. rend. Ixxxv. 672), e.g. 

C«H5.CO.Cl + C«H=H = HCl + C^H^.CO.O^H® ; 

also by the action of carbonyl chloride on a hydrocarbon in pres^ce of du^ium 
chloride, an acid chloride being first formed {e.g. C®H® + COC12=HGl+ C H .00.01), 
which then reacts with the hydrocarbon and the aluminium chloride as above. 

Phienyl-metliyl Ketone or Acetopbenone, C®H®O = C®H®.C0.0H*.* This 
compound, treated with sodium^amalgam, yields : (1). The finacone of acetojphenone, 

^ C«H^C(OH).OH« . , , . , 

or nhenvl-methvl qhjcol, 1 . wliich separates from dilute ethyl alcohol 

^ ^ C«H^C(OH).OH3 ^ ^ 

in spicular crystals, and from the secondary alcohol formed at the same time, in 
crystals belonging to the quadratic system. (2). FhenyVmepiyl GarhM, Semndary 
Mhyl-benzene Alcohol, oi Secondary A^etophenonic 0®H .CHOH.CH, con- 

tained in the portion of the crude product which passes over between 190 and 210 . 
This last compound is a colourless, strongly refracting, frtid liqum, haying a density 
of 1*013, and boiling at 202®-203° (Emmerling and Engler, Ber. yi. 1005). See 
Phenyl Alcohols. 

On the action of dry ammonia and phosphoric anhydride on acetophenone, 
whereby tnphercyUenzene, and the so-called acetophenomne, 

C2®sH or C^»H®‘*N2 ^re produced, see vii. 940. . 

When acetophenone (20 grams) is heated to 130°--150 with hydnodic actd 
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(10-] 6 grams) md phosphorus (1‘8 grams), for eiglit to ten hours, part of the phosphorus 
remains unattached, and the chief product of the reaction is an oxygenised body, 
which may be obtained pure by re crystallising the portion of the product 
which distils over at 300 °- 340 °, after freeing it from iodine and phosphorus. This 
compound crystallises in white laminae or transparent colourless plates, melts at 70 °, 
and boils at 340 °~ 345 ° (mercury column wholly in the vapour) ; it is insoluble in 
water, but dissolves very easily in ether, carbon sulphide, benzeiio, and hot alcohol, 
less easily in cold alcohol. Its formation is represented by the equation : 

2(C‘>H^CO.CH=^) + 2HI = + H”0 + I". 

It is related to acetophenone in the same manner as pinacolin to acetone, but its con- 
stitution is probably not analogous to that of pinacolin, but rather that which is 

C^JEE^ 

represented by the formula C®H^.CO.CH-.OH<^Qjg|- 3 , according to which it may be 
supposed to be produced by hydrogenation of a previously formed condensation pro- 
duct, By further hydrogenation it is converted into 

diphenyl-dimethyle thane, 1 , which is also produced directly by 

GsH^CH.OH« 

heating acetophenone with hydriodic acid and phosphorus; and by the action of 
sodium on phenylmethyl-carbinyl bromide, C‘*H^.CHBr.CH^, or the corresponding 
chloride (Graebe, Deut. Chmi. Ges. Ber. vii. 1623). 


StihsiUutioh-denvaUvos of Acetophenone. 

Acetophenone can yield two series of substitution-derivatives, according as the 
substituted radicle enters into the phenyl or the methyl group. There is groat 
confusion in the nomenclature of these derivatives, but they are host designated by 
names which indicate directly the positions of the substituted radicles, e,g, 
C«H'‘Cl.CO.CH3 C«IP.OO.OTCl. 

Cliloropheayl-metbyl Ketone Plicnyl-cliloroincthyl Ketone 

or Acetocblorophenone. or Chloracetophenono. 

Brominated Acetophenones (Emmerling a. Engler, Bcr. iv. 148; Hum 
nius, ibid, x. 2006). — According to Emmerling a. Engler, two modifications of this 
compound are formed simultaneously by the action of 2 atoms of bromine on 1 mol. 
acetophenone at ordinary temperatures ; and, on treating the product with dilute 
alcohol, acetobromophenone, C“H‘‘Br.CO.CH^ is dissolved, while bromaceto- 
phen one, C®H®.CO.CH"Br, remains in the form of a syrupy mass, which solidifies 
only after a considerable time. Acetobromophenone separates from solution in dihite 
alcohol hy slow evaporation in colourless laminar crystals melting at 50°. It has a 
pungent odour, and exerts a violent irritating action on the eyes. It dissolves 
easily in alcohol and ether, hut is insoluble in water, which moreover does not attach 
it sensibly even at the boiling heat. By oxidation with chromic acid mixture it is 
converted into bromobenzoie acid, whereas hromacetophonone, C‘H'\ CO. CH'^Br, yields, 
hy oxidation with the samo reagent, bromine and benzoic acid. 

Hunnius, on the other hand, by dropping 1 mol. bromine into a solution of 1 mol. 
acetophenone in carbon sulphide, obtained nothing hut hromacotophenone (which 
he designates as acetophenone bromide)^ exhibiting the crystalline form, molting point, 
and solubility ascribed by Emmerling and Engler to acetobromophenone, but con- 
verted by oxidation with permanganate into benzoic acid. 

Bromacetonitrophenone or Nitrophenyl-bromomethyl Ketone, C®H'‘NO“.CO.CH“Br, is 
obtained by slowly adding bromacetophenone to fuming nitric acid in a cooled vessel ; 
when separated by water, washed with sodium carbonate, and crystallised from dilute 
alcohol, it forms small needles melting at 96°, soluble in alcohol, chloroform, and 
carbon sulphide, very slightly soluble in ether, insoluble in water. By oxidation it 
yields metanitrobenzoic acid ; by reduction with tin and hydrochloric acid it is con- 
verted into acetamidophenone or amidophenyl-methyl ketone, the hydro- 
chloride of which, C'^^NH^.CO.CIi^jHOl, forms easily soluble colourless needles, 
turning brown on exposure to air and light. 

Bromacetophenone treated with potassium acetate and ethyl alcohol, or with 
silver benzoate and toluene, yields the compounds C®H^.CO.CH^(OC'^H^O) and 
C®H“.CO.CH^(OC^H‘^0), which are respectively the acetic and benzoic ethers of ben- 
zoyl earbinol, or primary acetopheuonic alcohol, C'H^.CO.CH^OH (Hunnius). See 
PsEisrsx Axcohols. 
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Dibromaoeto^lienone or Vhenyl-Aihromomethyl Ketone, C®H^.CO.GHBr^ obtained 
similarly to the monobrominated compound, "VTith 2 mols. bromine to 1 mol. aceto- 
phenone, melts at 36°, is insoluble in -yrater, but dissolves in almost all other, solvents, 
and crystallises with great facility. !By potassium permanganate it is converted into 
benzoic acid ; by solution of sodium carbonate, apparently into benzoyl-formic acid, 
C^H^.CO.COOH. "With alcohol and potassium acetate it yields an oil which solidifies 
in a vacuum, and probably consists of the ether, 

PJieny I -chloT acetyl Ketone, Ghloraceto^henone, or Chloracetyl- 
henzene, C®H^.CO.CH'CL — To prepare this compound, chlorine is passed into 
the vapour of boiling acetophenone in quantity equal to that which can be evolved by 
the use of a quantity of manganese dioside equal in weight to the acetophenone ; the 
product is then distilled, and the liquid which passes over below 200° is again sub- 
jected to the same treatment. The crude product is best purified by crystallising it 
in a freezing mixture and drawing away the portion which liquefies at ordinary tem- 
peratures. 

Pure chloracetophenone is colourless, permanent in the air, very soluble in alcohol, 
ether, and benlene, insoluble in water. It melts at 58°-59°, and boils without de- 
composition at 244°-245^ (uncorr.) It has a pleasant aromatic taste, but its vapour 
excites a flow of tears. From the fused state as well as from its alcoholic solution, it 
separates in large well-defined crystals. The crystals separated from alcoholic 
solution were found by Friedlander to belong to ■yie orthorhombic system. Axes 
al h \ c* 0-9957 • 1 * 0*2135. Observed forms coPoo, _a>P, Poo, 2poo. Tabular 
development parallel to a. Angle ooP : ooP = 89°46'; Poo : Pco =24° 12'. Plane 
of optic axes the brachypinacoid cof oo . Axis a the first median line. Angle of 
optic axes in oil about 74° (Staedel). 

Action of Ammonia . — ^When chloracetophenone is boiled with aqueous ammonia 
for about an hour, or heated with it in a sealed tube to 140°-150°, it is converted 
into a deep-red liquid which solidifies on cooling, while the whole of the chlorine 
remains as sal-ammoniac in the aqueous solution. From this red product two com- 
pounds may be isolated by means of ether, one remaining undissolved when the crude 
product is heated with ether for a short time, the other separating slowly from the 
red ethereal solution. The former, which is produced in small quantity only, is an 
isomeride of indole, C^H^N (Staedel a. Eugheimer, Ber. ix. 563, 798, 1758). For 
the properties of this iso-indole, see p. 1089. Staedel {ibid. x. 1830) points out 
that of the three following formulae by which it might be represented, supposing its 
molecular weight to be the same as that of indole, viz. 

< CH .CW 

I , G«H5.C< I 

EH \E 

the last seems to be the most probable, on account of the stability of iso-indole 
towards acetic acid at 150°, acetic anhydride at 130°-140°, acetyl chloride at 120°, 
and ethyl iodide at 100°, also (which, affords an argument against the double carbon- 
linking) towards fuming hydrobromic acid at 1S0°-140°, fused potash, and faintly- 
glowing quicklime. 

The second product of the action of ammonia on chloraeetyl-benzene is formed 
most abundantly when alcoholic ammonia is used. It is free from nitrogen ; crystal- 
lises in long prisms or needles ; isynsoluble in water, alcohol, ether, benzene, carbon 
sulphide and acetone ; and melts at 89°. It dissolves in strong hydrochloric acid, 
and is reprecipitated by water. 

When dry ammonia gas is passed at intervals of ten to twelve hours through a 
cooled ethereal solution of chloracetophenone till the liquid is saturated, crystals of 
sal-ammoniac separate abundantly after five or six days, and the product contains, 
besides these and a trace of red resinous substance, two isomeric bodies having the 
formula G'®H^^O-Cl. One of those bodies is moderately soluble in alcohol and ether, 
and crystallises therefrom in stellate or moss-like groups of needles; it melts at 117^, 
sublimes undeeomposed and is easily oxidised to benzoic acid. The other isomeride 
is less soluble in alcohol and ether, crystallises in isolated prisms, melts at 155°, 
sublimes undecomposed, and is less easily oxidised than the preceding. The forma- 
tion of the two bodies is represented by the equation : 

2(C«Hs CO.CH^Cl) = HCl -f- 
(Staedel a, Eugheimer). 

Fhexietlienyl-metliyl 3Cetone or Acetocinnamone, G’°H^°0 = 
0®H®.GH— CH.GO.GH® (Engler a. Leist, Berl. Ber. vi. 254). This ketone 
is prepared by the dry distillation of a mixture of the calcium cinnamate and acetate. 
On fractionating the first portions of the oily distillate (35 per cent, of the calcium 
cinnamate) the acetocinnamone passes over between 220° and 270°. It is a fragrant 
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liquid having a density of 1*008 and boiling at 240°-241® ; unites with bisulphites, 
forming crystalline compounds, from which it is separated in the pure state by 
sulphuric acid ; gives by nitration and subsequent oxidation, para- and meta-nitro- 
benzoie acids, and is converted by nascent hydrogen into pheuethyl-methyl carbinol, 
C*®H'‘‘O = 0®H®.CH^.OH2.CH(OH).GH^ (also called pseudohutyl-heusene alcohol), which 
melts at 68°, and is metameric with thymol, cymophenol and cymyl alcohol. 

The portions of the distillate obtained l3y heating the mixture of calcium acetate 
and cinnamate, which boil below 220°, contain benzene, toluene, a hydrocarbon 
having the composition G^W or and cinnamene ; the portions collected between 

290° and 330° contain a hydrocarbon C”H" melting at 117° (probably a polycinna- 
mene) which gradually separates from the distillate in plates. The portion which 
goes over above 330'’ contains a body, (perhaps the acetocinnamic analogue 

of mesityl oxide). The true ketone of cinnamic acid was not found in either of these 
distillates ; neither was it obtained by distilling calcium cinnamate alone— a process 
which yields a large quantity of a compound apparently consisting of a polycinnamene. 

The following methods of preparing acetocinnamone were also tested by Engler a. 
Leist (Deut. Chem. Qes, Ber, vi. 257). The sodium-derivative of cinnamic aldehyde 
was heated with methyl iodide to 120°-130° for twenty-four hours and then dis- 
tilled. The portion which passed over between 240° and 245° contained acetocinna- 
mone, but only to the amount of 5 per cent, of the cinnamic aldehyde. Cinnamic 
aldehyde and methyl alcohol in equal numbers of molecules, boiled for a day with 
excess of zinc chloride, yielded a product containing acetocinnamone, but again only 
in very small quantity. The use of phosphoric anhydride also did not yield a favour- 
ahle result. 

Phenyl-ethyl Ketone or Propiophenone, (Th. B. 

Barry, Ber. vi. 1006; Imii-gural Dissertation, Halle, 1874). This compound, 
prepared hy distilling a mixture of calcium benzoate and propionate, boils at 210° 
and has a density of TOl at 22*5°. It docs not unite with sodium bisulphite. 
Sodium-amalgam converts it into phenyl-ethyl carbinol, boil- 

ing at 21 0°-2 11° ; the pinacone of propiophenone is probably formed at the same time. 

JSfitroj>ropiojoheno7ie, C**H‘‘(HO-).CO.C“H^, is formed in two modifications, crystalline 
and syrupy, according to the manner in which the nitration is effected. The crystal- 
lised modification is but slightly soluble in ether, alcohol, and benzene, nearly insoluble 
in water, melts at 100° and solidifies at 95°. By reduction it is converted into 
amidopropiophenone, which is syrupy in the free state, but yields a cry stalli sable 
hydrochloride, and a platino-chloride which forms granular crystals having the com- 
position [CfiHXNH2).00.C2H5.H01]TtCl'‘. 

Phenyl-propyl Ketone or Sntyrophenone, » C®H®.CO.C“H^ 

(Popoff, Ber. vi. 660; Schmidt a. Pieberg, ibid. 498). This ketone, prepared hy 
distilling a mixture of calcium benzoate and butyrate, is an aromatic liquid having 
a density of 0'992 at 16°, and boiling at 218°-221° (Popoff ) ; density 0*090 at 15° ; 
h. p. 220°-222° (S. and P.) It does not unite with sodium bisulphite ; yields by 
oxidation benzoic and propionic acids (Popoff ; S. and F.) When subjected to the 
regulated action of nitric acid, it yields nitro-derivatives ; when the action is more 
violent, the product consists almost wholly of benzoic and nitrobenzoic acids. The 
ketone treated in alcoholic solution with sodium-amalgam is converted into the 
pinacone, (0®H®.CH.C^H^)"0^ — ^which is a solid body molting at 64° — and a liquid 
probably containing phenyl-pseudobutyl carbinol. With bro77mie a liquid hromo- 
compound is obtained which distils with vapour of water (Schmidt a. Pieborg). 

Fhenyhisop'opyl Ketone, C®H®.OO.CH(CH^)^ obtained in like manner with calcium 
isobutyrate and benzoate, boils at 209°--2l7°, and yields by oxidation, benzoic, acetic, 
and carbonic acids (Popoff, ibid. 1255). 

Biphenyl Ketone or Benzophenone, = is produced 

in abundance by heating a mixture of benzoic anhydride and benzene with phosphoric 
anhydride to 200° : 

(C«Hs.C0)20 + 2C«H^H = mo + 2CO(C«H")^ 

Pyrophosphoric acid may also be used as the dehydrating agent, hut not boric 
anhydride, or dry hydrogen chloride (Kollarits a. Merz, Ber. vi. 446). The quantity 
obtained by heating benzene with benzoyl chloride in contact with zinc is but small 
(Grrucarevie a. Merz, ibid. 60). 

Biphenyl ketone heated with hydriodic acid and amorjohous phosphorus is converted 
into diphenyl-methane, 0H2(C®H®)^ and with zinc-dust into diphenyl-methane, 
tetraphenyl-ethane and tetraphenyl-ethylene (pp. 682, 683). By fusion with potassmm 
hydroxide it is almost wholly converted into benzoic acid (Stadel, Ber. vi. 178) ; by 
heating with alcoholic potash into diphenyl carbinol (Zagumeny, p. 682). Heated 
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with fuming suljphmo acid, it yields benzophenone-sulphonie acid, C0(G®H^S03H)^ 
and a body having the composition (p. 682). 

Chlordipheiiyl Ketone or QhlorohenzoyTienone, C®H^OLGO.G®H^ is ob- 
tained, by heating chlorobenzene with benzoic anhydride and phosphoric anhydride, 
as an oily liquid which boils above 300°, solidifies quickly on cooling, and when re- 
crystallised forms broad shining needles, which melt at 75*5 to 76°, dissolve with 
moderate facility in cold alcohol, sparingly in cold ligroi'n, easily in hot alcohol and 
ether (G-rucarevic a. Merz). 

Bromodiyhenyl Ketone, G®H‘‘Br.OO.C®B[®, obtained in like manner from 
bromobenzene, is crystalline, melts at 81*5° and distils without decomposition 
(Grucarevic a. Merz). 

Attempts to prepare cyanodi'phenyl hetone by similar means led only to the pro- 
duction of a polymeric cyanobenzene, agreeing in its properties with the so-called 
eyayhenine (iii. 449), which may also be obtained, without the aid of benzoic acid, by 
heating cyanobenzene to 200° with phosphoric anhydride. 

Dinitfob^nsopheoione, — Benzophenone is not attacked by nitric 

acid of sp. gr. 1*4, and only imperfectly nitrated by fuming nitric acid at ordinary 
temperatures ; but on heating it to 60° for ^ to 1|- hours with acid of sp. gr. 1*5 to 
1*54, it is almost wholly converted into dinitro-compounds. By precipitating the 
product with water, washing, and crystallising it from glacial acetic acid, needles 
were first obtained melting at 189°-190°; afterwards (in larger quantity) laminse, 
which when recrystallised from benzene or toluene yielded large plates melting 
at 148°-149°. Both these products had the composition of dinitrobenzophenone. 
The toluene mother-liquor moreover deposited small prisms melting at 118°--120° 
which were not analysed (? Doer’s isodinitrobenzophenone, vii. 639). Both the 
above products (m. p. 189°- 190° and 148°-149°) were likewise obtained when a 
substance melting at 127°-1 29°, which was obtained by nitration of benzophenone 
and crystallisation from alcohol, was recrystallised from glacial acetic acid ; they are 
also readily produced by nitration of diphenyl carbinol or benzhydrol (iv. 478). The 
needles melting at 189°-190° were likewise obtained from diphenylmethane (Pratorius, 
Ber. X, 1855). 

Biamidohenzojphenone, C^^H®(NH2)-0, is the compound, formerly called 
Flavine, which Chancel a. Laurent obtained by reducing dinitrobenzophenone with 
ammonium sulphide (ii. 656) ; it is more readily obtained by treating the dinitro- 
compound with tin and hydrochloric acid. It crystallises from hot water in slender 
yellow needles, melting at 165°. The hydrochloride forms small tablets; the stan- 
nosochloride, C^^H®(NH-)20,2R01,2SnCr% crystallises in plates ; the aoetyl-derivafive 
C*^H®(]SrH.C“iI^O)20, in colourless needles melting at 226’5° (Staedel, Ber, xi. 
744). 

Teiramethyl-diamidohenzojphe'none, C’®H®pT(CH®)“]-0 or CO[C°H‘‘N(CH®)2]3, is the 
chief product of the action of carbonyl chloride on dimethylaniline in sealed tubes at 
about 120° ; its formation is represented by the equation : 

COOP -t 2C°H"N(OH3)2 = 2HC1 + CO[C®H-’N(CH3)2]2. 

The crude product is a dark grey crystal-pulp saturated with a blue colouring matter 
which produces a dark blue stain on avooI and on the skin. The excess of dimethyl- 
aniline is removed by boiling with water, and the undissolved residue is washed on a 
filter and then treated with hydrochloric acid, which leaves a portion still undissolved. 
The hydrochloric acid solution gives with soda-ley a precipitate of tetramethyi- 
diamidobenzophenone. This compound possesses basic properties, dissolves 
readily in alcohol and ether, and crystallises from alcohol in yellow laminsa melting 
at 179° (uncor.) Its solution in hydrochloric acid gives with alcoholic platinic chlo- 
ride small gold-yellow laminse of the platinochloride, CO[C®H‘‘N(CH®)-']-,2HCl,PtCP 
(W. Miehler, Ber. ix. 716). 

The portion of the crude product of the above reaction which is insoluble in 
hydrochloric acid,' consists of hexmethyl - diamidobenzoyi- benzene, 
C®H^K(CH^)^[CO.G‘*P[^N(OH®)“]^ which is neither acid nor basic, and forms lemon- 
yellow monoclinic crystals melting at 122° (p. 1032). 

The conditions under which one or the other of these bodies is more especially 
produced have been examined by Miehler a. Dupertuis {Ber. ix. 1879). Por the 
preparation of tetramethyldiamidohenzophenone, carbonyl chloride is passed into 
dimethylaniline at ordinary temperatures till the increase of weight equals the amount 
required by calculation ; to obtain hexmethyltriamidobenzoylbenzene, on the other 
hand, the gas is passed into boiling dimethylaniline as long as it continues to be 
absorbed. When an alcoholic solution of tetramethyldiamidohenzophenone is boiled 
for a few hours with sodium-amalgam, the liquid evaporated to dryness, and the 
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residue cashed with water and crystallised from ether, small colonrleas crystals are 
obtained melting at 96°, and possessing basic properties (probably the corresponding 
benzhydrol). They dissolve readily in ether and alcohol, and in the latter, as well as 
in glacial acetic acid, with a deep blue colour, which disappears on addition of an 
alkali. 

When dimethylaniline and benzoyl chloride are heated together in a sealed tube to 
lo0°-180°, or boiled for several hours in a flask with reversed condenser, a thick 
crystalline mass is obtained ; and on washing this mass with water, dissolving the 
oily layer in ether, drying it over calcium chloride; distilling — whereupon the 
greater portion passes over above 300° — and leaving it for a few days over sulphuric 
acid, the whole solidifies to a beautiful crystalline mass consisting of dimethyl- 
amido-dibenzoylbenzene, C®H‘N(CH^)-(CO.C"I-P)“. This compound melts at 
65®, and dissolves readily in alcohol and ether (Michler a. Dupertiiis). 

Tetrethyl-duLmidohenzophc^ione^ is obtained, together with 

hesethyl-triamidobenzoylbenzene (p. 1031), by saturating diethylaniline with carbonyl 
chloride,^ then adding half the original volume of diethylaniline, a^d heating the 
mixture in a sealed tube to 120°. The two bodies are separated in the same manner 
as the corresponding methyl-compounds. 

Tetrethyl-diamidobenzopheiione forms small laminae melting at 95°-96°. Its 
hydrochloride forms with platinic chloride a double salt, 00[C“H‘*N(C“H^)“]-,2HCl,PtCP, 
of a fine yellow colour (Michler a. Gradman, Ber. ix. 1912). 

Action of Ammonia and Amines on Bcnzojyhenonic Chloride (Pauly, Liebig’s 
Annalen, clxxxvii. 198). — Benzophenone itself is not attacked by ammonia, or by 
aniline or its methylated derivatives, but these bodies act readily on the chloride 
C«H5.CCP.C«m 

1. Alcoholic ammonia does not act on benzophenone oven at 180°-200°, but it 
acts energetically on tho chloride (as formerly observed by Belir, Ber, iii. 791), 
producing benzophenone, sal-ammoniac, and perhaps also eihylaraino hydrochloride, 
but not any ammonia-derivative of benzophenone. Tho chloride is not attiicked by 
ammonia in ethereal solution, or (contrary to Behr’s statement) by dry ammonia*gas. 

_ 2. Action of Aniline . — ^When 1 mol. bonzopheiionic chloride is added to 4 mols. 
aniline in a cooled vessel, the mixture solidifies to a crystalline mass ; and on treating 
this ipass with water and ether, aniline hydrochloride dissolves in the water, while 
the ether takes up diphenylmethylene-aniline, C’^IPN ” (0‘'HW=:NC‘*H® 
(see Phenvlamines), 

Dimethylaniline acts on bonzophenonic chloride only with tho aid of heat, yielding 
as final product a dark-red syrupy liquid which yields to ether a base having the 
composition Dipheny 1-methylene-toluidino, (OTP)"CrrN.OTP and 

diphenyl-methylene-naphthylamine, (p‘*■H'‘)-C=:N.C“>H^ are produced simi- 
larly to diphenyl-methylene-aniline, by treating benzophononic chloride with para- 
toluidine and naphthyl amine respectively. See Phenylam/nes. 

Tolyl-phenyl Ketones, OTI‘«(CH3).CO.C°IP. Two of these compounds are 
known, one solid and the other liquid. Tlie solid modification is 7;flratolyl-phonyl 
ketone, having the methyl of the group C«H‘(CH3) in the para-posifcion with respect to 
the CO-group, inasmuch as it is resolved by heating with soda-lime into benzene and 
para-toluic acid : 


Cm\QK^).GO.G^B.^ + HOH = C'‘H« -t C«H4(CH3).CO-H. 

The liquid ketone appears to be a mixture of the a- and m- modifications (see Ben- 
ZOYL-BEKZOIC ACID, p. 309), 

Zincke, by oxidising benzyl-toluene, C«H“(CH0.CH2(O»H^), with chromic acid, 
obtained a mixture of tolyl-phonyl ketone and benzoyl-benzoic acid (resulting from 
further oxidation) ; and on dissolving out this acid with caustic soda, and purifying 
the residue by solution in hydrochloric acid, agitation with ether, fractional distilla- 
tion, &c., toly 1-phenyl ketone was obtained in the form of an oily liquid, which became 
viscid at low temperatures, but did not solidify (vii. 177). 

Kollayits a. Merz {Ber. vi. 446), by heating hsnzoie acid with toluene and 
phosphoric anhydride (p. 149), obtained the ketone in the form of a liquid which 
sohdihed after standing for some months, or more quickly on the introduction of a 
crystal. According to Thorner {Lietng’s Annden, clx.'ixix. 83) tho best proportions 
lor the preparation of the solid ketone are 3 parts benzoic acid, 4 toluene, 4 phos- 
phorus pentoxide. and 4 sand, the mixture being heated in sealed tubes for eio'ht or 

V^odxict to fractional distillation, the 
fraction 300 -305 solidified immediately in the crystalline form, and was easily 
obtained pure by recrystailisation from ether-alcohol. By this process 1000 
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^ams of benzoic acid yielded 330 of pure paratolyl-phenyl ketone and 402 of the 
liquid compound still containing some of tbe solid. 

Paratolyl-phenyl ketone crystallises in thick colourless prisms, melts at 
56‘5°-57'^, dissolves sparingly in cold ligroi'n, with moderate facility in cold alcohol, 
easily in ether and in benzene. After fusion it often remains fluid for a long time 
and easily forms supersaturated solutions (KoHarits a. Merz). 

Chlorinated Derivatives. — Parotolyl-phenyl ketone heated with phosphorus 
appears to be converted into the corresponding ketonic chloride, 
C’'H^.CCP.C®H^ ; but this compound decomposes on distillation and has therefore not 
been isolated. When the ketone is heated in dry chlorine gas^ the hydrogen in the 
methyl-group is more or less replaced by chlorine, and by regulating the temperature and 
the proportion of chlorine, the three following chlorides may be obtained. 

Farabenzoyl-henzyl Chloride, is formed at 100°-110'^, and 

purified by crystallisation from alcohol and washing with ether, which removes some 
dichloride. It forms long white prisms melting at 97®-98°. On adding a little water 
to its solutioi^in absolute alcohol it crystallises in long, slender, silky needles. It is 
readily soluble in chloroform, carbon sulphide, benzene, toluene, hot alcohol, and 
glacial acetic acid, more sparingly in cold alcohol and ether. It can be sublimed, and 
easily undergoes double decomposition. 

Farahenzoylhenzylene dichloride, C®H®.CO.C®iH*.CHCP, is produced by the con- 
tinued action of chlorine at 1 30^-140°, and crystallises from alcohol and acetic acid 
in silky plates, melting at 94®-95°. It dissolves easily in the same solvents as the 
monochloride, and also in ether. It can be sublimed, and boiling alkalis convert it 
slowly into parabenzoylbenzoic acid. When it is heated with alcohol and silver 
nitrate, or with water and silver oxide or lead oxide, the same acid is formed, and not 
the aldehyde. 

Farahenzoylhenr^enyl trichloride, C®H®.CO.C®H^CCP, is formed at 150°-160° ; like 
the preceding compound it is best purified by the fractional precipitation of its boiling 
solution in glacial acetic acid with water. It crystallises in small glistening plates 
or larger thin square plates, melting at 111°--111*5°. It does not dissolve very freely 
in cold alcohol and acetic acid, but readily in the hot liquids and in the solvents 
mentioned above. It can be sublimed, and on heating it with water or silver nitrate 
to 170°-180°, or boiling it with alkalis, it is converted into parabenzoylbenzoic acid. 
On heating it with phosphorus pentaehloride, it is converted into C®H®.CCP.C'^H'‘.CCP, 
which is readily soluble in acetic acid, carbon sulphide, benzene, &c. It crystallises 
in square striated thin plates, melting at 78°-‘80® ; it cannot be sublimed, and is 
converted into parabenzoylbenzoic acid by concentrated nitric acid, and by boiling it 
with alkalis. 

Faratolyl-phenyl Finacolins, — Two of these bodies, a and j8, are 

formed by the action of zinc and hydrochloric acid on the ketone. 

The a-pinacoUn, which is the first product, is easily converted into the j3-com- 
pound, and therefore obtained pure only by working under certain conditions. A good 
yield is obtained by dissolving 10 grams of the ketone in 500 e.c. of alcohol of 75 per 
cent., and adding it to a mixture of zinc and so much hydrochloric acid that a brisk 
evolution of hydrogen goes on in the cold. The liquid is then boiled for two or three 
hours, and the pinacolin which has separated out is purified by crystallising it from 
alcohol. It forms microscopic glistening needles, melting at 214°“215°, and dissolves 
freely in chloroform, carbon sulphide, toluene, and boiling acetic acid, less readily in 
boiling alcohol and ether, very sparingly in cold alcohol. 

The ^-pinacolin is much more easily obtained by using a stronger alcoholic solu- 
tion of the ketone, and allowing the reaction to go on for four or five days. It crys- 
tallises from hot absolute alcohol in strongly refractive, small square plates, which 
become opaque on drying, and turn yellow on exposure to light. It dissolves readily 
in the same liquids as the a-compound, also in boiling alcohol. When the «-pinacolin 
is heated with benzoyl chloride or with concentrated hydrochloric acid to lo0°-160°, 
or with glacial acetic acid to 170°-180°, it is converted into the jS-compound. The a- 
compound is scarcely acted upon by boiling with nitric acid, an aqueous solution of 
chromic acid, or potassium permanganate, but a boiling solution of chromic trioxide 
in acetic acid oxidises it again to paratolylphenyl ketone. 

The iS-pinacolin cannot be converted into the a-eompound ; on heating it or the 
latter with concentrated hydriodic acid and amorphous phosphorus to 210°-220°, the 
hydrocarbon, is formed, which is readily soluble in chloroform, carbon sul- 

phide, and toluene, but very sparingly in cold alcohol and ether. It separates from 
boiling alcohol or acetic acid in microscopic, probably triclinic crystals, melting at 
213°-213*5°. 

On boiling the ^pinacolin with glacial acetic acid and chromic trioxide, a large 
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portion is completely burnt to carbon dioxide, and only a small quantity of an acid is 
obtained having the formula or more probably some benzoic acid 

being formed at the same time. This acid separates from ether as an amorphous 
transparent mass, and is precipitated from an ammoniacal solution by hydrochloric 
acid, as a bulky amorphous white powder. It dissolves freely in ether, benzene, 
alcohol, glacial acetic acid, &c., melts at 78°-83°, and cannot be sublimed. Its 
alkaline solution is precipitated by carbon dioxide ; the salts which it forms with the 
alkali-metals are amorphous and deliquescent; the other salts aro gelatinous precipitates. 

From these results it appears most probable that, by the action of nascent 
hydrogen on the ketone, first the corresponding pinaconc is produced, which, 
however, at once loses the elements of water and is converted into the a-pinaco_lin. 
As this compound can he easily reconverted into the ketone, it must have a similar 
constitution, while the j8-componnd, which by oxidation loses carbon and^ yields a 
monobasic acid, is produced by an intramolecular change, and its constitution is 
therefore probably similar to that of ordinary pinacolin from acetone, which by oxida- 


tion yields trimethyl-acetic acid. 


a-pinacolin 

^-pinacolin 
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1 
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C»H‘— 0— CO— C“B* 

\c— 
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1 


C“H» 


j 

or Cff.C“H^~C— CO— C“H*.CH> 
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Cymyl-'phQiiyl Ketone, is formed in small quantity By heating 

a mixture of cymene and benzoic acid, or benzoyl chloride, with phosphoric anhydride. 
It is a slightly yellow, very fragrant oil, which boils at lio°, and does not solidify in 
a freezing mixture (Kollarits a, Merz, Deict. Chem. Ges. Ber, vi. 646 ; Grucarovic a. 
Merz, ibid. 1244). 

Blbenzyl Ketone, (C®IF‘)OH^CO.CH-(C'dP). This compound, heated to about 
180° with hydriodic acid and amorphous phosphorus, yields a viscid product, solidify- 
ing on addition of soda to a crystalline pulp, from whicli ether extracts dibonzyl- 
me thane, = forming about a third of the entire product 

(p, 640). The remainder consists of a phosphorisod acid, = 0'^*H^®.P0.(0H)^, 

related to dihenzyl-methane in the same manner as phosphonylic acid, G®H®.PO.(OII)''^, 
to benzene (Graebe, Ber. vii. 1623). See p. 640. 

xraplithyl Ketones (Kollarits a. Merz, Ber. v5. 541 ; Grucarevic a. Merz, ibid, 
966, 1238), 

Na^hthyl-^Jienyl Keto7ie, C*®H’.CO.C“H®. — Two isomeric forms of this 
compound, a and are produced by heating a mixture of naphthalene and benzoic 
acid with phosphoric anhydride, to 200°-220° for ton or twelve hours. Tho viscid 
product is exhausted with benzene, and the solution submitted to fractional distilla- 
tion, whereupon it yields above 300°, a thick reddish-yellow oil, which wlien rectified 
yields a mixture of the two naphthyl-phenyl ketones. This liquid first deposited 
slender needles, which, when purified by washing with alcohol and crystallisation 
from ether-alcohol, melted at 82° ; afterwards mixtures from which, by solution in 
ether-alcohol, short prisms and needles were obtained, and these were further separated 
by sifting through a fine sieve which allowed only the needles to pass. The short 
prisms which melted at 75’5° were likewise obtained by heating a mixture of a- 
naphthoic acid and benzene with phosphoric anhydride, and may, therefore, he 
designated as a -naphthyl-phenyl ketone. The needles, melting at 82°, and identical 
with those above mentioned, were obtained in like manner from j8-naphthoic acid and 
benzene, and may, therefore, he called jS-naphthyl-phenyl ketone ; from the resulting 
oil they are most easily separated by solution in ether, addition of alcohol, and ro- 
crystallisation of tho powder which separates as the ether evaporates. The jS-modifi- 
cation is somewhat less soluble than the a in cold alcohol (a in 41, ^8 in 49 pts.) ; they 
are both more readily soluble in hot alcohol, also in ether and in benzene ; both are 
nearly inodorous, and volatilise without decomposition. 

Binaphthy l Kefooies, C’®H’’.CO.C’®H^. — Two of these ketones are known, and 
may be distinguishod by the letters a and h. The ^-modification is obtained by 
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heating a mixture of a-naphthoie acid and naphthalene with phosphoric anhydride, 
as an oil which solidifies after a while to a Titreous mass. By dissolving this product 
in ether, adding alcohol, and recrystallising the precipitate from ether-alcohol, it is 
obtained in crystals melting at 130®. It dissolves at U® in 77 parts of absolute 
alcohol more easily in hot alcohol, ether, and benzene ; crystallises from boiling 
alcohol in colourless pointed needles; from ether-alcohol in thick prisms and tablets 
(Kollarits a. Merz). Grucarevic a. Merz {Be}\ vi. 1238) prepare the same compound 
by boiling a-naphthoyl chloride with excess of naphthalene, and introducing into the 
liquid a thin strip of zinc ; an excess of zinc must he avoided. The product yields 
by distillation a brown oil which soon solidifies ; and by dissolving the mass in warm 
chloroform and adding ether-alcohol, prisms of the a-ketoneare fiLrst obtained, melting 
at 135® ; afterwards mixtures of this compound with another which crystallises in 
reddish scales. The quantity of a-naphthyl ketone obtained by this process amounts 
to between J and of the naphthoyl chloride used, and is larger than that produced 
from an equal weight of naphthoic acid. 

h-I)impli%yl Ketone . — Kollarits a. Merz prepared this modification from jS-naph- 
thoic acid and naphthalene, and after repeated crystallisation from various solvents, 
obtained it in needles which sintered together at 123®, melted at 135®, and were 
altogether less soluble than the «-ketone. Grucarevic a. Merz prepared it from 
naphthalene and ^-naphthoyl chloride in quantity amounting to about | of the latter ; 
and by repeatedly crystallising the crude product from chloroform and ether, white 
shining laminje were obtained melting at 164*5®, together with white needles having 
the same composition but melting at 125*5®. The former dissolved at 19® in 1256 
parts, the latter in 267 parts of alcohol. 

Naphthalene, as already explained (vi. 212), may be represented by the foUovdng 
constitutional formula : 


8 1 



in which the positions 1, 4, 5, 8 are similar to one another, but different from the 
positions 2, 3, 6, 7, which are also similar among themselves. Naphthalene mono- 
derivatives (chloro-, nitro-naphthalenes, &c.) in which the substituted radicle occupies 
one of the positions 1, 4, 5, 8, are called a-derivatives ; those in which it occunieB 
either of the other four positions are called jS-derivatives. This being understood, it 
is easy to see that dinaphthyl ketone, 0^®HhC0.C*®Hh is susceptible of three modifica- 
tions, a a, a )3, i8 ^ ; thus ; > 


\A/ \/\/ 


a a 


\/\J U\/ 


ajS 




\/\/ \/\/ 


^ Now, according to Grucarevic a. Merz {Ber. vi. 1246), a-dinaphthyl ketone, finely 
triturated with soda-lime and heated for eight hours in a sealed tube to about 350®, 
is resolved into naphthalene and a mixture of a- and j8-naphthoic acids ; hence it 
must be the a jB-modification. 5-dinaphtbyl ketone (both modifications, m. p. 125*5® 
and 164*5°) is resolved by heating with soda-lime into naphthalene and j8-naphthoic 
acid ; and since this latter can be formed only from a dinaphthyl ketone having the 
CO-group attached to one of its iS-positions, and moreover the a /S-modification has 
been shown to be that which is designated as u-dinaphthyl ketone, it follows ’ that 
both the 5-modifieations must have the j3 j8 structure, and can therefore be only 
physical isomerides. 

In a-naphthyl-phenyl ketone, the CO-group is attached on the one side to either 
of the a-carbon-atoms of the naphthalene-molecule, and on the other to either of the 
carbon-atoms of the benzene-molecule ; similarly with regard to j8-naphthyl-phenyl 
ketone. 

^ Kmoxnr, (Etti, Berl Ber. xi. 1879). When Malabar Kino is boiled 

with twice its weight of dilute hydrochloric acid (1 : 5), and the solution decanted 
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from the deposit of Idno-red is shaken np with ether, a solution is obtained which, on 
evaporation, leaves kinoin in the form of a reddish crystalline siihstanee ; and by 
repeatedly crystallising’ this substance from a small quantity of water, pure colourless 
crystals of kinoin are obtained, to the amount of about 15 grams from a kilogram of 

kino. , . 1 

Kino’in is anhydrous; it dissolves sparingly in cold water, easily in hot water 
and in alcohol. The solutions may he evaporated without alteration, but decompose 
on exposure to the air. Kinoin heated to 120°-130° till its weight becomes constant 
yields the anhydride, = — which appears to bo identical with 

kino -red; and this anhydride heated to 160°-1 70'" loses another molecule of water 
and is converted into Both these anhydrides are precipitated by gelatin ; 

kinoin itself is not. 

When kinoin is heated to 120°-180° in a sealed tube with strong liydrochloric 
acid, methyl chloride escapes on opening the tube, and a solution is formed containing 
pyrocatechin and gallic acid : hence it may he inferred that kinoin has the constitu- 
tion of methyl-^yrocateohyl gallate, G^H‘*(CH®)(C‘'H®0)0®. <7 

Kino-red yields by dry distillation a small quantity of watery and oily distillate, 
the greater part of the substance however becoming carbonised. _ The oily distillate 
yields by fractional distillation pyrocatechin and phenol, mixed with small quantities 
of an ethereal compound, probably anisoil or guaiacol. 

KJBH.TrXirz:Mr. A mineral from Bamle in Norway, occurring massive, with 
irapei'fect cleavage in two directions at right angles to one another, hracture uneven 
and splintery. Lustre, bitty. Colour, pale rod. Translucent in thin fragments. 
Sp. gr. - 3-15. Hardness = 4*5. Exhibits faint white phosphorosccnco when heated. 
Fusibility about 3 ; melts with some intumescence to a blistered enamel. Easily 
soluble in hot concentrated hydrochloric acid ; somewhat loss easily in nitric acid. 
With sulphuric acid it evolves hydrofluoric acid, while calcium sulphate separates. 
Analysis gave : 

I»=0“ MgO CaO Na’O FI SiO“ APO" 

42-22 37*00 7*56 1*56 4-78 1*50 5*40 « 100*02 

with traces of potassium, iron, and sulphuric acid. 

When the non-essential constituents are deducted, this composition corresponds 
with the formula 2Mg^(PO‘‘)--hCaF“, a small portion of the calcixtm being replaced 
by sodium. . 

Kjerulfin differs from wagnerite, which it rosemldos in many respects, by contain- 
ing less fluorine and sodium, and more calcium, so that its solution in hydrochloric 
acid gives a precipitate with sulphuric acid, which is not the case with wagnerite. 

mZiXigrOBtrzyciTX: or ClimOKITMlTE. See Humtte (p. 1044). 

XLdETXCrXBZf. A mineral from Eussia belonging to the Brochaniito group 
(p. 349). 

KOPPXTE. This name is given by A. (Jah'h. /. Min. 1875, 67) to a 
variety of pyrochlore from the limestones of the Kaiserstuhi, which ho regards as a 
distinct mineral species, on account of tho smallness of its amount oflltionno (1-28 
to 1*82 per cent.), and the absence of titanic acid and thorina. 

SCOSXM*, (Fliickiger a. Buri, Arch. Fharm. [3], v. 193 ; Pharm. J. 

Trans. [3], v. 562). A substance obtained from tho flowers of the koso tree of 
Abyssinia (Hagrria abysshiica Lamarck), and supposed to be tho principle to which 
the anthelmintic properties of these flowers are duo. It has a sulphur-yellow colour; 
crystallises in rhombic forms ; dissolves at 15° in strong sulphuric acid, and crystal- 
lises unaltered on cooling; melts but does not give off w'ater at 142° ; and at higher 
temperatures emits an odour of butyric acid and yields a brown tar. It is nearly 
insoluble in -water, but easily soluble in ether, benzene, carbon sulphide, chloroform, 
glacial acetic acid and alcohol ; dissolves also in aqueous alkalis and alkaline car- 
bonates, and is precipitated therefrom by acids. Ferric chloride added to the alcoholic 
solution produces, after a while, a permanent red coloration. 

Kosin dissolves in strong sulphuric acid, forming isobutyric acid and a red 
amorphous body, which has the composition or 

accordingly as it is prepared with cold or with warm sulphuric acid. 

Kosin fused with potash produces formic, butyric and oxalic acids, together with 
a brown unctuous substance. With sodium-amalgam it yields a volatile oil, 
and an amorphous substance having the colour of stannic sulphide, and the 
empirical formula C'^H^O-. Acetic anhydride converts kosin into acetyl-kosin, 
Q3ijg;32(Q2jj30)60io. From these results Fliickigor a. Buri regard kosin as an other 
of isobutyric acid. 

The substance called Koussin or Ttenim, which Pavesi and Bcdall obtained from 
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the flowers of Brayem mtJiehniniica (v. 654), is, according to Fiiiekiger a. Buri, a 
mixture containing Tariable quantities of pure kosin. 

SLOXnVXZSS. Observations on the preparation of this beverage have been pub- 
lished by J. T. G-eorge {Bharm. J. Tra7is. [3], iii. 544 ; Jah'esh. f. Chern. 1873, 1080), 
and a continuation of former observations (vii. 715), by Jagielski (American 
Chemist^ v. 448). 

KRirOSCOM-ITS. See CEYOComTE (p. 589). 

KXTIO'K.XTR. An argillaceous sedimentary limestone occurring in India, and 
used for the preparation of mortar. Becently burnt kunkur-stone was found to 
contain 40-0 per cent, silicates, 8-8 calcium carbonate, and 51*2 quicklime. This 
lime possesses considerable hydraulic properties. "When slaked it increases greatly in 
bulk, its density diminishing from 1 to 0*67. To form the mortar, slaked kunkur 
lime is mixed with sand in such proportion as to form a mixture having the following 
composition reckoned on the dry mass : 

^ 1 vol. Ume, weighing 0-67 1 

2 vols. sand „ 3*00 

3*67 

This mortar therefore contains scarcely 10 per cent, of its dry weight of lime. 
Nevertheless it hardens nnder water to snch a degree, that after a month it is able 
to bear a weight of 15 pounds on the square inch (E. Nicholson, Cliem. News^ xxxii, 
82). 


L 

XiilBRABORXTS:. See Felspab (p. 774). 

liAC, Japanese lac is described by Wagner {J)ingl,^ol. J. ccxviii. 361, 452). It 
is obtained from the juice of a species of Sumach (Rhus vernieifera\ growing chiefly 
in the district of Yoshino, by making incisions in the bark. The viscid juice, which, 
on exposure to the air, quickly becomes dark-coloured and covered with a crust, is 
known by the name of Uruski. The value of the lac varies according to the season 
in which it is collected, the best being obtained towards the end of August. A well- 
grown tree yields about 375 grams of juice, and then dies. The juice is filtered through 
a peculiar kind of paper made in Yoshino. It is only the red lac (coloured by cinna- 
bar) that retains its colour ; all other shades become deteriorated by the darkening of 
the lac on exposure to the air. Black lac is produced by stirring the juice for a day 
in contact with the air, after adding to it a certain quantity of water which has stood 
over iron filings. Lacs which are to he polished after hardening have only a small 
quantity of oil added to them ; others are mixed with one-fifth of an oil obtained from 
the Ye plant (Perilla ocvn&ides). The working of this lac is a somewhat unhealthy 
occupation, the vapours emitted from the juice producing painful cutaneous eruptions. 

In articles to be coated with this lac, all cracks and holes must he stopped with 
linen or cotton soaked in a quickly hardening lac (Seschime lac from the twigs of 
Rhus vernicifera). A thin cloth or a layer of the long- fibred Yoshino paper is then 
immediately attached to the surface with Seschime lac ; on this is laid a coating of 
the same lac mixed with powder of burnt clay ; and the articles are left for twenty- 
four to forty-eight hours in a dark moist place for the lac to harden. The hardened 
coating is next rubbed with a soft stone, after which a second layer of fine tripoli and 
lac is laid on, and this, when hardened, is rubbed with charcoal and water. The 
surface thus prepared is ready to receive the true lac. At first a few layers of a 
cheaper lac are laid on and finally the best coloured lac, each layer, after hardening, 
being rubbed with a smooth piece of charcoal and water. Lastly, to produce the lustre, 
a very thin coating of Seschime lac is laid on the object by means of a cotton pad, 
and polished, when dry, with very flue powder of stag’s horn or burnt bones, rubbed 
on with the finger or the palm of the hand. 

On Japanese lac, see further Eobertson (Rharm. J. Trans, [3], vi. 487). On 
Chinese lac, see American Chemist^ v. 463. 
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XiiiCTZC iiCZlD, C®H®0®. The isomeric modifications of this acid have been 
further examined by Wislieeuus {Liebig's Annalen, clxvi. 3 ; clxvii. 302, 346). 

1. Hydracrylic Acid, produced by the action of silver oxide on S-iodopropionic 

acid, CH‘I.CH‘.OOOH, is not identical with ethylene-lactic acid, as might be supposed 
from its mode of formation, but a modification distinct from both ethylene-lactic and 
ethvlidene-lactic acids, and represented by the formula CH‘'^OH.C CHOH (vii. 
718). • '-0-' 

2. Sarcolactic Acid. The more recent experiments of Wislicenus confirm the 
view formerly suggested {loc, cit) that sarcolactic acid is a mixture of two distinct 
acids, the more abundant of which, called paralactic acid, turns the plane of 
polarisation to the right and forms well-crystallised salts, whereas the other, which is 
present in much smaller quantity, and is probably the true ethylene-lactic acid, 
exhibits but very little crystallising power. 

To separate the two acids, sarcolactic acid, prepared from extract of meat, was 
saturated with zinc carbonate, and the concentrated solution was precipitated with 
four or five times its volume of alcohol of 90 per cent. The paralactate was thereby 
precipitated as a -bulky mass of very small colourless crystals, which afterwards 
became denser; these were Avashed with alcohol and pressed, then several times dis- 
solved in water and precipitated by alcohol, and finally recrystallised from boiling 
water. The quantity of pure zinc salt thus obtained amounted on the average to 
2 per cent, of the meat-extract used. The alcoholic mother-liquors contained chiefly 
the zinc salt of the second constituent of sarcolactic acid. Of the properties formerly 
attributed to zinc paralactate (iii. 459, 460), chiefly according to the experiments of 
Engelhardt {Liebig's Annalen, Ixv. 359), two only have been confirmed by Wislicenus, 
viz. the amount of crystallisation-water, which agrees with the formula C'’'H’“ZnO''.21i*0, 
and the tendency of the salt to form distinct crystals, whereas the fermentation lactate 
tends rather to form groups or crusts of crystals. On the otlier hand, all the earlier 
determinations of solubility of this salt appear to have been made with supersaturated 
solutions ; and Wislicenus finds that the amount of water in a solution prepared with 
the aid of heat, and left to cool in contact with the crystals which separate, decreases 
continually, and does not attain a constant A^alue till after about a month, this value 
agreeing with a solubility of 1 pt. of the crystallised salt in about 17'5 pts. Avater at 
14°-15° (1 pt. fermentation lactate requires for solution 58 to 63 pts. water). In 
boiling alcohol, zinc paralactate dissoh'os in the proportion of about 1 : 1000, and in 
much smaller proportion in cold alcohol. Caloimi paralactate has the composition 
2C«H‘0OaO«.9H-O. 

The conversion of sarcolactic acid into the anhydride of formenlution lactic acid 
[dilactic acid, 0<5H‘®0‘' = 20^B[“0^ — H-0] was observed by Strecker in 1858 (iii. 457). 
Wislicenus finds that when pure paralactic acid is heated for some time in a retort at 
135°, a small quantity of it distils unaltered, together Avith the water, and the residue 
contains dilactic acid, the quantity of which increases as the heating is continued, 
so that after a few days the residue consists almost exclusively of it. The same acid, 
heated to 150° in a current of air, Avas, for the most part, coiiA^erted into ordinary 
lactide, C^H‘^0-, melting at 124'6°. Optically active lactic acid, therefore, Avbon 
heated to 135°-150°, is gradually but completely converted into the anhydrides of 
optically inactive fermentation-lactic acid. Paralactic acid loft in a perfectly dry 
atmosphere at ordinary temperatures, is dehydrated exactly in the same manner as 
ordinary lactic acid, that is to say, it is converted first into dilactic acid and then into 
lactide (vii. 720). The mixture of the anhydrides of dextrogyrate paralactic 
acid possesses a high degree of IsBA’ogyrate power. A preparation which had been 
kept over sulphuric acid for 21 months, and then consisted of 84T9 per cent, dilactic 
acid and 16*04 lactide, exhibited in alcoholic solution, for the line B, a specific 
rotatory power of -~85*8'0° to -85*93°. This residue, boiled for a long time with 
zinc carbonate, was converted into a mixture of salts, in which the paralactate greatly 
predominated. 

The optical rotatory power of paralactic acid, in a specimen which had been pre- 
pared by dehydration at ordinary temperatures, and contained 0*0738 gram of acid in 
a cubic centimeter, was found to be [a]D = 2*78. It did not, however, remain constant, 
but decreased suddenly and considerably after every further addition of water, and 
the more considerably in proportion as the original solution was more concentrated ; 
after some time it gradually increased again, Avithout, however, regaining 
its original value. The rotatory power of the metallic paralactates is of opposite 
sign to that of the free acid ; that of the zinc salt being smaller in supersaturated 
than in normal solutions, in Avhich latter [a]D= -7*6° to ■~7*7° for the crystallised 
salt. For the crystallised calcium salt, [a]i)= “3*87°. 

Paralactic acid heated alone to 140°-150° is resolved, like the fermentation acid. 
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into formic acid and acetaldehyde. By oxidation -witii a slight excess of potassium 
dichromate and sulphuric acid (1 at. disposible oxygen to X mol. lactic acid) it yields 
acetaldehyde, together with formic, acetic, and carbonic acid, but neither malonie nor 
oxalic acids. 

The production of formic and acetic acids by the oxidation of paralactic acid is 
easily explained if the latter be represented by the formula, — C(OH) — CH(OH), 

thus : I — 0 i 

f OH. 

MOB, . 0 - o^{,(OH) 

\cH(OH) OxxCH(OH) Formic acid. 

On this view, paralactic acid would be related to ethylidene-lactic acid in the same 
manner as hydracrylic to ethylene- lactic acid. As, however, hydraerylic acid — the 
formula of which is better established than that of paralactic acid — does not exhibit 
circular polari.mtion, Wislicenus thinks it preferable to assign to paralactic acid the 
same constitutional formula as to ethylidene-lactic acid, regarding these two acids as 
physical isomerides (vii. 720). 

ZSttiyleiie-lactic Acid, CH^OH.CH'-^.COOH. This acid, whether prepared 
from sarcolactic acid, or synthetically by combining ethylene with carbonyl chloride, 
and decomposing the resulting chloride, CH-Cl.OH-.COGl, with an alkali, or by either 
of the other processes already given (vi. 770), is very difficult to purify, being 
mixed in the first case with paralactic acid, and in the case of the synthetical pre- 
paration, with ethylidene-lactic acid, formed at the same time by intramolecular 
transposition. It may, however, be obtained quite pure by digesting its zinc salt 
— previously freed as far as possible from ethylideue-lactate or paralactate respectively 
by the difference of solubility of these salts in water (vii. 719) — with quantities 
of nearly absolute alcohol not sufficient to dissolve the whole of it, or by fractionally 
precipitating its alcoholic solution with ether. The zinc salt, either of the synthetically 
formed acid or of that prepared from different animal fluids, is thus obtained in the 
form of a brittle transparent gum which deliquesces in contact with the air. 

Pure ethylene-lactic acid is not converted by hydriodic acid into 3-iodopropionic 
acid, and does not yield a sparingly soluble zinc-calcium salt. By oxidation with 
chromic acid, it yields large quantities of carbon dioxide and oxalic acid, and a small 
quantity of malonie acid, but no formic acid (Wislicenus, Amakn,^clsvn. 346 ; Ber. 
vi. 1395). 

Ethylidene-lactic acid is produced by prolonged boiling of isotrichloroglyceric acid 
with tin and hydrochloric acid (Schroeder, Annalen^ clxxvii. 282) : 

-f 4H2 = 3HC1 -f H^O -f 

lodo-laetic acid, is prepared by heating chlorolaetic acid to 50° with 

potassium iodide. It melts at 84°-85°, and forms a zinc-salt crystallising in tablets 
(Glinsky, Berl. Ber. vi. 1257). 

IiACTXC STHBRS, CHliOR- and BROMX»rAT£X> (L. Henry, Ber. vii. 
762). Ethyl lactate unites with chloral gradually and with slight elevation of 
temperature, forming a viscid liquid which, when treated with phosphorus pentachloride, 
yields ethylic tetrachlorethyl-lactate, CH"— CHO(CHC1.0CP)--COOC2H^ a 
thick, colourless, non-distiilable liquid, having a peculiar odour, sweetish taste, and 
sp. gr. =1*42 at 11°. 

TrichlorefhylUenic Lactate, = Cff.GH<^Q®>OH.CCl’ is 

formed by heating lactic acid with chloral in a sealed tube to 150°-160°, and passes 
over on distilling the product with steam, as an oil which has a peculiar odour, is 
nearly insoluble in water, and, after drying with calcium chloride, solidifies in splendid 
crystals. It melts at 45°, boils without decomposition at 222°--224°, dissolves easily 
in alcohol, ether, and carbon sulphide (Wallach a. Heymer, Ber. ix. 545). 

Trichlorethylidenic Trichlorolactate, CCF.CHc^^q'^^CH.CCP, or 

Chloralide, is formed in like manner by heating chloral with trichlorolactic acid 
(p. 445 of this volume). 

Chloralide crystallises in splendid monoclinie crystals, often more than an inch 
long. Axes a h '. c = 1*2038 : 1 : 0*3620. Angle ce-84° 52'. Observed forms, 
coPco, Qopoo, oo'P, coP2, OP, Poo. Angle ooP;ooP=100° 33'; Sco:pco = 
39° 40'; Pco : CO Boo = 85° 10'. Cleavage perfect, parallel to ooPco. Plane of 
optic axes perpendicular to the clinopinacoid. The median line situated in the plane 
of symmetry forms with the vertical in the acute angle of the axes a and c, for Li-red 
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11° 34', for Na-yellow 11° 44', The median line parallel to the axis 6 exhibits 
negative double refraction and crossed dispersion ; the axial angle in oil is for Li 
99° 27', for Na 99° 51' (Bodewig, Zmtsohr.f. Krystallogro^yhie, i. 594). 

Tribromethylidene Tribromolactatc, or Bromalide, C^H^Br^O^ = 
CBr^CH<^P Q\^CH.GB^^ is obtained in like manner from tribromolactic acid and 

bromal, and by heating bromal with fuming sulphuric acid (Reincke, BqtI, Bcr. ix. 
1215). It melts at 158° (Wallach a. Reincke, ibid. x. 2128). 

Trichlorethylidene Trihromolactaf.c, 

(yffEr^CPO'’ = CBr’.CH<;_^Q^’>CH.CCl», 
from tribromolactic acid and chloral, molts at 132°-135°. Trioromethylidene 
TrioUorolactate, COP.CH<;p_Q^>OH.CBr’, from triehlorolaotic acid and 
bromal, melts at 149°-160°. Tribroonethylidenc Lactate, C^’H^Br^O^ - 
Cff.CH<;® Q^CH.OBr’, from lactic acid and teomal, melts at 95‘*'-97° CWallaeh 

a. Reincke). This last compound, called by Klimenko lactide bromal, is also formed 
hy dropping bromine into a solution of lactic acid in twice its volume of ether. A 
brisk action then takes place, which must be moderated by cooling ; and after 
2 mols. bromine have been added, the liquid is heated on the water-bath in a vessel 
with reversed condenser, till that which runs back exhibits a yellowish colour. A 
large quantity of hydrogen bromide is then given off, and considerable quantities of 
ethyl bromide pass over in the subsequent distillaticm. Crystals form in the residue 
on standing, and on adding water, a thick oil separates, which after a while solidifies 
to a crystalline mass. The crystals, which have a strong pungent odour, may he 
purified hy washing with water, pressing, and recrystallisation from hot alcohol. 
They have then a neutral reaction, an agreeable though pungent odour, and agree in 
composition with the formula of tribromethylidene lactate, 0^>F’Br^0'‘. 

The formation of this compound by the action of bromine on lactic acid in presence 
of ether, may he represented by the following equations : 

(C*H^^)20 + HBr = C^H^Br + C'WOH 

C^H^OH + 4Br2 = O^EBr^O + 5HBr 

C^HBr^O + Cm^O^ = C'H'’Br«03 + 

Bromal Lactic 

acid 

Tribromethylidene lactate is insoluble in water, very slightly soluble in cold, 
much more readily in hot alcohol, and separates therefrom on cooling in small con- 
centrically grouped needles, melting at 95°-97°, and solidifying again at 90°. From 
ether, which dissolves it freely, it crystallises in large rhombic prisms, acuminated at 
the summits. Caustic potash slowly decomposes the crystals, even at ordinary tem- 
peratures, with formation of bromoform. Sodium abstracts all the bromine from the 
aqueous solution, part only from the ethereal solution (Klimenko, J.^r, Glmu [2], 
xiii. 98). 

XiACTXBE, C®H®0*. The formation of this compound from paralactic acid, as 
well as from ordinary lactic acid, has been already mentioned (p. 1160). L. Henry 
(Rer. vii. 753) finds that its vapour-density is 4-81 ; consequently its molecular formula 
must he, not C^H^O- as hitherto supposed, hut C®H®0 ‘, the vapour-density calculated 
from the latter formula being 4'96. 

By absorption of dry ammonia, lactide is converted into lactamide, 
CH“.CH(OH).CO.NH^ identical with that (ni. p. 74°) which is produced by the 
action of ammonia on ethyl lactate (iii. 453). Hence it must he regarded as an 

cmcH.oo 

ethereal compound, 0 O , and not as a body which would be at the same 
CO.CH.CH3 

CH^.CH.CO 

time acid anhydride and alcoholic anhydride, viz. 0 0 , since it would then 

CHICH.OO 

CH».CH.CO.NH2 

he converted by ammonia into a diamide, 0 , or the correspond- 

CH^OH.OO.NH" 

CH3.CII.CO.NH2 

ing acid ammonium salt, 0 . - 

CHbCH.CO^.NH^’.OH 

Lactide melts at 121° (according to Wislicenus at 124-5° ; see p. 1160), and boils 
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under a pressure of 757 mm. at 255° (uncorr.) It 3S not attacked by acetyl chloride. 
The temperature at which lactic acid, when subjected to dry distillation, passes into 
dilactie acid, is between 140° and 150°, and that at which this latter com- 

pound when heated alone is converted into lactide, is between 200° and 250° (Henry). 


ZrACTZBB BBOMAXiy syn. with Tuibeomethtlidenic Lactate (p. 1162). 

XACTOGZiTTCOSB. A constituent of milk-sugar, according to Fudakowski 
(see Sugars). 


XACTOPHOSPBATSS. A pharmaceutical name for mixtures of lactic acid 
with calcium phosphate. R. Rother {Pharyn. J. Trans. [3], iii. 570) found that lactic 
acid saturated with tricalcic phosphate contained 4 mols. of the former to 1 mol. of 
the latter. The solution, when boiled or left at rest for some time, deposited a pre- 
cipitate of PO^CaH : 

+ 4C3HfiOs = 2PO^CaH + + 2Cm^OK 

The formation this precipitate may be prevented by adding a quantity of lactic 
acid equal to half that originally present, directions for the preparation of syrups of 
calcium lactophosphate are given by Rother (loc. cit)y also by Menieres a. Langelle 
{Pharm, J. Trans. [3], iv. 142), and for the preparation of cod-liver oil containing 
calcium lactophosphate by E. Chiles {ibid. iii. 785). 

XACTITCA. The leaves of the common lettuce {Lactnca sativa) fresh and well- 
developed were found by Church {Jouryial of Botany.^ March 1876) to contain water, 
95*98 per cent. ; albuminous matter, 0*71 ; starch, sugar, ^im, 1*68 ; cellulose and 
lignose, 0*52 ; chlorophyll and fat, 0*22 ; ash, 0*89. This ash was very rich in 
nitrates. 

XACTURAMXC ACXB, C-‘H®N20® - CH^.GH(NH.CONH=).COOH (see vol. vii. 
p. 723), 

^ ^ CH3.CH.I5H.CO 

XACTYX-CARBAMXBE or XACTYX-tJBEA, = | 

{ibid.) CO NH 

XAWTHAlffinwc. Atomic weight, La"' = 138*75 (Marignac); 139*15 (Cleve); 
139*2 (Frerichs a. Smith ) ; 139 (Hillebrand). 

On the preparation of Lanthanum and its separation from Cerium and Didymimn, 
see Ceritb Metals (pp. 421, 422) ; also DiBTmxnu: (p. 642). 

A large number of lanthanum salts prepared and examined by Cleve are described 
under Cbeitb Metals (pp. 422, 423). The following have been examined by Frerichs 
a. Smith {Liehig^s Atinalen, cxci. 355—866) ; they were prepared in the same manner as 
the corresponding didymium compounds (p. 642), which, for the most part, they 
closely resemble. 

Platimchloyid£, 2LaCF.3PtCF.24H:20.— Large orange -coloured very soluble 4-sided 
plates. 

Anrochloride, 2LaCF. 3 AuCF.2lH20.— Shining plates, very soluble and absorbing 
moisttire from the air, but not deliquescent. 

Oxychloride, LaOCl. — ^White, nearly insoluble in water even at the^ boiling heat. 
By boiling with an excess of didymium oxychloride suspended in water, it is gradually 
converted into the soluble chloride, the didymium oxychloride being first resolved into 
insoluble oxide and soluble chloride, which then gives up its chlorine to the lanthanum 
and is itself converted into didymium oxide : 

3DiOCl = Di^O^ + LiCP ; and SLaOCl + 2DiCF = SLaCP + Bi^O^. 

Lanthanum and Zinc Bromide, 2LaBr3.3ZnBr2 (or perhaps 36H^O).— 

Resembles the corresponding didymium salt. 

Lanthanum and McM Bromide, 2LaBr3. SNiBr^.lSH^O.— Exactly resembles the 
didymium salt. 

Lanthanum and Zinc Iodide, 2LaP.SZnl=.27H“0.— SmaU -white Trery soluble needles ; 
absorbs moisture from the air much more quickly than the corresponding didymium 
salt. 

Lanthanum and Hydrogen Flmnde, 2LaP.3HF.*— Thro-wn do-wn by hydrofluoric 
or silicofluoric acid from a solution of lanthanum sulphate, as a bulky precipitate, 
which dries up to a thick white crust. 


* Frerichs a. Smith suggest that the precipitate obtained by Cleve on adding hydrofluoric acid to 
lanthanum acetate, and regarded by him as 2LaF^H“0 (p. 4^), may possibly have been tbe acid 
fluoride above described, the hydrogen fluoride of which, given oft on heating, may have been mistaken 
for water of crystallisation. 
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Lanthmmn-zinc Nitrate, 2La(N02)3.3Zn(N03)^.69H20.— Agrees in properties with 
the salt prepared by Damonr a. Beville (InsHt. 1858, 111), who, however, assigned to 
it the formula La"(NO0-.Zn(NO«f.8H“O or 2La"'(N03)«.3Zn(N0=^)-+ 24IPO. 

Lanthanum-nicJcd Nitrate, 2La(KO3)3.3Ni(N0»)2.36H“O— Light green very soluble 
crystals, which do not absorb moisture from the air so quickly as the corresponding 
didymium salt. 

Lanthanum Bypochlorite, LaCOCl)**. Chlorine passed iiito_ water in which 
lanthanum hydroxide is suspended, forms after a while a crystalline powder, which 
redissolves if the stream of chlorine be continued ; and on^ evaporating the filtered 
solution over the water-bath, the hypochlorite is obtained in easily soluble lustrous 
plates. 

Lanthanum Sulphide, La^S’^, obtained by heating the oxide in a current of CS- 
and CO', is a brownish-grey powder which dissolves in acids with evolution of 
hydrogen sulphide. Cold water decomposes it into lanthanum hydroxide and 
hydrogen sulphide. ^ 

Sulphates . — The normal sulphate, La2(SO'‘)‘‘, crystallises from a neutral 
saturated solution with 6H-0. On mixing the saturated solution with an equal 
Tolume of sulphuric acid and evaporating over the water-bath, fine crystals of the 
bihydrated salt, La'^(S0‘)®.2H‘^0, are obtained. 

Basic Sulphate, [La''^(OH)®]'(SO‘‘)^. — Hermann obtained this salt by precipitat- 
ing the normal sulphate with ammonia, as a white bulky precipitate containing water, 
Brerichs a. Smith have obbiined it in the anhydrous state. 

Selmate. La^(Se0-*yM2H-0. — Colourless prisms, soluble in water. Cleve obtained 
it with 6H~0. Selenite, La'(Se0*'’)-'*.9H‘0. Precipitated by alcohol from a concentrated 
solution of the sulphate mixed with selenious acid. Decomposes as readily as the 
didymium salts. Cleve’s acid selenite (p. 423) was not obtained by Frorichs a. Smith. 

Phosphates . — The orthophosphate, LaPOh is acolourloss gelatinous precipitate 
formed from lanthanum sulphate and trisodic phosphate. The triphosphate, 
(La'‘^)^^H®(PO^)^, is formed as a gelatinous precipitate on mixing the solutions of 
lanthanum sulphate and disodic phosphate. The pyrophosphate, La^H‘*(P''^0^)^ is 
obtained on adding sodium pyrophosphate to lanthanum sulphate, as a colourless 
precipitate soluble in excess of the sodium salt. Clove assigns to it the composition 
LaHP'OhSH^'O. The metaphosphate, La(PO®)'’, is precipitated by sodium metal 
phosphate from lanthanum sulphate. 

Phosphite, La“H'’(FO*)^. — Colourless precipitate. 

Arsenate, La'^H^(AsO‘)“, is a colourless gelatinous precipitate; the arscyiite, 
La'H'’(AsO*)®, is obtained as a crystalline powder by boiling lanthanum hydrate for 
several hours with aqueous arsenious acid. 

Chromate, La“(CrO‘‘)^. — Obtained, on mixing the solution of neutral potassium 
chromate and lanthanum sulphate, as ayellow granular precipitate, appearing crystalline 
under the microscope. Slightly soluble in cold, more readily in hot water, easily in 
acids. 

Manganate, La^CMnO^)^. — Obtained by heating manganese dioxide (1 pt.) with 
lanthanum nitrate (4 pts.) for half an hour, then washing rJio mass with water and 
drying, as a grey-black powder, insoluble in water, but dissolving with fine rose-rod 
colour in sulphuric acid. The permanganate, La(Mn0'‘)’*.2lH‘0, is deposited as a 
brown powder on leaving a solution of potassium permanganate and lanthanum 
sulphate to itself for about a month. 

La^(B'‘0’)^.— Gelatinous precipitate which dries up to a transparent brittle 

crust. 

Tungstate, La=(WO'^)®.— Obtained on mixing sodium tungstate with a lanthanum 
salt as a colourless gelatinous precipitate which dries up over the water-bath to a 
thick white crust ; it is soluble in acids. The onolyhdate, LaH®(MoO^)^, is very much 
like the tungstate. 

The cyanide is a gelatinous precipitate which dries up to a dense crust. It unites 
with other metallic cyanides, forming well-crystallised double cyanides. The platino- 
cyanide, 2La(CN)®.3Pt(CN)". 18H'0, is obtained, according to Czudnowicz, on adding 
barium platinocyanide to an excess of lanthanum sulphate. 

XiAWTAISrURIC ACIB, C^*H‘N-’OA See Glyoxyl-carbamide (p. 890 ). 

XARCH RURTG-XTS* This fungus, treated with alcohol of 95 per cent., yields 
a mixture of at least four different resins. The yellowish-white portion, which dis- 
solves with difficulty in cold alcohol, may be separated by digestion with cldoroforra 
into two different constituents, (a). The part which is insoluble in chloroform has 
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the composition melts at 125°, and dissolves at 14° in 303’8 pts. alcohol of 

95 per cent. (jS). The part which dissolves in chloroform has the composition 
melts at 90°, and dissolves in 130 pts. of alcohol. 

The portion of the original resin which dissolves easily in alcohol of 95 per cent, has 
a red colour, and consists of 69*16 per cent. C., 9*44 H., and 21*40 0. It dissolves 
readily also in alcohol of 75 per cent., and is precipitated therefrom for the most part 
by water. The constituent which is soluble in water contains 61*91 per cent. C., 
8*11 H., and 29*98 0.; it dissolves in 58*8 pts. of alcohol and in 590 pts. of distilled 
water. 

A chemical change appears to be brought about in the resinous mixture by con- 
tinued boiling with milk of lime, the precipitate thrown down by hydrochloric acid 
from the filtrate being separable by digestion with chloroform into two difierent 
substances. The part insoluble in chloroform has the formula and dissolves 

in 165 pts. of alcohol. The constituent which is soluble in chloroform has the com- 
position and dissolves in 47*8 pts. of alcohol. Both of these bodies 

contain more mrbon than the white resin. On the contrary, the red residue on 
the filter, whimx can be separated from the calcium hydrate by hydrochloric acid, and 
does not pass into the solution, contains a smaller amount of carbon than the red 
resin of the fungus. 

The white resin of the fungus is tasteless. The red resin is, even after the most 
careful purification, intensely bitter, and is the chief cause of the hitter taste of the 
fungus. The resin of the Larch fungus contains no constituent which can be con- 
verted into sugar by treatment with dilute acid. XJmbelliferone occurs among the 
products of dry distillation of the resin. The resin of the Larch fungus offers con- 
siderable resistance to the action of concentrated nitric acid. Among the products 
of the action of this acid, aided by heat, on the mixture of resins, are found picric 
acid and succinic acid (E. Masing, Arch. Fharm. [3]. vi. 111). 

IiAltCK-Xt£X>. This substance, obtained by boiling the extract of larch-bark 
with very dilute sulphuric acid, yields protocateehuic acid when fused with 4 pts. of 
sodium hydroxide. The same acid may be obtained by similar means, though less 
advantageously, from the extract itself (Stenhouse, Chem. 8oo. Jour, xxviii. 7). 

XaATmBXi-WATZm. Determinations of the proportion of hydrocyanic acid in 
laurel-water, prepared from leaves gathered at different seasons, have been made by 
M. Leger {Pharm. J. Trans. [3], iii. 971). 1500 grams of distillate prepared in each 
of the twelve months of the same year from 1000 grams of leaves were found to con- 
tain the following quantities of hydrocyanic acid : 


January 
Eebruary 
March . 

. (old leaves 

( old leaves 
I young leaves 


Mayj^ 


76 mgm. 

June (old and young leaves) 

84 mgm. 

96 „ 

July 

125 


100 „ 

August .... 

116 

•> 

76 „ 

September .... 

110 


100 „ 

October .... 

116 

if 

44 „ 

November .... 

100 

}> 

110 „ 

December .... 

66 



The loss of hydrocyanic acid which laurel-water suffers in keeping is particularly 
great when it is kept in corked bottles not quite filled. 

On Artificial Laurel-water, see A. Hipping {Arch. Pharm. [3], ix. 526 ; Chem. 
8oc. Jour, xxxii. 241). 

XiAT7ROCX:KASXX9’> This name is given by E. Lehmann {JJ, Bep. Pharm. xxiii. 
449) to a substance intermediate in composition between amygdalin and amygdalic 
acid (i. 201), obtained from the bark of the berry-bearing alder {Bkammis fTangula\ 
and the leaves of the cherry-laurel {Ccrastis Laurocerasus). Hhamnus bark or laurel 
leaves are exhausted with hot absolute alcohol ; and the decoctions, mixed with 
reeentl}^ precipitated lead hydroxide, are left to stand for a week, whereby chlorophyll 
and tannin are thrown down. On subsequently warming the liquid, filtering, and 
mixing the filtrate with ether, an amorphous precipitate is obtained which may be 
freed from sugar by boiling with alcohol. Of this substance rhamnus bark yields 0*7, 
laurel leaves 1*38, per cent. The amorphous product, when freshly precipitated, 
exhibits the appearance of microscopic granules ; they deliquesce very quickly, appear 
light yellow with a glassy lustre when dried over sulphuric acid, and brownish w’hen 
dried at 100°; they are dififusible, optically dextrogyrate, and taste like salicin. 
Strong sulphuric acid colours them violet, afterwards brownish yellow. They are 
decomposed by almond-emulsion, but less easily than crystallised amygdalin. When 
boiled with baryta- water, they yield barium amygdalate and ammonia, of the latter, 
however, only half as much (reckoned on the dry substance) as is obtainable from the 
crystallised glucoside. To the product from rhamnus barx Masing assigns the 
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formula - 20‘‘®H®^K02® + 26WO ; to that from laurel leaves the formula 

qsojji34]s[206o_ 2C^°H®^NO^®+ 14H20,— the body, common to them both, 

containing the elements of amygdalin, and amygdalic acid, 

When the bark or the leaves were simply exhausted with hot alcohob without the 
use of lead hydroxide, the same substance was obtained in union with a smaller 
quantity of water, 20'*®H^®JSr0‘‘^® + 211^0. 

XiAtTROSTBimiW. H. Schiif JBer. vii. 781) points out that the cor- 
rection of the older analyses of this substance according to the atomic weights now in 
use leads to the formula = instead of the older formula 

(iii. 475), so that the fat of the bay- tree, like all other natural glycerin fats, 
may be regarded as a normal (tri-acid) glycerin-ethor-— viz. trilaury 1-glycerin. 
The mean of the analyses by Marsson and by Stliamar gives 73*36 per cent, carbon 
and 11 ‘47 hydrogen, the formula requiring 73*35 C, and 11*60 H. 

3bAVA. See Volcanic Products. 

ZiEAB. Occurrence, — ^Native lead is found in the Kirghis Stfppe, associated 
with heavy spar and cerussite in hornstone, and in the gold washings of Katharinen- 
burg in grains, together with gold, magnetic iron ore, and specular iron ore (v, Kok- 
scharow, Jahrh.f. Min, 1875, 873). 

On the occurrence of lead as carhonate^ mljphide, &c., see the several compounds. 

Besilveration of Baw Lead . — The following method is described by Bozeau 
{Dingh^ol, J. ccxvi. 171). The lead is melted in a pot, skimmed, and then trans- 
ferred to a second pot, through the bottom of which steam is passed in a fine 
spray. The steam is blown in *wdth a pressure of 3 atmospheres, and to induce the 
crystallisation the surface of the bath is sprinkled with water. The oxides thereby 
formed are skimmed off, and the* .steam which has passed tln-ough the fused motal is 
condensed in chambers in which the portions of oxide carried with it are at the same 
time deposited. The melting pot is of course covered, and the load thrown against 
the cover must from time to time be removed. As soon as two-thirds of the lead bus 
crystallised out, the still fiuid residue, which is rich in silver, is made to flow through 
heated tubes into moulds in which it is cast into blocks each woigliing half a 
hundredweight. A fresh quantity of raw load is then run in from tlio first pot upon 
the crystalline mass in the second, and the operation proceeds as before. Lastly the 
lead crystals are fused in the pot itself, then cast into ingots, and sent into the 
market. 

At the St. Louis les Marseille works a jet of steam is used to stir the fused load 
during the Pattinson process. By this the copper is oxidised to black oxide, and 
antimony is carried away with the stream of vapour ; 16 tons of load are thus worked 
up in a time in which only 8 to 10 tons could be desilverised by hand labour. The 
desilverised lead is very soft, and contains only 2 grams of silver in 100 kilogram.s, 
whereas the raw lead contains from IGOO to 2000 grams of silver in 100 kilograms 
(Luce a. Bozan, Bingl, fol. Jr ccxiv. 238). 

At the Clyde Lead-works in Glasgow, a method of desilvoration, known as the 
Plach-Guillem process, is adopted. 18 tons of rich argontifei'ous lesid are melted, 

1 per cent, of zinc is added, the molten mass is left to cool, the crust of zinc containing 
the silver and other foreign metals is removed, and the lead sweated out in a small 
pot. The lead in the large pot is then treated with another \ per cent, of zinc in the 
same way. A third addition of ^ per cent, of zinc suffices to remove the greater part 
of the remaining silver, 6 dwts. being left in the lead per ton. This lead is then run 
into the refining pan, and the la.st traces of zinc are oxidised out. 

The zinc and silver alloy is heated in a plumbago crucible having a luted cover, 
and connected by a plumbago pipe with a cast-iron receiver. The zinc distils over, and 
is used again. The silver and lead alloy is then cupelled. 

All the oxide of lead formed in the operation is reduced in a slag hearth, the 
fumes being condensed in Johnstone’s patent condenser. The lead from the slag 
hearth, being very impure, has to be treated in a refining pan, by which the im- 
purities are removed. The purified lead is then desilverised as before. Lead by this 
process can be desilverised in thirty hours with a loss of 1|- per cent. ‘The market 
lead contains only *0015 per cent, of antimony, and *0004 per cent, of silver (E^i- 
gineering, 1876, September 15 ; Bingl. poL J. ecxxv. 67). 

See further, Boswag a. Geary {Chem, Cmtr. 1878, 367 ; Chem, Soc. J. xxxiv. 819); 
Kirchoff {Bingl. pol. J. ccxxviii. 265 ; Chem. Soc. J. xxxv. 761). On Keith’s method 
of desilveration by electrolysis, see Bingl, pol, J. ccxxx. 75, 328 ; Chem, Soc. J. xxxvi. 
288, 410. 

On the properties of pure lead, and the influence of foreign bodies on its proper- 
ties and technical utility, see G. Brigel (Beut. Chem. Ges. JBer. vi. 191 ; Bingl. pol. J, 
cevii. 490). 
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Sard lead may be prepared by fusing 5 parts of lead "witb 1 part antimony 
suipbide, or 2 parts of litharge with 1 part antimony sulphide. The regnli thus 
obtained consist of lead sulphide and lead antimonide (Bngei). 

The presence of bismuth in lead is said to be adTantageous in the preparation of 
white lead by the ordinary Dutch process, the bismuth when intimately mixed with 
the lead facilitating the oxidation. It often happens^ however, that the bismuth accu- 
mulates at particular parts of the lead plate, and then withstands oxidation for a 
considerable time, the plates exhibiting certain unoxidised portions of regular shape, 
the fractured surface of which is covered with a black coating of metallic bismuth. 
This effect is probably due to overheating of the lead in melting, the interior of the 
metal in casting then remaining fluid long enough to allow of the formation of an 
alloy of lead and bismuth (H, Endemann, Amer, Chemist^ vi. 457). 

Specific Gravity. — The specific gravity of pure lead has been determined by P. 
Schweizer (Amer. Chemist, vii. 174) with the following results : 

. (1.) 11-352 at 23^ = 11-345 at 4° 

(2.) 11-366 „ 23° = 11-358 „ 

(3.) 11-366 „ 18° = 11‘356 „ 

Specimen 1 was taken from the end, 2 and 3 from the middle of an ingot. 

Reactions. — 1. "With Water and Saline Solutions. According to L. Bess- 
nou {Compt. rend. Ixxviii. 322), the deposit formed by the action of distilled water 
and of rain-water on lead and alloys of lead and tin, consists, not of lead carbonate as 
hitherto supposed, but of a compound containing ammonia, easily recognised on heating 
the deposit. This result is due to an electrochemical action, whereby ammonia is 
formed from the elements of air and water. 

May 6 n 9 on a. Bergeret [ibid. 484) find that lead is attacked by all waters, hard as 
well as soft, a certain quantity of the lead dissolving in the water. According to 
their experiments, hydrogen sulphide will not detect extremely small quantities of 
lead in water, because lead sulphide, either precipitated or native, is soluble in soft 
water, and even in water saturated with hydrogen sulphide. If, however, an electric 
current be passed through a water containing lead, through which hydrogen sulphide 
has been passed, metallic lead will be deposited on the platinum wire forming the 
negative electrode. In this way it has been found that lead is dissolved even by 
highly calcareous waters, and that it is present in all waters which have passed 
through lead pipes. The quantity thus dissolved is however too small to exert any 
deleterious action. 

G. Bischof {Chem. Soc. J. xxxi. 428) observed that a leaden pipe containing 1-7 
per cent, antimony, which passed into a cistern where it was exposed to the alternate 
action of air and water, according to the variation of the level, became coated 
with a crust of lead carbonate containing about 4 per cent, of sulphate, whereas 
a pipe of pure lead exposed to similar influences remained uncorroded. This result 
shows the danger of using impure lead for the construction of water pipes. 

According to Balard {ibid. 392), lead is oxidised in contact with water containing 
air ; but if the water contains any salt capable of forming an insoluble compound 
with this oxide, such a salt will he formed, and the lead wiU become covered with a 
closely adhering crust which stops all further action. If, on the contrary, no sucsh 
salt is present, the action will go on without interruption. 

According to Bobierre and Belgrand (CoTTipjJ. Ixxviii. 317), lead pipes con- 
stantly filled with drinking water are not attacked by it. Distilled water, holding in 
solution calcium sulphate or bicarbonate, or sodium phosphate, borate, carbonate, or 
bicarbonate, does not act on lead, whereas potassium nitrate, calcium chloride, barium 
chloride, sodium acetate, and sodium formate do not interfere with the action of dis- 
tilled water on lead. 

The following observations on the influence of various salts on the solvent action 
of water on lead, have been made by M. M. P. Muir (Chem. Rews, xxxiii. 102, 125, 
145; xxxiv. 223, 234). Nitrates when alone, even when present in small quantity 
only, increase the solubility of lead in water to a very considerable extent. The 
presence of other salts, however, such as sulphates, carbonates, and chlorides, greatly 
diminishes this solvent influence of the nitrates, and sometimes destroys it altogether; 
the action of carbonates in this way is especially favourable. Sulyihates, carbonates, 
and chlorides, added to distilled water, likewise diminish its solvent action on lead, a 
small quantity of either of these salts producing even a better effect than a larger 
quantity. In presence of those salts which exert a retarding action, the quantity of 
lead dissolved scarcely ’exhibits any further increase after the lapse of twenty-four 
hours, whereas in the case of salts which, like the nitrate, increase the solubility, the 
amount dissolved increases continuously with the duration of the action. Water 
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saturated with carbonic acid under ordinary pressure does not exert much solvent 
action on lead, but water saturated with carbonic acid under a pressure of G atmo- 
spheres dissolves lead in considerable quantity. The solubility is not increased by 
the presence of a small quantity of ammonium nitrate, and potassium carbonate 
exerts a retarding influence in this case also ; but the quantity of lead dissolved is 
still so considerable as to render such water unfit for drinking. 

The precipitate formed on the surface of exposed lead, or deposited at the bottom 
of the vessels, consists of hydrated basic lead carbonate, 2PbOO'*.Pb(OH)2. The 
solubility of this salt in the saline solution is increased when access of air is pre- 
vented ; addition of carbonic acid increases the solubility. A solution of potassium 
carbonate does not exert any solvent action on lead hydrocarbonate. The action of 
the air gives rise to a slow separation of the dissolved hydrocarbonate, which is 
slowest from the solution in ammonium nitrate. The order of solubility of lead 
hydrocarbonate in various saline solutions, agrees nearly with that of metallic lead in 
the same liquids. The following table shows the numerical results, which, however, 
must be regarded as only approximate. 


Solubility of Lead Hy*drocaTbonate, 2PbCO®.Pb(OH)2, in mrious dilute 
Saline Solutions at ordinary temperatures. 


Solution. 

Ammonium sulphate . 
Potassium nitrate . 
Calcium chloride . 
Ammonium nitrate 
Water saturated with 00^ 


Solubility of lead salt. 


G-rauis of 
salt 

lExperiments carried 

h — 

Experiments in ' 

per litre. 

out in corked flasks. 


beakers. 

, 0-20 

1 part in 

32,000 

1 part in 43,000 

, 0-20 

1 » 

26,000 

1 

„ 43,000 

„ 26,000 

. 0-20 

1 „ 

23,000 

1 

. 0*20 

1 „ 

4,600 

1 

„ 26,000 


1 » 

4.300 

1 

„ 4,300 


(Muir, OJmn. Soo. J. xxxi. 660). 

On the action of potable waters and of saline solutions on load, see also Pordos 
\Gompt. rendAx.'s.'m. Chem. Soc. J. xxvii. 232; Compt. rend. Ixxviii. 1108; 

Chem. Soo. J. xxvii. 872'; Jahrcsh.f. Cheon. 1874, 278). 

According to J. Merrick (Amer. Che^nisi, iv. 289) lead is strongly acted upon by 
oil of turpentme. 

On the action of nitric acid on lead, see ISTiteic acid. 

fiction of Lead. — H. B. Cornwall {Chem. News, xxxiv. 27) recommends for 
this purpose the use of v.^ Kobell’s test for bismuth, which consists in heating the 
substance under examination on charcoal, with a mixture of sulphur and potassium 
iodide (vii. 190), whereby a yellow sublimate of lead iodide is obtained. The 
great volatility of this compound renders it possible to detect load by this reaction, 
even in presence of bismuth and other metals. 

^ E. Klingelhdffer (JV. Jahrb. Pharm. xxxix. 86) has observed the presence of lead 
m many commercial samples of tartaric acid. To detect it, the acid must be neutral- 
ised mth ammonia before precipitating with hydrogen sulphide. 

P^^sence of lead in tinned vessels may be detected by la 3 dng on the 
niekest part of the tinning a drop ot nitric acid, removing the acid by gentle heating, 
an alter the metal has cooled, laying on the pulverulent spot a small quantity of 
a yunte solution of potassium iodide. This solution is without action on stannic 
0 X 1 e, but It acts on lead nitrate, producing a yellow precipitate of lead iodide. 

e reaction is very delicate, giving a distinct yellow coloration even with only 1 per 
cen . of lead (Pordos, Bull. Soc. CUm. [2], xxiii. 346). With regard to this method, 
rt nauer observes that the nitric acid cannot be completely expelled by mere 
warming, and that consequently tin even quite free from lead will, when treated as 
^ ^ more or less distinct yellow coloration due to iodine separated by the 
® \ remaining acid. He therefore recommends that, previous to the addition of the 
po assium iodide solution, the spot be wetted with a very weak solution of potash. A 
simx ar pro(^ss for the detection of lead in tinned vessels is given by A. Bobierre 
i^oompt. rend. Ixxx. 961), who, however, uses glacial acetic acid instead of nitric acid, 
n 1* By Electrolysis. — Lead may be precipitated electrolytically in 

u ^ operating on solutions, preferably alkaline, 

fVi * phosphoric and tartaric acids. The presence of acetic acid tends to keep 
tne positive pole free from peroxide (Parodi a. Mascazzini, ohwi. ital. vii. 222). 
oee also Kiche {Compt. rend. Ixxxv. 226). 

estimated as iodate in the absence of hydrochloric 
ui/, 1 f "^^^e,hne chlorides, bromides, or iodides, lead iodate being much less soluble in 
0 loi even than the sulphate. The lead iodate may be weighed, or it may be pre- 
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cipitated with a standard solution of iodie acid, the excess of which is estimated in 
the filtrate. The iodate solution must he standardised by means of a solution of pure 
lead nitrate. Hydrochloric acid rapidly dissolves lead iodate (0. Cameron, Gkem. 
NewSf xxviii. 145). 

Voliimetrie Estimation by Chromio Acid. — The lead salt dissolved in water is 
mixed with a little acetic acid, and excess of a standard chromate solution containing 
14-761 grams of potassium diehromate per litre; the lead chromate is filtered off, and 
the excess of potassium dichromate is determined by acidulating with hydrochloric 
acid, and running in a solution of stannous chloride till the chromic acid is nearly 
but not entirely reduced. A few drops of starch paste and potassium iodide are then 
added, and stannous chloride cautiously poured in till the blue colour of the iodide of 
starch disappears (0. W. Hinman, Am. J. Bci. [3], xiv. 478). Pellet {Bull. Bog. Chim. 
[2], xxii. 246) adopts a similar process, but estimates the excess of dichromate by 
addition of a ferrous salt and titration with permanganate. 

Estimation of traces of Lead in Waters. — ^The colorimetric estimation of traces of 
lead in waters^by passing hydrogen sulphide into the liquid yields very low results in 
presence of fr^ hydrochloric or even of free acetic acid ; indeed, traces of lead are 
frequently not converted into sulphide at all under these conditions. G. Bischof 
modifies the process by dissolving the water-residue, after it has been gently ignited, 
in as little hydrochloric acid as possible, filtering, and passing hydrogen sulphide for 
a short time through the filtrate and washings. The liquid is then mixed with a slight 
excess of ammonia, and again with excess of pure hydrochloric .acid. The formation 
of ammonium sulphide in the liquid secures the eonversiou of all the lead present 
into sulphide, which then remains unchanged on again acidifying. In some cases it 
is preferable to unite the lead sulphide precipitate into lumps by shaking the liquid ; 
filter this off ; dissolve it in pure strong hydrochloric acid ; and reprecipitate it as 
described above for the colorimetric estimation. This proceeding has the advantage 
of distinguishing lead sulphide from copper sulphide, the latter not dissolving in 
strong cold hydrochloric acid at all. The standard solution used for comparison is 
diluted if necessary in the test-glass until its colour intensity is the same as that of 
the test sample. Shaking of the solution after passing the hydrogen sulphide must be 
avoided, as the colour intensity is apt to be altered by the precipitate uniting into 
flakes {Zeitschr^ anal. Chem. 1879, 73). 

Assay of Lead Ores. — The following method is described by Mascazzini {JDingl. yol, 
J. ccvii. 46). Pure ores are reduced with zinc and hydrochloric acid, ^ and the 
metallic lead, after being separated by washing, is fused with an appropriate flux. 
Impure ores, containing zinc blende, copper pyrites, or iron pyrites, must first be 
gradually heated to redness with ammonium sulphate in order to convert the sulphides 
into sulphates. On subsequent treatment with sulphuric and hydrochloric acid, the lead 
remains as sulphate, the silver as chloride, and these compounds may he reduced with 
zinc, and the metals fused as above described. As a flux for fusing the spongy lead, 
Mascazzini recommends that proposed by Piattner, viz. 13 parts potassium carbonate, 
10 sodium carbonate, 5 fused borax, and 5 dry starch. .The same process may serve 
for the assay of lead ores rich in gold and silver, and, with certain modifications, for 
the valuation of antimony, tin, and copper ores. 

To give greater exactness to the estimation of lead in sulphuretted ores, J. Lowe 
(Binyl. pol. J. ccix. 139), after treating the ore with nitric acid, whereby a residue is 
left containing more or less lead sulphate, exhausts this residue further with sodium 
thiosulphate, precipitates the lead thereby dissolved with hydrogen sulphide or 
ammonium sulphide, and converts the precipitated lead sulphide into sulphate. The 
amount of lead calcnlated therefrom is then added to the principal quantity contained 
in th(i nitric acid solution. 

According to F. Mohr {Zeitschr. anal. CJiem. 1873, 142) the decomposition of 
galena which Storer effects by the action of hydrochloric acid and zinc (yii. 
727), may also be effected by the use of hydrochloric acid alone ; and the separation 
of the lead in the metallic state, according to Storer’s method, may take place even 
when the zinc is not in direct contact with the lead sulphide. The weighing of the 
lead in the metallic state is less exact, according to Mohr, than its estimation as 
sulphate or as oxalate, .which latter salt is quite insoluble in excess of oxalic acid, 
and may be titrated with permanganate. 

When galena is triturated with a solution of acid potassium sulphate, a brisk 
evolution of hydrogen sulphide takes place, whereas other sulphuretted minerals, 
with the exception of zinc-blende, do not exhibit this reaction. Acid potassium 
sulphate may therefore serve as a test for the recognition, of galena in mixed ores 
( Jannettaz, Compt. rend. Ixxvii. 838). 

Xiead Alloys. 1. With Antimony. The action of hydrochloric acid on alloys 

VoL. VIII. 4 G 
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of lead and antimony has been examined by H.V. d. Planitz {Bent. Chm. Gcs Ber. yii. 
1664). The alloys used in the experiments were formed by melting very soft lead with 
ouantities of 'antimony such that the alloys contained O’S, 1> 2, 5j 10 and 20 per 
cent, of antimony. They were cast in the form of rectangular plates, 6 c.m. long, 2*5 
broad, and 0*25 thick. In one series of experiments the plates were completely immersed 
in the acid, in another series only partially, so that they were partly in contact with 
the air. As soon as these plates were immersed in pure strong hydrochloric^ acid, 
evolution of gas began, slow with pure lead, quicker with the alloys in proportion to 
the quantity of antimony contained in thorn. The hydrogen evolved in the action 
of the acid on antimonietted lead contained hydrogen antimonide. After the action 
had continued for eight to fourteen days, a split showed itself on each edge of the 
plate and continually grew wider, and from the four narrowest faces of the plate four 
prisms separated, this effect in the case of the 20 per cent, alloy taking place after 
about 3 weeks. At the same time the rest of the alloy became considerably thicker, 
and altered in appearance, the surface becoming covered with shining scales of load 
chloride. If the plates were left in the acid still longer, they ultimately split in 
halves, in the direction of the cleavage-face passing through the edgj^s which were 
formed by the division of the prisms in the middle of the thickness of the original 
plates. In the alloy richest in antimony this division took place a week after the 
separation of the prisms. The plates had become rotten and even friable, and were 
penetrated throughout by chloride of lead. The same series of changes took place in 
the less highly antimonietted alloys, but more slowly, and in pure lead the action was 
scarcely perceptible. When, however, the plates were partly in contact with the air, 
the formation of lead chloride was facilitated, and a commencement of division was 
distinctly observed after some months, even in the case of pure lead. 

2. With Bismuth. A case of spontaneous decomposition in an alloy of lead and 
bismuth is described by A. Vogel (A. I^ep. ’Pharin. xxii. 471). ^ Some castings of this 
alloy, of dark, nearly black colour, wore covered on some points with excrescences 
due to oxidation, and on others the alteration had proceeded so far that the metal 
could be rubbed to a coarse powder between the lingers. At the same time the 
casting had lost its flat shape, and was curved to one side. The fresh fracture, when 
examined under the microscope, exhibited a grey colour, dotted here and there with 
metallically lustrous spangles. In every case the decomposition had commenced at 
one point, and spread therefrom as a centre through the entire mass. The analysis 
of three of these castings gave: (1). Lead 66, bismuth 34; (2). Load 86, bismuth 
14 ; (3). Lead 88, bismuth 12. The powder dissolved partially (20 to 30 per cent.) in 
acetic acid, with brisk evolution of carbon dioxide, yielding a solution containing 
bismuth as well as lead. The decomposition may perhaps bo attributed to the well 
known tendency of bismuth to assume the crystalline form. 

On the action of Water on Alloys of Lead and Tin, see p. 1167. 

On Lead-amalgam. See Mercury. 

Xiead Cbloride, PbCP. Koscoe (Ber, xi. 1196) has determined the vapour- 
density of this compound by heating it to bright redness in a long-necked porcelain 
globe. The following results were obtained : 

Temperature .... 1046® 1089® 1077® 1070® 

Specific, gravity of vapour . , 9*12 9*72 9*51 9*54 

showing that the molecular formula of the compound is PbOP, which gives for tne 
calculated vapour-density the number 9*62. 

Formation of Horn-lead in Historic Times. — This mineral has been found at 
Bourbonne-les-Bains, in prismatic crystals and thick crusts, coating two leaden pipes 
of Bcman workmanship. ' One of these pipes is internally corroded even to perfora- 
tion ; the other encloses a bronze pipe — doubtless a repair rendered necessary by the 
corrosion of the latter. The bronze is coated on the inside with a layer of atacamite. 
Outside the crust of horn-lead is a coating of galena mixed with gypsum (Daubr4e, 
Compt. rend. Ixxxi. 182). 

Oxy salts. Carbonate. — On the occurrence and crystalline form of the native 
carbonate, see Cerussite ('p. 425). On the formation of the crystallised carbonate 
on some objects found at Pompeii, and on the solubility of the salt in ammonium 
butyrate, • see Carbonates (p. 412). On the decomposition of lead carbonate by 
sodium oxalate and of lead oxalate by sodium carbonate, see Carbonates (p. 410). 

On the Preparation of White Lead, see K. v. Weise {Lingl. pol. J. ccviii. 434 ; 
Chem. 8oc. Jour. xxvi. 1268) ; Wittstein {Bingl ccxii. 223 ; Jahresh. /. Chem, 1874, 
1119) ; W. Hampe {Am. Chem. v. 241; Jahresb.f. Chem. 1875, 1074). 

A a zie.— Crystals of lead sulphate (anglesite) from the White Rose vein of 
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the Eleonora Mine at Langenstriegis in Saxony, are described by A. Frenze] {Jahrh. f, 
Min. 1874, 684). They occur in three types: horizontally prismatic (i^co • 
pyramidal (P . 2P, sometimes also oo P), and upright prismatic (oo P . oo P2 . so P co . 
P CO . OP). Crystals of angles! te -^th numerous faces from the Hiittenberg mining 
district in Carinthia are described by v. Zepharovich (FerA. geoL Beichsmst. 1875, 75). 

Siil'phaio-carhonate. — According to Laspeyres there are two distinct native sulphato- 
carbonates of lead, one anhydrous (leadhillite), the other hydrated (maxite) : see vii. 
732, 782 ; also Maxite in this volume. Bertrand, on the other hand, regards maxite, not 
as a distinct mineral species, but as leadhillite altered by the action of water; and 
later experiments by C. Hinze {Pogg. Ann. clii. 256 ; Jahrh. f. Min. 1874, 974) point 
to the conclusion that the two minerals are identical, their composition being represented 
by the formula 2PbS0h4PbC0®.2H20. Both minerals when heated give off no water 
at 100° and only about OT per cent, at 200° ; by prolonged heating, however, the 
following quantities of water — substantially the same for both — were obtained : 

in. 5h. 10 h. 15 h. 20 h. 

Leadhillite (Scciland) . . 0-489 0*848 0-978 1-346 1*735 

Maxite (Sardinia) . . 0-445 0*850 0*966 1*353 1*739 

The optical characters were also found to be identical. An analysis of maxite 
gave the values A, agreeing very nearly with those calculated from the formula above 
given, B : 



PbO 

SO“ 

00= 

H=0 


Sp. gr. 

A. 

80*80 

8*17 

9*18 

2*00 = 

100*15 

6-547 at 18-9° 

B. 

80*76 

8*27 

9*11 

1*86 = 

100 



Tellur ate of Lead. See Tellueium. 

StapMde, PbS. On the occurrence of galena in rods (so-called Bohrenerse) at 
Eaibl, see Posepny {Jahvesh.f. Qhem. 1873, 1146). On the crystallography of galena, 
see Sadefaeck (Zeitseh. geol. Ges. xxvi. 617 ; Jahrb.f. Min. 1875, 86). On the occur- 
rence of galena together with lead sulphate as an incrustation at Bourbonne-les-Bains, 
see p. 1170. On the decomposition of galena by zinc and hydrochloric acid, and by 
acid potassium sulphate, see p. 1169. 

CRlTSTAXiS. See Niteostjlpeokic Acid. 

XiBABHXXiXiZTS!. {vid. sup.) 

XiBAVES. See Plants. 

ZiECAlirOBA. The ethereal extract of Lecanora aira, collected in the neighbour- 
hood of Palermo, yielded, on evaporation, a crystalline mass mixed with a soft brown 
resin, easily removed by washing with cold ether. The crystals are a mixture of two 
acids, which were separated by means of chloroform ; one (airanorio acid) is colourless, 
and but slightly soluble in cold chloroform ; whilst the other, which is yellow, is very 
soluble. 

Atranoric acid crystallises from chloroform in small, colourless, transparent prisms, 
which melt at 190°, and are but very slightly soluble in cold alcohol or ether; it is 
moderately soluble in boiling chloroform. The results of its analysis correspond 
closely with the formula It has feeble acid characters, although it does 

not a&ct litmus, dissolving in alkaline solutions, and being reprecipitated by acids. 
Boiled with aniline and alcohol, it yields a compound crystallising in lustrous yellow 
needles, which melt at 156°. Heated with alcohol at 150°, it is converted into a 
crystalline substance, very soluble in alcohol. It forms long needles, which melt at 
115° 

The yellow acid accompanying atranoric acid in this lichen, closely resembles 
usnic acid in appearance, general characters, and behaviour with solvents, but melts 
at 175°, whilst usnic acid melts at 195°-197°. Heated with alcohol to 150°, it yields 
a substance crystallising in slender needles, and melting at 175° just like the decarb- 
usnic acid obtained from usnic acid by this process. With aniline and alcohol it 
also behaves like usnic acid. The product of the dry distillation of the acid, when 
extracted with water and filtered from tar, gives a yellow colour with ammonia and 
potash, brown with ferric chloride, and deep red with sodic hypochlorite. Usnic acid 
(from Zeora ^ordida) gives results almost identical. This would tend to show that 
the acid is merely usnic acid whose melting point is lowered by the presence of some 
impurity in small quantity ; the results of the analysis ^ve carbon about 0*5 per cent, 
lower than that required by the formula C’®H*®0’'. It is perhaps the betausnie acid 
of Hesse ; and the cladonic acid of Stenhouse, extracted from Cladonia mngiferina, 
may be merely impure usnic acid (Paternb a. Oglialoro, Gazs. chem. ital. 1877, 189). 
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LEDUM OIL— LBONHAEDITE. 


ZiBBUAX Ollii The volatile oil of the Marsh Wild Eosemary {Ledum ;palustre\ 
when recently prepared, is yellowish, viscid, lighter than water, and has a pungent 
odour. When exposed to the air, the greater part of it solidifies to a crystalline 
mass soluble in alcohol. The fresh oil, when kept in closed vessels, gradually becomes 
thicker and finally solidifies to a gelatinous mass, which dissolves in alcohol and ether, 
and solidifies in large prisms when the solvent is evaporated. Chlorine, bromine, 
and iodine act strongly on the solidified oil {Ledum camphor) ; sulphuric acid dissolves 
it, forming a colourless liquid which is turned violet by nitric acid. The analysis of 
Ledum camphor leads to the formula (J. Trapp, Russ, Zeitsckr. Rharm. 

1874, 289; compare iii. 567). 

N. Iwanow {ibid, 1876, 577) prepared Ledum oil from the plant growing in the 
neighbourhood of St. Petersburg, by distillation with water. The largest yield, con- 
sisting of a white crystalline mass saturated with oil, was obtained from the leaves 
and young twigs before flowering. By repeated crystallisation from alcohol, colourless 
prisms were obtained, having a faint odour, insoluble in water, but easily soluble in 
alcohol, ether, chloroform, and benzene ; they melt at 101° to a liqu^ which boils at 
174° ; their alcoholic solution is dextrogyrate. Their analysis led to the formula 
The oil which remained in the alcoholic mother-liquor yielded, on prolonged 
standing, another crop of crystals ; the rest of the oil was not further examined. 
The aqueous distillate of the plant yielded, on agitation with ether, a mobile, yellowish- 
red, fragrant oil having the composition 

X.£GtrMZ»r. See Peoteids. 

XXSGXnvcxiffOSJE:. On the detection of the flour of leguminous seeds in wheat- 
flour, see p. 792. 

XiBMOir- JUICE. Adulteration with Nitric Acid. — This acid, which has recently 
come into use as an adulterant of lemon-juice, to increase its acidity, converts the 
citric acid of the juice, wholly or partially, during the process of concentration by 
heat, into oxalic, acetic, and carbonic acids, so that, on neutralising tho juice with 
milk of lime, there is obtained, instead of citrate, a mixture of oxalate, acetate, and 
carbonate of calcium. The nitric acid may be detected by adding to a small quantity 
of the juice in a test-tube, an aqueous solution of ferrous chloride strongly acidulated 
with pure hydrochloric acid and quite free from ferric salt ; boiling the liquid for a 
few minutes ; and testing it with potassium thiocyanate dissolved in water. If the 
liquid contains nitric acid, it will be coloured more or less deeply red, according to 
the quantity of ferric thiocyanate thus produced. 

This process succeeds equally well if the juice likewise contains common salt, 
sulphuric acid, or tartaric acid. To apply it to boiled lemon-juice, the juice must be 
diluted with water in order that the colour produced by the thiocyanate may bo 
distinctly visible (Scribani, Gass. ohim. ital, 1878, 284). 

On the estimation of Citric Acid in Lemon-juice, see Citeic Acid (p. 507). 

XiEntOlO'-OXXi. See Tebpenes. 

iDEOSTHiiXtBXTZ: (iii. 571). Crystals of this mineral from Floitenthal are 
described by Brezina {Jahrh. f. Min. 1877, 644) ; they are from 1 to 4 cm. long, and 
exhibit the combination co P . OP. They have been analysed by A. Smita {ibid. 1878, 
81), who found for the ignited substance the values given under A, agreeing nearly 
with the formula, GaAP§i‘0*2 or CaO.APO''*.4SiO^ ; (B) and for tho substance heated 
over sulphuric acid till its weight became constant, the values C, loading to the 
formula H^CaAl^Si^O^^ or Ca0.A120».4Si0^3H-0 (D): 



SiO=» 

AW 

CaO 

H"0 

A found . 

. 60-15 

26-91 

14-19 

— ==» 100-25 

B calc. . 

. 60-18 

25-78 

14-04 

— == 100 

0 found . 

. 52-92 

22-44 

12-23 

12-38 == 99-97 

D calc. . 

. 53-00 

22-70 

12-37 

11-93 = 100 


Eammelsberg regards leonhardite as a laumontite (iii. 472) which has lost a 
molecule of water, and this view is confirmed by the experiments of Smita. Laumontite 
has the composition H'^CaAl^SiO^'* + 2aq., and of its two molecules of crystallisation- 
water, one is given oflf slowly in dry air at ordinary temperatures, quickly at 100°, 
while the second requires a heat of 800° to expel it. The remainder of the water 
(2H20) is given off only at a red heat, and must be regarded as so-called water of 
constitution. Leonhardite is a laumontite which has lost about half the first molecule 
of crystallisation-water belonging to the latter, and therefore contains a quantity of 
water rather greater than that required by the formula H®CaAPSi'^0^° or 
H^CaAl'Si^O^^ + aq., which, however, correctly represents its composition after it has 
been exposed for some time to dry air, or heated to 100®. 
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XiBPXBXXr, 0-®H2®0 (also called Lepidene). This compound, discovered by 
Zinin in 1867, is formed, together with dibenzyl and an oily body, by heating benzoin 
with fuming hydrochloric acid, and is separated from the other products by its sparing 
solubility in alcohol and ether. It crystallises from alcohol or acetic acid in feathery 
or laminar groups of fiat needles, melts at a little above 175°, and bods at 220°. It 
is insoluble in water, soluble in 170 pts. of boiling alcohol, nearly insoluble in cold 
alcohol, soluble in .38 pts. of boiling and 92 pts. of cold ether, in 28 pts. of boiling 
and .500 pts. of cold glacial acetic acid (vi. 780). According to a later determination 
by Zinin {Bull, Soc. Chhn. [2], xxv. 292) it dissolves at the boiling heat in 16 pts. 
of acetic acid of sp. gr. I’06o9. 

Blbromolepidin, obtained by adding bromine to lepidin dissolved 

in acetic acid, forms needle-shaped crystals melting at 190° (vi. 781). 

Cblorolepidins. The action of chlorine on lepidin dissolved in acetic acid is 
different from that of bromine, giving rise not to dichlorolepidin, but to needle- 
shaped ozylepii^n (infra). 

Dichlorolepidin, C^H^^CPO, is known in two modifications : (a). Lepidin heated 
with an equal weight of phosphorus pentaehloride till all excess of the latter is dis- 
tilled off, is converted into a resin, the solution of which in ether or in boiling acetic 
acid deposits crystals having the composition of dichlorolepidin, soluble in 66 parts of 
boiling alcohol, and melting at 169°. (j8). The sparingly soluble modification of 
dichloroxylepidin (infra), boiled with zinc and acetic acid, dissolves readily, forming 
a solution which, when poured into water, yields a curdy precipitate, consisting of a 
mixture of two substances, one easily soluble in ether, the other insoluble ; and on 
evaporating the solution obtained by treating this precipitate with ether, and recrys- 
tallising the residue from acetic acid, or better from alcohol, long, rather thick, white 
needles are obtained, consisting of an isomeric dichlorolepidin, which dissolves in 12*5 
parts of boiling acetic acid, in 174 parts of boiling alcohol, and melts at 166° (Zinin, 
Deut, Chem. Ges. Ber, v. 1104'; N. Betersb. Acad. Bull. xx. 647). 

The higher chlorolepidins are obtained by heating oxylepidin in sealed tubes with 
pentaehloride or oxychloride of phosphorus. C“®H^^CPO forms white crystals melting 
at 186°. and C-®H^-01®0 are amorphous, the former melting at 80°-90°, 

the latter softening at 70° and melting at 97° (vi. 781). 

Oxylepidin, formed by the action of nitric acid on a boiling solution 

of lepidin in glacial acetic acid, was originally obtained in yellow needles melting 
at 220° (vi. 781). Subsequent experiments by Zinin (Deut. Chem. Ges. Ber. v. 
1104) have shown that it is susceptible of three modifications. When the compound 
obtained in the manner just mentioned is heated to 340° (slight evolution of gas 
then taking place), it solidifies on cooling to a resinous mass which dissolves in 8 to 
10 parts of ether, and the solution yields on evaporation three kinds of crystals, 
viz. tablets, short four-sided prisms, and microscopic octohedrons. 

Tabular oxylepidin crystallises in rhombs sometimes 10 mm. long. It dissolves 
in 4' 5 parts of boiling alcohol of 95 per cent., and the solution may be concentrated to 
the strength of 1 in 45, whereupon the liquid boils up and solidifies completely. This 
variety of oxylepidin dissolves in 1 part of acetic acid. It may be heated to 130° 
without loss of weight, melts at 136°, and solidifies to an amorphous resin. Zinc 
does not act on its solution in acetic acid. When 20 grams of tabular oxylepidin are 
dissolved in a solution of 5 grams of potassium hydroxide in 40 grams of alcohol, a 
potassium salt is formed belonging to an acid which is insoluble in water, 

but dissolves in 3*5 parts of boiling alcohol, readily in ether, and separates from the 
boiling solutions of its salts, on acidulation, in the form of a soft resin. This acid 
crystallises in four-sided prisms or in hemispherical groups, and melts at 196°, with 
loss of water, leaving a residue of tabular oxylepidin (Zinin, Ber. v. 1 1 04). 

Octohedral oxylepidin, besides being formed, together with the other two modifica- 
tions, in the manner above mentioned, is likewise produced by boiling the needle- 
shaped variety with alcoholic potash or soda. To prepare it, 20 parts of needle- 
shaped oxylepidin are heated in a reflux apparatus with 300 parts of 95 per cent, 
alcohol and about 15 parts caustic soda, till the crystalline mass, which has become 
granular, no longer exhibits any needles when examined by the microscope (12 to 15 
hours). Should the liquid, which is usually light yellow, assume a dark brown colour 
during the boiling, it must be poured off from the deposit, and the latter, after wash- 
ing with alcohol, boiled with a fresh portion of alcoholic soda solution. 20 grams of 
needle-shaped oxylepidin yield about 15 grams of the octohedral modification, which 
may be purified by washing with alcohol, water, and ether, and recrystallisation from- 
acetic acid.' Octohedral oxylepidin is very slightly soluble in boiling alcohol, and 
dissolves in 76 parts of boiling acetic acid. It melts at 232° to a liquid, which 
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solidifies again in the crystalline form at 200°. It is not acted on by boiling alcoholic 
potash. 

By dry distillation all the three oxylepidins are converted into a body which may 
be purified by washing with a small quantity of other, treatment with alcoholic 
potash, and recrystallisation from'salcohoL This substance dissolves in 18 parts of 
boiling and 266 parts of cold 95 per cent, alcohol, and crystallises in four-sided plates 
which may bo heated to 130° without loss of weight, and melt at 150°. ^ It agrees 
in composition with the formula and is therefore isomoric with Icpidin. 

Biftromoxylepidlin, C-®H’®B^“0^ is known in four modifications. One of them, 
which crystallises in needles, is obtained by adding bromine in excess, but by small 
portions, to a boiling solution of needle-shaped oxylepidin in glacial acetic acid. An- 
other modification is produced by treating needle-shaped oxylepidin with bromine not 
in excess, also by the action of nitric acid on dibromolepidin dissolved, in glacial acetic 
acii It melts at 222°, dissolves in 40 parts of boiling acetic acid, and separates 
therefrom on cooling in the form of a radiate crystalline mass.^ Wh^^n heated above 
its melting point, it is converted into a resinous substance, easily separable into two 
dibromoxylepidins isomeric with the preceding, and analogous to the two dichlor oxy- 
lepidins produced in a similar manner ''(infra). One of them is very sparingly 
soluble, whilst the other is a resinous substance easily soluble in alcohol, ether, and 
glacial acetic acid, and converted by alcoholic potash into dibromoxylepidinic 
acid, which is monobasic, dissolves in boiling acetic acid, and crystallises therefrom 
on cooling in six-sided laminae. 

The sparingly soluble modification is also produced by heating needle-shaped 
dibromoxylepidin with a quantity of alcoholic potash not suffieiont to dissolve it 
completely: it is nearly insoluble in other; a mixture of 66 parts acetic acid and 
1000 parts boiling alcohol of 95 per cent, dissolves it partially, and the solution on 
cooling deposits it in rather thick, lemon-yellow rhombic platos, which melt at 239°, 
and are converted at a higher temperature into the resinous modification. Needle- 
shaped dibromoxylepidin, or its sparingly soluble isomerido, dissolved in 12 parts of 
acetic acid and subjected to the action of zinc, is converted into a mixture of di- 
bromolepidin (m. p. 190°) and hydrodibromoxylepidin, which 

may be separated by precipitating them with water, drying the crude mass, and 
treating it with ether in which the dibromolepidin is very easily soluble. Needle- 
shaped dibromoxylepidin moistened with alcohol and treated with sodium-amalgam, 
and the sparingly soluble modification subjected to the action of zinc and acetic acid, 
behave like the corresponding dichloroxylepidins when similarly treated (Zinin, iV. 
JPetersb. Bull, xxi. 66). 

Cbloroxylepldins. Monochloroxylcpidini C-TO^’CIO^, is formed by heat- 
ing 2 parts tabular oxylepidin, 2 parts phosphorus pentachloride, and 1 part phosphorus 
oxychloride to 180°~-200° for 12 hours, and remains, on treating the product with 
water and 4 or 5 vols. ether, as a white powder, which, after crystallisation from 
boiling acetic acid (1 part dissolving in 22*8 parts of the acid), resembles tetracbloro- 
benzile in appearance and solubility. It melts wdthout loss of weight at 185° (Zinin, 
Ber. T. 1104). 

Dichlor oxylepidin, like the corresponding bromine-compound, is 

known in several modifi-cations. One of these is prepared by heating 1 part lepidin 
with* 4 or 5 parts phosphorus pentachloride to 115°-120° till the whole is dissolved, 
peuring the hot product, which solidifies on cooling, into water, and "washing the 
precipitate with ether; also by the action of oxidising agents on needle-shaped 
dichlorolepidin. It forms small needles, which melt without loss of weight at 20'2°, 
and dissolves in 90 parts boiling other, in 13-7 parts boiling and 146 parts cold acetic 
acid (Zinin, loo. cit .) ; according to a later determination (N, Petersb. Acad. Bull. xxi. 
66) it dissolves in 10-8 parts boiling acetic acid of sp. gr. 1-0659. When dissolved in 
acetic acid (1 part in 7) and boiled with zinc, it is converted into a mixture of di- 
chlorolepidin (60 per cent.) and hydrodichloroxylepidin, (15 

per cent.), separable by ether, in which dichlorolepidin dissolves with great facility. 

When this needle-shaped dichloroxylepidin is heated nearly to its boiling point, it 
is converted into two isomeric modifications, one of which is very soluble in alcohol, 
ether, and acetic acid, separates from its solutions in the form of a soft resin, and 
reacts with alcoholic potash, similarly to tabular oxylepidin (p. 1173), yielding a mono- 
basic acid, viz. dichloroxylepidinie acid, (p. 1175). The portion of 

the overheated dichloroxylepidin which is insoluble in other (3 to 4 per cent, of the 
whole) is also a dichloroxylepidin, and is analogous in its characters to octohedral 
oxylepidin. When heated to commencing ebullition, it is converted into the easily 
soluble modification which yields dichloroxylepidinie acid. This modification, called 
by Zinin ‘ sparingly soluble dichloroxylepidin/ is also produced in largo quantity by 
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the action of alcoholic potash or soda on needle-shaped dichloroxylepidin* To prepare 
it, a mixture of 20 grams needle shaped dichloroxylepidin, 200 alcohol and 15 sodium 
hydroxide is heated (for 20 to 24 hours) till the sediment, when examined by the 
microscope, appears free from needle-shaped dichloroxylepidin ; the product amounts 
to 16 grams. It forms a granular powder, the individual grains of which appear under 
the microscope as groups of short thick four-sided prisms. It melts at 230°, is nearly 
insoluble in alcohol and in ether, and dissolves in 36 parts of boiling acetic acid, the 
solution on cooling retaining only 2 per cent, of the substance. It is identical with 
the modification obtained in small quantity by the action of heat on needle-shaped 
dichloroxylepidin. 

Dichloroxylej^idinic acid^ — When dichloroxylepidin heated above its 

melting point is treated with ether and the ether left to evaporate, the remaining 
resinous mass dissolved in boiling alcohol containing a little caustic potash, 
the solution largely diluted with water, and the filtered liquid mixed with acetic acid, 
a yellowish r^sin is precipitated which becomes hard and brittle on cooling. On 
pulverising it* and adding a little acetic acid, the powder softens and partly dissolves, 
and suddenly there is formed a compact brittle mass, which is to be pulverised and 
washed with small quantities of cold acetic acid; the white mass which then remains 
is nearly pure dichloroxylepidinie acid. The crude resin, if treated with a sufficient 
quantity of acetic acid, readily dissolves, forming a solution which soon becomes 
turbid, and deposits a crystalline powder identical with that which is obtained by 
repeated washing. 

Dichloroxylepidinie acid crystallises with difficulty from alcohol and ether, much 
more readily from acetic acid. 1 part of it dissolves in 16 parts of boiling acetic acid, 
and from the cooled solution, the acid after some time separates completely in rhombic 
laminae. It melts at 182®, gives off 1 mol. H-0 at a higher temperature (about 200°), 
and solidifies on cooling to a yellowish, transparent, hard, brittle, resinous mass, 
identical with the resinous product, which yields dichloroxylepidinie acid when treated 
with potash. 

Kydroxylepidin, When 1 part of octohedral oxylepidin is boiled 

with 14 parts of acetic acid and a small quantity of zinc, the oxylepidin dissolves, and 
on pouring the solution, a'fter a few minutes’ boiling, into water, a precipitate is 
obtained, which when washed, dried, and drenched with thirty parts of ether, dissolves 
partially, leaving a residue of hydroxylepidin amounting to about 15 per cent, of the 
oxylepidin employed, while the larger portion which passes into solution consists of 
lepidin. Hydroxylepidin may also he prepared by mixing the solution of 1 part octo- 
hedral oxylepidin in 42 parts of boiling acetic acid with twice its volume of alcohol, 
adding small pieces of sodium-amalgam (Na-Hg) till the liquid on cooling no longer 
deposits a granular crystalline precipitate, pouring the solution into water, and treat- 
ing the precipitate with ether as above. The quantity of hydroxylepidin thus obtained 
is about 18 per cent, of the oxylepidin employed. Needle-shaped oxylepidin heated 
in acetic acid solution with zinc does not yield any product sparingly soluble in ether, 
but appears to be entirely reduced to lepidin. On the other hand, by boiling 1 part 
of needle-shaped oxylepidin with 20 parts of alcohol; gradually adding sodium- 
amalgam and acetic acid in such proportion as to keep the liquid constantly neutral ; 
decanting the solution after some time (1| hour per 10 grams of oxylepidin, after 
addition of 150 grams of* sodium-amalgam) from the crystalline deposit (which amounts 
to a third of the weight of the oxylepidin employed ); and crystallising this deposit 
from boiling acetic acid — hydroxylepidin is obtained, agreeing in its properties 
with that above described. The alcoholic solution decanted from the crystals contains 
lepidin. 

Hydroxylepidin, after purification by washing with a little ether and crystallisa- 
tion from acetic acid, forms long fiat delicate needles, nearly insoluble in cold alcohol 
and ether. 112 parts of boiling acetic acid dissolve only l*part of hydroxylepidin, 
and 99 per cent, of that which is dissolved crystallises out on cooling. It melts 
at 251'='. 

Hydrodichloroxy lepidin, is produced by boiling diehloroxy- 

lepidin — either the needle-shaped or the sparingly soluble modification (p. 1173)* — 
with zinc and acetic acid, and pouring the resulting solution into water, whereby a 
curdy precipitate is obtained which is a mixture of dichlorolepidin, m. p. 166° (p. 1173), 
soluble in ether* and hydrochloroxylepidin, which is insoluble in ether, and may be 
purified by crystallisation from acetic acid or xylene. The yield amounts to about 

* 2min’s statements on tMs point are somewhat contradictory. In 1875 (iV. Petersb. Acad. Bull. 
XX. 547) he stated that nep.dle-shaped dichloroxylepidin dissolved in acetic acid does not appear to he 
altered even by prolonged boiling with zinc ; but in 1876 (ibid. xxi. 66) he says this dichloroxylepidin 
is converted by the same treatment into dichlorolepidin and hydrodich]oro.xylepidin. 
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25 per cent, of the dichloroxylepidin employed. The same body is obtained by boiling 
sparingly soluble dichloroxylepidin with 40 parts alcohol, pd adding sodium-amalgam 
and acetic acid by small portions, till the granular deposit is converted into a mass 
of minute needles : the yield is about 30 per cent. The best mode of preparation how- 
• ever is to boil 20 grams of needle-shaped dichloroxylepidin with 400 grams alcohol, add- 
ing sodium-amalgam and acetic acid in such proportions that the liquid may constantly 
remain acid. After two or three hours —dui’ing which time 150™200 grams amalgam 
will have been added — the liquid, while still hot, is decanted from the deposit ; the 
latter, after washing on a filter, first with alcohol and tlion with a little water, is 
boiled with 180 grams acetic acid ; and the solution is decanted hot, and again boiled 
with an equal quantity of acetic acid. The residue (8-0 grams) is nearly pure hydro- 
' dichloroxylepidin. 

Hydrodichloroxylepidin is quite insoluble in alcohol and in ether, but dissolves in 
205 parts boiling acetic acid, and separates therefrom in flat, rather long needles, 
melting at 261°. ^ 

Hydfodihromoxyle-p^in, is prepared, like its clilorine analogue, by the 

action of zinc and acetic acid on dibromoxylepidin (needle-shaped or sparingly soluble), 
the product being a mixture of dibromolepidiu soluble and hydrodibromoxylepidin in- 
soluble in ether. The latter is but very slightly soluble in alcohol as well as in ether, 
but dissolves in 172 pm’ts of boiling acetic acid, and crystallises therefrom in 
needles. 

Bioxylepidin, is known in two modifications, one formed from needle- 

shaped, the other from octohedral oxylepidin. 

(1) . Ncodlo-shaped oxylepidin (25 grams) in fine powdorjs drenched with 20 grams 
acetic acid, a solution of 12 to 15 grams chromic acid in 150 grams glacial acetic acid 
is added, and tho whole is cautiously heated to 90^-95°, till the liquid exhibits a 
yellow but not a blue colour. The resulting solution on cooling deposits the dioxy- 
lepidin in large rhombic, nearly square plates, which may bo purified by washing with 
alcohol and recrystallisation from alcohol. 

This dioxylepidin melts at 157°, and solidifies to a resin, which again becomes 
crystalline at 150°. It dissolves in 24 parts of 95 per cent, alcohol at tho boiling 
heat, the cooled solution retaining only ^’^th part of it. It is nearly insoluble in cold 
crystallisable acetic acid, but dissolves in about its own weight of tho same acid at 
the boiling • heat. Chromic ‘acid oxidises it to benzoic acid and bonziio ; reducing 
agents have no effect upon it. Alcoholic potash, even when dilute, resolves it into 
dioxybenzoin and benzoic acid : 

028H'^oo3 + 2KHO = O'Tr-O h- 2C'H‘T{;0-', 

whence its rational formula is C‘'‘H^"(C^IPO)*0 (Zinin, Zeitsohr.f. Chom., vii, 483). 

(2) . The other modification of dioxylepidin, is obtained by boiling 1 part 

octohedral oxylepidin with 6 parts acetic acid, adding crystals of chromic acid by 
small quantities, the action of each being allow'ed to complete itself before a further 
portion is added, and pouring the liquid into water as soon as all tho oxylepidin is 
dissolved, and no more crystals appear to form on cooling. By recrystallising tho 
product from alcohol, dioxylepidin is obtained in white, nacreous, striated, rhombic 
plates, melting at 164°. The yield amounts to about a third of the oxylepidin used, 
the remainder being oxidised to benzoic acid. 1 part of this dioxylepidin dissolves in 
10 parts boiling alcohol, and 4 parts boiling acetic acid. In other it is less soluble 
than in alcohol. It is distinguished from the preceding modification by its melting 
point, and by its resistance to the action of alcoholic potash, which does not affect it, 
even when concentrated and at the boiling heat (Zinin, N. Foiersh. BidL xx. 547). 

Xsolepidin, (Zinin, Bull. Soc. Chim. [2], xxvii. 456 ; Dent. Chem. Ocs. 

Ber, v. 1104; x. 80). This compound, isomeric with lepidin, is produced by the dry 
distillation of either of the three oxylepidins above mentioned, and may be purified by 
washing ■ the distillate with a small quantity of ether, treating it with alcoholic 
potash, and recrystallising from alcohol. It dissolves in 18 parts of boiling and 266 
parts of cold alcohol of 95 per cent., and crystallises in four-sided plates, which do not 
lose weight at 130° and melt at 150°. It dissolves also in 2 pts. of boiling acetic 
acid. By distillation it is partly decomposed and converted into a resinous mass. 
Alcoholic potash does not aifect it. By oxidising agents it is converted first into 
oxyisolepidin, and finally into benzophenone, with bCnzoic acid and a small quantity of 
benzile as secondary products. 

Bihydro-lsolepidiu, is formed by the action of zinc-dust on a solntion 

of isolepidin in 5 or 6 pts. of glacial acetic acid, and may be separated by pouring 
the green liquid portion of the product into water, w'hereby a precipitate is formed, 
which is to bo washed, dried, and treated with ether (to remove a resinous colouring 
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njatter), and finally purified by crystallisation from boiling alcohol. It is thus 
obtained in small rectangular prisms Tvhieli melt at 182°, dissolve very slightly in 
ether, in 12| pts. boiling acetic acid, and 95 parts alcohol of 95 per cent. It is very 
slowly attacked by chromic acid and other oxidisers ; more easily hy phosphorus pen- 
tachloride than isolepidin. 

Tetraliydro-isolepidin, C^H“'*0,is produced by the action of sodium-amalgam 
on a boiling alcoholic solution of isolepidin (15 to 20 pts. Na-Hg to 1 pt. isolepidin), 
or more advantageously on dihydro-isolepidin, and is separated from the crude 
product hy distilling off the greater part of the alcohol, and pouring the residue imme- 
diately into water, whereby a precipitate is obtained, soft and resinous at first, but 
hardening after washing and prolonged boiling with water. On dissolving this mass 
in ether, and leaving the ether to evaporate, the tetrahydro-isolepidin separates, at 
first as a soft resinous mass, which afterwards coagulates in crystalline lumps. These 
melt as 182°, and resolidify to a translucent resin ; they dissolve readily in acetic 
acid and in alcohol, somewhat less easily in ether. By chromic acid in acetic acid 
solution, tetr^iiydro-isolepidin is reconverted, even at ordinary temperatures, into 
dihydro -isolepidin. 

Oxy^solepidin or Xsoxylepidin, This compound, as already ob- 

served, is the first product of the action of oxidising agents on isolepidin. To prepare 
it, a solution of 3 pts. isolepidin in 40 pts. acetic acid is mixed with a solution of 3 
pts. chromic acid in 30 pts. acetic acid, and the tufts of needles which separate in 
the course of 24 hours are separated from the supernatant liquid and purified by 
crystallisation from boiling alcohol. In preparing this compound, it is not advisable 
to operate on more than 5 grams of isolepidin at a time, as when larger quantities are 
used, a rise of temperature takes place, which leads to the formation of a large 
quantity of henzile as a bye-product. 

Oxyisolepidin thus prepared crystallises in short, thin, dull-white needles, melts at 
160°, dissolves in 40 pts. boiling and 600 pts. cold alcohol, in 4 pts. boiling acetic 
acid, freely also in boiling benzene, from which it crystallises in nodular groups of 
quadrangular plates. It is not altered by boiling alcoholic potash. It appears to be 
dimorphous, for when an ethereal or alcoholic solution of the compound, which no 
longer yields needles on cooling, is left to evaporate, it deposits wedge-shaped crystals 
with quadrangular base, having the same composition as the needles. The same 
crystals may be obtained directly by boiling the ordinary needle-shaped crystals for 
some time with a quantity of alcohol not sufficient to dissolve them completely, or 
more easily from a solution of the needles in alcoholic potash. The wedge-shaped 
oxyisolepi^n melts at 162°, and when heated above its melting point till a rapid 
evolution of gas-bubhles takes place, assumes an orange-brown colour, and solidifies 
on cooling to a translucent resin, from which ether (10-15 pts. to 1 pt. of the resin) 
extracts a crystalline body ; and this latter, when purified washing with ether, and 
recrystallised from alcohol or glacial acetic acid, forms rhombic plates very slightly 
soluble in ether, dissolving in 13*5 pts. boiling acetic acid and 80 pts. boiling alcohol, 
and melting at 152°. This substance, which may also be obtained by distilling the 
oxyisolepidin above described, and exhausting the distillate with ether, appears from 
its composition and properties to be an isomeric oxyisolepidin. 

Oxyisolepidin dissolved in acetic acid and treated with zinc is converted into the 
above-described dihydro-isolepidin. When oxidised by chromio acid (2 pts. to 1 pt. 
oxyisolepidin) in acetic acid solution at the boiling heat, it yields four bodies — namely, 
an oily substance in very small quantity, benzoic acid, henzile, and as chief 
product, be nzophen one. The oily substance maybe removed by subjecting the 
half-solidified mass to pressure, and the henzophenone may be separated by boiling 
the residue with a weak solution of potash in alcohol of 40 per cent., and precipitating 
with water. 

Oxylepidinic acid, is formed as a secondary product in the prepara- 

tion of isolepidin, and is found in the alcoholic potassic mother-liquor which remains 
after the purification of that substance (p. 1176); it may be obtained in larger quantity 
by exhausting the crude distillation product of the oxylepidins with ether, and boiling 
the resin which remains on evaporating the ether with alcoholic potash. The acid 
thereby dissolved may he separated by pouring the solution into water, heating the 
liquid to expel the alcohol, and precipitating with acetic acid ; and purified by dis- 
solving the crude product in aqueous potassium carbonate, precipitating fractionally 
with acetic acid, repeating these operations if necessary, and recrystallising the last 
precipitated portions from acetic acid. Oxylepidinie acid dissolves in 2 pts. of boiling 
acetic acid, and melts at 1 66° (Zinin). 

XiXSPZlIXKB, When sodium-amalgam is added to lepidine, the mixture 

becomes hot, acquires a reddish-brown colour, and finally solidifies. Water added to 
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this product separates a yellowish oil, which, when boiled with water and an acid, 
yields a deep reddish-brown solution, depositing as it cools crystals of a splendid 
scarlet colour. These crystals must he dried in the dark, since they are altered in 
colour b ;7 light, as is also the case with silk or wool dyed with this substance. When 
nitric acid was used, the solution on cooling gave a crop of red crystals having the 
composition of Ohinoline behaves in a similar 

manner, the red substance yielding with hydrochloric acid, crystals of dichimline 
hydrochloride, C'^H^W.HOl (0. Greville Williams, Chem. Mws, xxxvii. 85). 

3LiX:pIBXIT 2VX. The volatile oil of^arden cress (L. sativum) has been shown hy 
Hofmann to consist of a-toliionitril, CW.CH-.CN (see Cress Oils, viii. 584:). 

XiXiPXBOZiXTX:. On the preparation of Lithium from this mineral, see Lithium. 

XiESXtSYXTXS. This name has been applied to certain micaceous minerals, 
accompanying corundum in Chester Co., Pennsylvania, and in North Carolina, w'hich 
have been regarded by some mineralogists as forming a distinct species, but according 
to Brush and Genth, are mixtures of corundum with damourite and d^aspore, or with 
damourite alone (see Jahresh.f. Chem. 1869, 1219 ; 1873, 1153). 

XiXiTTSOMITB. This mineral, originally found, in small quantities, in the 
Bannat, has lately been obtained from the Garonne mine, Departement du Var, where 
it occurs in radiate 'groups of capillary crystals forming thin coatings on slabs of 
sandstone. The following analysis by Pisani rend. Ixxvi. 1418) agrees closely 

with that by Percy of lettsomite from the Bannat : 

SO’ CuO CaO APO’ Fe“0’ H’O 

12-10 49-00 2-97 11'21 1-41 22*50 = 99-19 

Pisani considers lettsomite as a distinct spocicH, both on account of its fibrous structure, 
and of the close resemblance in composition shown by specimens collected from two 
localities so widely separated as those above mentioned. 


XiBYCAKXXiXXdTB, (iii. 574; vii. 733). A base supposed to be 

identical with leucaniliue is forme, d, with evolution of ammonia, by boating rosaniline 
or Its acetate to about 192° with excess of dimcthylaniline. The product freed from 
dimethylaniline by distillation and treatment with steam, is a brownish resinous muss, 
from the solution of which in hydrochloric acid, the greater part of the impurities 
present may be thrown down by addition of eoramon salt. By separating the base 
with an alkali, and repeating this treatment several times, it is obtained pure, and 
then melts at 86° (Nietzki, Arch. Pharm. [3], v. 41). According to Hofmann, leuc- 
amhne melts at 100°. Bale a. Schorlommor {Peut. Chem. Ges. Per. x, 1016, 1123) 
obtain leucaniliue by heating aiirin with alcoholic ammonia at 150° for several days, 
or with aqueous ammonia to 120° for twenty liours. E. and 0. Fischer {Ber. xi. 
1079),^ by oxidising a solution of trinitrophenylmothano in glacial acetic acid with 
chromic acid, obtained a white crystalline trinitrocarhinol, C*“H‘-(NO»)«OH, molting 
at 171°--172°, which, when treated with zinc dust, yielded paranitrorosanilino and 
finally leucaniline. 


PiazoletLc aniline Chloride^ prepared in the ordinary w-ay, is a 

■W’hich unites ^vith auric chloride, forming the double 
salt 0 H N Cl + SAuCP. The chloride dissolves in water, forming a greenish-blue 
solution, which decomposes when boiled, depositing a dingy brown precipitate only 
partially soluble in potash. ir o &./ r j:' j 

The hydrocarbon, corresponding with this diazo-compound, is not easily 

prej^red from the latter when once it has been separated and thereby rendered sparingly 
soluble in alcohol; but it may be obtained by the following method: 300 grams of 
ieucaniline are dissolved in 1500 g. strong sulphuric acid; the solution, in portions of 
^ treated with nitpus acid, and after the excess of the latter has been ex- 

pelled by a strong current of air, each of these portions is slowly added to 250 g. boiling 
alcohol. ^ The several portions of liquid are then united ; the whole is neutralised with 
sulpb^ic amd ; evaporated to one-fourth of its bulk ; then largely diluted with water; 
and the oil thereby separated is extracted with ether. After the evaporation of the ether, 
there remains a dark brown oily residue which may be freed by soda-ley from sulpho- 
acids and phenonc bodies. On again exhausting with ether and distilling, the greater 
part ot the liquid (85 g.) passes over above the range of the mercurial thermometer, 
While a small carbonaceous residue remains in the retort. The liquid thus obtained, 
hamg been completely dehydrated with sodium and again rectified, yields 55 g. of a 
light yellow heavy oil which has a faint bluish fluorescence, and thickens in a freezing 
mixture without solidifying, but separates in the crystalline state after a few days 
p^turated solution in methyl alcohol ; the concentrated mother-liquors 
several months. By repeatedly crystallising this product from 
y alcohol, the hydrocarbon, is obtained in spherical groups of colourless 
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prisms, melting at 58°, and boiling ■without decomposition at a temperature above 
360*°. It dissolves easily in ether, benzene, and ligrom, sparingly in cold alcohol, and 
shows but little tendency to crystallise. Treated in acetic acid solution with fuming 
nitric acid, and with bromine, it yields solid nitro- and bromo-deriratives which crys- 
tallise with difficulty. By oxidation with chromic acid it is converted into a ketone, 
which crystallises from hot ligroin in nodular groups of colourless laminae, 
softens at 143°, melts at 148°- 149°, and appears to be completely decomposed by 
further oxidation (E. and 0. Eischer, Ber. ix. 891). 

J^nuCAXtJtXK, See vol. vii. p. 119. 

XiEtrCBIM-. See Proteids. 

XiETTCHTElffSBBGITE. This mineral, from Slatoust in the Ural, regarded 
by some mineralogists as a distinct species, by others as a variety of pennine or 
clinocHore (i. 914; iii. 575 ; vi. 782), has been further examined by Duke Nicholas 
von Leuchtenberg (h7. Petersb. Acad. Ball. ix. 188; xxi. 509). The specimen 
analysed, an^ regarded as normal, was obtained from the Chichime mountains. It 
forms large hexagonal plates, easily split at right angles to the optic axis. ^ The 
laminae thereby separated are translucent, with a fatty to nacreous lustre, white^ or 
faint greenish colour, and difficultly friable like tale ; in polarised light they exhibit 
the appearance of imiaxial crystals. Hardness 2*5. Sp. gr. 2* 6 1-2 '64. ^ Analysis 
gave the following composition, agreeing with Descloizeaux’ formula for clinochlore, 
6Si02.2A1203.9Mg0 + 7H20 : 

SiO= CaO MgO A1»0* H=0 

30-46 2*22 0-11 34-52 1974 1274 = 99-79 

Leuchtenhergite must accordingly be regarded as a distinct mineral species belonging 
to the chlorite family. 

Microscopical examination of fresh and decomposed material showed the following 
enclosed minerals : garnets, cubic and prismatic forms, which were regarded as 
perowskite, and lastly needles, the species of which could not be determined. By 
weathering, the colour of the mineral is changed to yellowish and afterwards to dark 
green ; the facility of cleavage is diminished ; and in certain stages of the alteration, 
the mass appears interspersed with granules, some of which exhibit the optical 
characters of quartz. 

XiBXXCXC B.CZB, C®H^203^ and liEXTCIlTITOIIi, C®H“NO. Erlenmeyer a. 
Sigei {Dezit. Chem. Ges. Ber. vii. 1109), by combining hydrogen cyanide with valer- 
aldehyde, C*H*^0, from fermentation amyl-alcohol, have obtained the true leucinitril, 
(CH3)2CH.CH2.CH(OH).CN, differing essentially from the body to which that name 
has hitherto been attached (vi, 782 ; vii. 734), inasmuch as it is completely resolved 
by fuming hydrochloric acid into sal-ammoniac and leucic or oxycaproic acid : 

(CH3)2CH.0H2.CH(0H).0N + HCl + 2H20 == ^-*01 + (GH3)20H.CH2.0H(OH).COOH. 

Leucinitril is a colourless oil of agreeable odour, lighter than water, not quite 
insoluble therein, soluble in all proportions of ether and alcohol. It does not alter at 
100°, hut is resolved at higher temperatures into valeraldehyde and hydrogen cyanide. 

Leucic acid, obtained as above, may be separated from the sal-ammoniac solution 
by ether, and remains, on evaporating the ether, as a syrup which gradually solidifies 
to large transparent crystalline laminae. It is very soluble in water, alcohol, and 
ether. 

N. Ley {Ber. x. 231) has also prepared from valeraldehyde, by means of hydro- 
cyanic and hydrochloric acids, an acid which agrees in most respects with leucic acid, 
hut melts at 54°-55°, whereas leucic acid, according to Waage (iii. 576), melts at 
73°. Ley’s acid is oxidised by chromic acid mixture to carbon dioxide, an acid having 
the composition and valeral. 

Puirefactim of Leucic Add . — A mixture of 10 grams calcium leucate, 10 calcium 
carbonate and 50 putrid fibrin in 12 litres of water was^ found to yield, as gaseous 
products, C02, OH**, and H, and as liquid products, caproie, butyric, and acetic acids 
(J. Stolnikoff, Zeitschr. 'physiol. Chem. i. 345). 

ZiETrcXirE or A3VIIBOCAPROIC ACXB, C3H^^N02 = C®H’°(NH2)2.C0-H. 
Occurrence in Plants . — The juice of vetches grown in moist garden-soil -and germinated 
in the dark— perfectly fresh and freed from albuminoids by boiling and partly also by 
dialysis— has been found to contain, together with asparagine, a not inconsiderable 
quantity of leucine, both these bodies being doubtless produced by transformation^ of 
proteids stored up in the seed. When the mother-liquor decanted from the asparagine 
was somewhat further concentrated, crystailine crusts separated, after a short time, 
on its surface, appearing under the microscope as groups of well-defined spherules, 
and exhibiting all the reactions of leucine (Grorup-Besanez, Be'il, Ber, vii. 146; see 
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also Gossa, Gazs;, ohm. ital. 1875, 3U). The" basic substance called chenopodiiiB, 
which Eeinsch obtained from Chono^odkm album (vii. 429), is regarded by Gorup- 
Eesanez as identical with leucine. 

Leucine has also been found in small quantities, together with tyrosine and 
glutamic acid, in young pumpkin-plants (Schulze a. Barbieri, Ber. xi. 1233). 

On the occurrence of leucine in the aqueous extract of yeast, see Ferments (p. 783). 

Formatio 7 i. — a. Together with tyrosine, asparagine, glutamic acid, and^ ammonia, 
by the action of stannous chloride on albumin animal or vegetable, casein, and le- 
gumin dissolved in hydrochloric acid (Hlasiwetz a. Habormann), see Proteids. 

Together with ammonia, glycocine, tyrosine, a yellowish body gelatin feptonc^ 
and a very small quantity of indole, by tho pancroatic digestion of gelatin (Nencki, 
Ber. vii. 1593). Jeanneret (Ji y>r. Chem. [2], xv. 353), by subjecting gelatin for 
eleven days to the action of the organised ferments of the pancreas, in a vessel from 
which the air was excluded, obtained leucine, but when the air had access to the 
vessel, no formation of leucine was observed. 

Be^isity. — According to Engel a. Vilmain Boo. Chim. [2], x^iv. 279), the 

specific gravity of leucine is 1*293 at 18°. 

Oxidation. — Leucine is converted by oxidation into carbaniic acid, which 
indeed appears to be invariably produced by the oxidation of nitrogenous carbon- 
compounds in alkaline solution, or generally when carbon dioxide and ammonia come 
together in the nascent state (Drechsel, J. p'. Chem. [2], xii. 417). See also 
Carbamic acid (p. 382). 

Eeaoiio7i with Urea. — When leucine and urea are fused together, a compound is 
formed which crystallises in needles and appears to consist of uramido-caproic 
acid (Huppert a. Hofmeistei’, Ber. vi. 1278). 

Beactmi with Benzoyl Chloride. — Wlion thorouglily dried leucine is heated to 
100*^ with benzoyl chloride, the mixture fuses and turns yellow, while benzoic acid 
separates on the surface in long needles, the reaction being terminated as soon as tho 
evolution of hydrochloric acid ceases. On treating tho mass with tepid water to 
remove the benzoic acid, a yellow substance is left partly soluble in hot alcohol, and 
the portion insoluble in that liquid consists of a mi do cap roic anhydride, 

= C«H^-NO,O.G«IL-NO, 
its formation being represented by the equation 

2G®»N02 H- G^H*001 - G^Ii“O.OH -i- HOI + 

Amidocaproic anhydride is a white amorphous body, which becomes gedaiinous 
when repeatedly washed with boiling alcohol, and is not easily reconverted into leucine 
even by prolonged boiling with water. Tho portion soluble in alcohol consists of 
dihenzoyl'amidocwpoic a^ihydride, It is yellow and amorphous, 

soluble in alcohol, insoluble in water, melts at 85°, is resolved by boiling wdth water 
into benzoic acid and amidocaproic anhydride, and decomposes when heated on 
platinum foil, giving off benzoic acid (A. Lcatrom, Qo^np. re^id. Ixxxvi. 484). 

XiZSTJCXiriTBXXi, see p. 1178. 

SmXSUCXTXS. This mineral, hitherto known only as of European occurrence, has 
been found by Vogelsang— together with augite, plagioclaso, sanidin, and smtdl 
quantities of magnesia-mica and apatite — as a constituent of tho basalt of Gunnng 
Eantal Soesoem, on the small island of Bawoan, near the north coast of Java (F. 
Zinicel, Mw. Mitih, 1875, 227). According to F. A. Anger {Min. MUth, 1875, 153) 
loucite is the chief constituent of the trass of Lake Laach and of tho Hies. 

Crystallme Fomn. — ^Vom Hath infex'red, from the measurement of the angles of ’ 
leucite, and from the striation of its faces, which indicates twin-formation, that it 
belongs, not to tho regular system, as generally supposed, but to the quadratic system 
(vii. 767). Scacchi, on the other hand {Zeitschr. geol. Ges. xxiv. 503), regards 
the mineral as belonging to the regular system, and attributes the difference in the 
angular measurement to errors of observation, Hirschwald also {Min. Mitth. 1875, 
227) regards leucite * as a ro^ar crystal-species with polysymmetric development in 
the direction of the quadratic system.’ Vom Rath {Fogg. Ann. Frg'dnzhd. y\. 198) 
defends his conclusions respecting the quadratic form of leucite, and*^ controverts tho 
difference supposed by Scacchi to exist between implanted and imbedded leucite. He 
also demonstrates the quadratic form of the sublimed leiicites occurring, as first 
observed by Scacchi, in small cavities, and formed by tho disintegration of old loucitos. 
The analysis of these sublimed crystals gave 

66-5 per cent. SiO*, 25*3 APO^, 16*2 K-0, and 2*8 Ha-0. 

H, Baumbauer {Zeitschr. Kryst. i. 257) confirms the views of vom Rath, particularly 
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mth regard to the twin-formation of leneite. That the ordinary form of lencite is not 
a simple form, bnt a combination, is shown by the behaviour of the crystals to etching 
liquids, by which the ditetragonal pyramid-faces are more strongly attacked than the 
tetragonal faces. The optical characters of lencite also show that its form is not 
monometric, Tschermak (Berl. Acad. Ber, 1876, 695) examined a lencite free from 
twin-lamination, found in the lava of Aeqnacetosa near Home, and found it to he 
negatively double-refracting. This lencite, analysed by Berwerth, gave 55T8 per 
cent. SiO^ 23-65 APO®, 0-83 CaO, 19*40 K-0, and 0*32 Na^O ( = 99-38), -VTith traces 
of iron and magnesium. 

XiEtrCOGAILXiOlb, QJ, G18H1®CP2014, ^ compound formed by the 

action of chlorine at low temperatures on pyrogallol in presence of acetic acid (see 
Pxrogallol). 

X.x:trCOXimXC ACIB, C^H^KO^ (J. Dewar, Pwc. Boy. Soc. xxvi. 65). This 
acid is formed hy oxidising leucoline sulphate (43 parts dissolved in 200 water) with 
potassium permanganate (100 in 1000 water). It crystallises in colourless lamellae or 
needles mel^ng at 162° ; is somewhat volatile in a stream of hydrogen at 110°, also 
in a stream of aqueous vapotir, to which it imparts a peculiar aromatic odour ; is 
slightly soluble in cold, more soluble in warm water ; crystallises from alcohol and 
ether with a faint coloration due to slight oxidation. Its salts, excepting the plumbic, 
ferric, and mercurous salts, are easily soluble ; the silver salt forms slender needle- 
shaped crystals. The acid heated above its melting point suffers partial decomposi- 
tion, and yields a sublimate, probably consisting of the anhydride. Heated to low 
redness with soda-lime, it yields aniline, together -with ammonia and a small qu-antity 
of picoline; when potash-lime is used, the aniline obtained is almost free from 
pieoline. Potassium leucanilatBy heated hy itself yields aniline, water, potassium 
carbonate, free carbon dioxide, and carbon : 

2G®H8KN03 = 2G«H’H + H-0 + + CO^ + 4G. 

By fusion with excess of potash, the acid is resolved into carbon dioxide, ammonia, 
hydrogen, and salicylic acid, the last being probably formed from anthranilie acid 
produced in the first instance : 

G^H^NO^ + 3H20 « G^H^N02 + 2 GO 2 + 4:W. 

The acid, heated with glycerin to the boiling point of the latter, like-wise yields 
aniline, together with small quantities of a substance having the properties of indole. 

XiBXrcoPBilK'S and MIBZ.ZN'OPHAB'Z:. Eammelsberg (Berl Acad. Ber. 
1876, 23) has analysed leucophane (Nos. 1-4) and melinophane (Nos, 6-10), and 
refers them to the following formulae : 

6NaF+ j (No. 5) 6NaF+ j (No. 11) 

Leucopliane. Melinophane. 

If we suppose 2Na = R", F- ~ 0, and therefore 6NaF = 3R'D, we shall have for these 
minerals the formulae, 

Leucophane, RWO^ = |2^Sio4 
MeUnophana, E'“Si’0“ = 

the analogy of which is perhaps more than accidental. 



F 

SiO= 

BeO 

CaO 

Na^O K*0 

1 (found) 

6*57 

47*03 

11*73 

23*61 

11*26 0*30 

2 „ 

6*53 

undet. 

12*25 

23*52 

10*27 0*30 

3 » 

6*97 

47*07 

11*25 

22*92 

undetermined 

4 „ 

6*91 

49*70 

12*40 

23*68 

undetermined 

6 (calc.) 

6-69 

49-35 

11-16 

24*68 

10*93 — ' 

6 (found) 

5*73 

43*66 

13-31 

26*82 

8*55 1*40 

L J 

7 „ 

5*43 

41*40 

13-81 

29-05 

undetermined 

8 „ 

6*39 
\ 

44*32 

13-84 

29-93 

undetermined 

9 » 

undetermined 

14*04 

30-10 

'7*21 0*59 

10 „ 

■uudet. 

42-50 

13*62 

30*56 

undet. undet. 

11 (calc.) 

5-83 

42-95 

13*60 

30*07 

8*56 1*44 


XiBXrCOBOSOXiZC ACXB. See Eosomc Acm. 


ZrBVUZiZmc ACZB, G®H®0® (Grote a. Tollens, Deut. Chem. Ges. Ber, vi. 1390 ; 
vii. 1375; x. 1440; Liehiy’s Annalen, clxxv. 181; F. Bente, Eer. viii. 416). This 
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acid is formed by boiling cane-sugar with sulphuric acid, the cane-sugar being first 
resolved into dextrose and levulose, the latter of which appears to be the chief source 
of thelevulinic acid, inasmuch as when the acid produced as above described is neutral- 
ised with chalk and the resulting calcium salt is crystallised out, a mother-liquor is 
obtained containing dextrose, whereas the levulose disappears entirely. A small 
quantity of levulinic acid is however obtained by treating dextrose alone with sul- 
phuric acid. 

The method originally given by Grote a. Tollens for tho preparation of levulinic 
acid was somewhat complex, but in their latest communication {Ber. x. 1440) the 
following simpler method is described. A mixture of 1000 grams of sugar-candy, 
1000 grams of water, and 1000 grams of ordinary sulphuric acid, is heated in a salt 
bath for four days ; the resulting liquid is agitated ten or twelve times with ether ; the 
ether is distilled off, and the residue is heated on the water-bath, and afterwards dis- 
tilled. Pormie acid then passes over first, and afterwards between 218° and 22o° 
levulinic acid, which solidifies after repeated distillation, its boiling point then rising 
to 236°“255°. The formation of levulinic and formic acids from cane-sij^ar is repre- 
sented by the equation — 

(^i2pj;22on + + C®H^20o 

and + CH-O^ + H-0. 

Filter paper and deal shavings boiled with sulphuric acid also yield levulinic acid, but 
in small quantity only ; Caragheen moss yields about as much as cane-sugar (Bente). 

Pure levulinic acid molts at 33*5°. It is optically inactive, dissolves in water in 
all proportions, is not perceptibly acted upon by bromine.^ Heatod for three days in a 
salt bath with 20 times its weight of 5 per cent, sulphuric acid it turns yellow, but 
deposits only a few flocks. 

Cabium Uvulimte, (0®H’0^)2Ca.2H“0, obtained by neutralising tho acid with cal- 
cium carbonate, crystallises in silky needles often a cuntimotor long, dissolves very 
freely in water, and forms syrupy solutions which deposit crystals but slowly. It 
melts at 100°, giving off the greater part of its water of crystjillisation, the r<‘st of 
which is expelled at 130°-140°. A salt with 1 mol. H-0 was likewise obtained, but 
Grote a, Tollens are not sure that it was pure. The salt, also pre- 

pared by neutralisation, crystallises in silvery noodles or laminm, the latter of which 
appear under the microscope to be made up of needles. It dissolves easily in water 
and in alcohol, especially when warm, is slightly soluble in absolute alcohol, and forms 
syrupy solutions. The silver salt, C^E^O^Ag, formed by precipitation, crystallises 
from a boiling solution in well-defined, elongated, six-sided plates, whose two acuter 
angles measure on the average 99° 6', and the four obtusor angles 131° 3 Oh It dis- 
solves at 17° in about 150 parts of water. TheptJtes'm//i salt, prepared from tho silver 
salt by double decomposition with potassium carbonate, solidifies over sulphuric acid 
to nodular groups of microscopic needles. The ammonmn salt forms small needles ; 
the barium salt was obtained only in tho form of an uncryscallisablo gummy mass. 

Grote a. Tollens have also examined the so-called glue at os, which Mulder pre- 
pared by the action of lime or baryta on glucose (ii. 488), and concludes that his acid 
calcium glucate is identical with the levulinate. His neutral gluca,tes they regard as 
formed by the action of the lime or baryta on sugar contained in the mother-liquor of 
the crystallised calcium levulinate. 

For the constitution of levulinic acid, Groto a. Tollens regard two views as 
possible : either that this acid contains a hydroxyl-groiip, in which case it may be 
represented by a ring-formula similar to that proposed by Limpriclit for pyromucic 
acid (vi. 979) ; or (2) that one of its oxygon-atoms may be situated as in acetone 
or in ethylene oxide, in which case it must be regarded as a homologue of pyro- 
racemic acid, CH^.CO.COOH. This latter view of its constitution is adopted by 
Conrad {Liehigb Annalen, clxxxviii. 223), who regards it as identical with /S-acetopro- 
pionic acid, OH®.CO.CH“.CH“.COOH, formed by the action of baryta-water on ethylic 
acetosuceinate (see Pbopionic acid). The close resemblance of these two acids in 
nearly all their properties has been further demonstrated by the recent experiments of 
Grote a. Tollens {Ber. x. 1440), thus : 

LeTulinic acid g-Acetopropionic acid 


m. p. 

32*5-33*5 

' 31° 

b, p. 

235°-255° 

239° 


Ethylic Ethers 


b. p. 

200°-201° 

203°-205° 


The silver salts of both acids are slightly soluble ; their other salts easily soluble. 
The only point of difference observed is in the calcium salts, the levulinate crystal- 
lising with 2 mol. water, whereas the iS-acetopropionate is anhydrous. 

IiBVTTXiOSXS. See SxTOABS. 
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liXBAIffXTS. See Besiks, Fossil. 

ZiXCBSXfxnr, This carhohydrate, and a substance turned bine by 

iodine, existing together ■with it in Cetraria islandica (iii. 586), have been further 
examined by Th. Berg (Buss. Zeitsch. Pharm, 1873, 129, 161). The lichen is 
repeatedly boiled ■with fresh portions of "water till the extract is no longer rendered 
turbid by alcohol. The strained extracts when left at rest for twenty-four hours, 
deposit the lichenin as a jelly, which is freed from a bitter principle and the sub- 
stance which gives the blue colour with iodine, by filtration through linen, and washed 
with water till the blue reaction with iodine is no longer visible. The jelly remaining 
on the filter is then dissolved in hydrochloric acid, precipitated with alcohol, pressed, 
and slowly dried ; the filtrate is concentrated to a small hulk and precipitated -with 
alcohol; and the precipitate of the substance turned blue by iodine, which soon 
becomes glutinous, is thoroughly washed with alcohol and then dried. Both the 
lichenin and the substance turned blue by iodine have the composition 
Lichenin does not yield sugar either when boiled with water or when treated with 
malt-extraet, saliva, pancreas extract, or gastric juice, but it is converted into sugar 
by boiling with^ sulphuric or hydrochloric acid. The substance turned blue by iodine 
yields a little sugar when boiled for a long time with water, and is easily and com- 
pletely converted into sugar by treatment with an acid. Lichenin, immersed in glacial 
acetic acid, swells up without dissolving, and on heating the liquid to 100°, a jelly is 
formed, having the composition C®H.^(C'^H®0)^0®. The substance turned blue by iodine 
is not altered by glacial acetic acid. bTeither this latter substance nor lichenin is 
turned blue by treatment with snlphuric acid and iodine together ; both dissolve in 
zinc chloride ; Schweizer’s reagent dissolves only the lichenin. Alcoholic potash at 
the boiling heat acts somewhat strongly on lichenin, very slightly on the substance 
turned blue by iodine. Lichenin forms compounds with potash and soda ; the sub- 
stance turned blue by iodine does not. No method has yet been found of converting 
either of these substances into the other. 

ZiXCHIO’OXAXrTHXn'. See Plants, Colodeing Matters of. 

XiXBVRXTB. Analyses of this mineral from Elba by Stadeler (J, Cliem. 
xcix. 70), and by Sipocz {Liebig's Anyialen, clxxviii. 196), lead to the conclusion that 
the water, formerly regarded as accidental (iii. 589), is an essential constituent, and 
that the mineral may be represented by the formula 6B0.Fe203.4Si0-.H-0, in which 
B - |Fe + |Ca. Analysis (1) by Stadeler, of black, shining, crystalline masses ; sp. gr. 
4*023 ; (2) by Sipocz, mean of four, made on carefully selected material ; sp.'.gr. 4*037 : 

Si0» Fe=0=* FeO MnO CaO 11=0 

29*20 20*74 35*15 — 12*90 2*36 = 100*35 

29*67 21*26 33*09 0*74 13*33 2*32 = 100*41 

Bammelsberg, on the other hand {Zeitschr. geol. Ges, xxii. 897), regards the water 

(1*65 per cent, according to nine experiments) as the result of weathering, and repre- 
sents the anhydrous mineral by the form-ula B^2j'e4gj9Q36 12B0.2Fe203.9Si02, in 

which B |Fe + |-(Ca,Mn). 

An analysis by W. Early of lievrite from Elba, in which especial attention was 
given to the determination of the two oxides of iron, is published by J. Emerson 
Beynolds (Phil. Mag. [5], iii. 287) : 

SiO® A1®0* Fe®0= FeO liInO CaO MgO Na=0 H=0 

29*98 0*36 20*16 31*83 3*02 13*71 0*30 0*20 0*29 0*42 ^ 100*22 

Begarding the water as unessential, Beynolds represents the analytical numbers by 
the formula 6B0.B203.4Si02, in which 6BO = 4(Fe,Mn)0 + 2CaO. 

On the relations of form and composition of Lievrite and Humite, see Websky 
(Perl Acad. Per. 1876, 201 ; Jahrb.f. Mm. 1876, 660 ; Jahresb.f. Chem. 1876, 1252 ; 
Chem* Soc. Jour, xxxii. 117). 

XIGHT. 1. Befeaction and Dispersion. 

A. Of G-ases. Mascart ((7i5m^2f. reTic?. Ixx-viii. 617 ; Pogg, Ann. cliii. 149) has 
worked out the following relations between the refractive power and density of gases, 
in which, instead of the refractive index », the excess of refraction » — 1 is taken into 
account. This function, if the laws of Boyle and Gay-Lussac were strictly true, 
should be proportional to the pressure jp. Instead of this, Mascart finds from his 
experiments that 

w — 1 « «(1 + b]f), 

where a and h are constants. According to Begnault^s tables, the density of a gas is 
very nearly represented by the formula 
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so tliat, if the index of refraction were directly proportional to the pressure, h would 
he equal to b\ which, however, as shown hy the following table, is true only as a very 
rough approximation. Between constant pressures, hut at_ varying temperatures, t, 
the excess of refraction, w—1, should be inversely proportional to the factor 
instead of which a variable factor j8 was found for the several gases. The last column 
of the table shows the absolute values of 1000 times the excess of refraction 
for the sodium-line at the temperature 0° and pressure 700 mm. : 


Grases 

Compressibility 

ilGrractien . 

Influonco of 
'I’empora- 
iuro 

1000(^0-1) 

t 

h 

t 

h 

/3 

Hydrogen . 

10° 

- 0-00057 

22° 

-0-00087 

0-00381 

0*1388 

Air .... 

5 

+ 0-00107 

22 

+ 0-00072 

O'omm 

0-2923 

Nitrogen • . • | 

5 

0-00068 

21 

0-00085 

0-00382 

0-2972 

„ Monoxide 

9*3 

0-00754 

13-5 

0-0088 

0-00388 

0*5084 

„ Dioxide . 

— 

0-00225 

12 

0-00070 

0-00367 

0-2967 

Carbon Monoxide . 

— 

0-00435 

— 

0-00089 

0-00367 

0-3336 

„ Dioxide . 

3 

0-00901 

17 

0-0072 

0-00406 

0-4494 

Sulphur „ 

7*7 

0-0322 

13 

0-025 

0-00471 

0-6820 

Cyanogen . 

— 

0-0322 

25 

0-027- 

— 

0-8202 


By the same method Mascart has determined the dispersion of several gases. 
From Cauchy’s dispersion formula, according to which the index of refraction is 

» = a(i H. I). 

A being the wave-length, the constant B was found to have the following values : 


Atmospheric Air .... 

0-0058 

Nitrogen 

0*0009 

Hydrogen 

0-0044 

Nitrogen Monoxide .... 

0*0127 

Carbon 

„ Dioxide .... 

0*0075 

0-0052 

Cyanogen 

. . 0-0100 


Nitrogen monoxide and cyanogen disperse more strongly than water ; the dispersive 
power of atmospheric air is about J of that of water, and its vahie above given agrees 
almost exactly with that previously found by Ketteier ( Uehcr die FarhGnstrotmng der 
G-ase, Bonn, 1865). 

The following formula for calculating the refractive indices of atmospheric air at 
different temperatures has boon deduced by Y. v. Lang {Fogg, Aim. cliii. 448) from 
very careful experiments : 

n ^ Tia - 0-000000905 t -f 0*00000000235 25“, 


9 io having, according to the observations of Biot and Arago, the value 1*0002945. 
These coefficients differ considerably from those of Mascart. 


B. Of Liquids. — The influence of Compression on the Bofractive Power of Water 
has been studied by Mascart {Oompt. rmd. Ixxviii. 801 ; Fogg. Ami. cliii. 154). 
Assuming Grassi’s coefficient of the compression of water to he correct, it follows from 
Mascart’s experiments that the old law, —deduced from the emission-theory of light— 

affirming that the specific refractive power of bodies, I b - , is constant for all varia- 


tions of density, is utterly wrong, and that the magnitude 


n — 1 
d 


to which the name 


specific refractive energy is given hy Dale a. Gladstone (iii. 625) approximates to a 
constant value, hut not closely enough to be made the foundation of a law. 

The method of observation adopted rendered it possible to measure by optical 
means the fall of temperature produced by sudden decrease of pressure. On the basis 
of Bale a. Gladstone’s values for the decrease of the refractive index of water with 
rise of temperature (iii. 616), the rise consequent on an increase of pressure of I at. 
was found to be equal to 0*00110, a value agreeing almost exactly with that deduced 
from the mechanical theory of heat. 
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Compound EtTiers. — The refractiye indices of isomeric compound ethers (from fer- 
mentation alcohols) have been determined by Pierre a. Puchot {Compt. rend, Ixxvi. 
1566). The ethers of each pair were compared'together at the same temperature, a, of 
the surrounding medium, and the data thus obtained afforded the means of calculating 
the refractive index which the second ether in the pair would exhibit at a distance 
from its boiling point equal to that at which the determination was made for the first. 
As the differences of boiling point A never exceeded 1°, the alteration of the boiling 
point could, for this calculation, he regarded as proportional to the alteration of 
density. Four comparisons at temperatures a from 15°--16° yielded the following 
results, in which t denotes the temperature of the liquid, its density at 0°, dt that 
at the boiling point, la the refractive index at the temperature a, and la-^ that at 
the temperature a— L. 



t 


dt 

la 

la —A 

Propyl Butyr?^te . 

Butyl Propionate 

135*0 

135-7 

0*887 

0*893 

0-745 

0*743 

1*3972 

1*3981 

1*3972 

1*3989 

Ethyl Valerate . 

Butyl Propionate 

135-5 

135*7 

0*886 

0*893 

0*744 

0*743 

1*3981 

1*3981 

1*3981 

1*3983 

Propyl Butyrate . 

Ethyl Valerate . 

135*0 
; 135-5 

0*887 

0*886 

0*745 

0*744 

i 1*3972 
' 1*3981 

1*3972 

1*3973 

Butyl Acetate 

Methyl Valerate . 

116*5 

117*5 

0*905 

0*901 

0-778 

0*774 

1 1*3901 

! 1*3937 

1*3901 

1*3921 

1 


0. Of Solids. — A new refractometer for measuring the refractive indices of glass 
plates and lenses by means of Newton’s rings, is described by G-. W. Eoyston-Pigott 
(JProG. Hoy, Soc. xxiv. 393). Four kinds of glass gave the following values for mean 
rays : 

Clear white Flint-glass 1’537 

Yellow and heavy Flint-glass 1*6626 

Yellowish and very heavy Flint-glass 1*723 

Strong yellow, heaviest of all „ ..... 1*7555 

The refractive index of collodion films (0*0081 to 0*088 mm. thick on glass 
plates) was found by E. Gripon (Compt rend. Ixxx. 8S2) to he 1*5108,* polarising 
angle 56° 25'. 

F. Kohlrausch {Zeitsohr. Kryst. i. 100) has determined the following refractive 
indices by the method of total reflection (iii. 614) : 


Glass prism (at 23°) : 
first face , . . . 1*5291 

second face. . . . 1'5288 

by transmission . . . 1*5292 

Fluor spar : 

crude, grey (at 23°) . . 1*4324 

black (at 19°) . . . 1*4342 


Obsidian (at 23°) . . . 1*4953 

Agate „ . . . 1*540 

Amber (at 21°) . . . 1*522 

Sodium Chlorate (at 22°) . 1*5145 

Potash-alum, native (at 16°) . 1*5461 

Ohrome-alnm „ (at 22°) . 1*481 


Befractive Power of Bodies which exhibit Anomalous Dispersion 
(vii. 742).~A. Kundt {Pogg. Ann. cxlv. 67, 164) has determined the refractive 
indices of the four following anomalously dispersive liquids: (1). Cyan in, 1*22 
per cent, dissolved in alcohol of sp.gr. 0-822 at 15°. (2). Gy a nin, concentrated 

solution in the same solvent. (3). Fuch sine, not quite saturated solution in the 
same solvent. (4). Potassium permanganate solution not quite saturated, 
The first column of the following table indicates the spectral lines ; e.Bl and e.Gr 
signify the extreme blue and extreme green that could be observed on both sides of 
the absorption-band ; in fuchsine, e.Bl has nearly the position of the line F. Aa and 
Aw denote the differences of the refractive indices as observed in the two solvents, 
alcohol {a) and water (w). 

The values for fuchsine, which exhibits the ^eatest anomaly of dispersion, are 
somewhat different from those determined by Christiansen (vii. 742), partly perhaps 
in consequence of the different degrees of purity of the substances employed, and 
partly of the inaccuracy of Christiansen’s determination of the index ?Zn, as ac^ 
knowledged by himself (Pogg. Ann. cxlvi. 154). 

Tol. TUI. 4 H 
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Qyanin I 

Cyanin II 

Fuchsiue 

Potassium 

Permanganate 


71 

Ad 

71 

Aa 

71 

Aa 

n 

Aw 

A 

1-3666 



1*3732 



1*3818 



1*3377 

— 

a 

1-3678 

+ 42 

1*3756 

+ 120 

1-3845 

+ 209 

1-3386 

— 

B 

1-3691 

+ 49 

1-3781 

+ 139 

1-3873 

+ 231 

1-3397 

+ 88 

C 

1-3714 

+ 65 

1*3831 

+ 182 

1*3918 

+ 269 

1-3408 

+ 91 

D 

— 

— 

— 

— 

1*3982 

+ 315 

1-3442 

+ 106 

e. Gr. 

— 

— 

— 

— 

— 

— 

1*3452 

— 

E 

1-3666 

-26 

1*3658 

- 34 

— 

— 

— 


b 

1-3675 

-21 

— 

— 

— 

— 

— 

— 

F 

1-3713 

+ 1 

1*3705 

- 7 

— 

— 

— 

— 

e. Bl. 

— 

— 

— 

— 

1*3613 

— 

1*3420 

— 

G 

1-3757 

+ 7 

1*3779 

+ 29 

1*3668 

- 82 

1*3477 

+ 64 

H 

1-3793 

— 

1*3821 

— 

1*3759 

— 

1*3521 

+ 79 ; 


W. Wernicke {Vogg, Ann, clvi. 87) has determined by a peculiar method, the 
indices of refraction and extinction of rays which are absorbed by metallically opaque 
bodies. The following table gives the indices of refraction corresponding with the 
wave-lengths X for solid fuehsine : 

A B C D E 


X = 760 

688 

656 

598 

589 

581 

571 

550 

532 

526 

n = 1*73 

1*81 

1*90 

P 

2-293 

— 

2*326 

2*372 

2-016 

1-875 

G 

H 

X = 522 

489 

485 

483 

489 

460 

448 

438 

429 

394 

n = 1*755 

1*593 

— 

1*330 

1*436 

1*288 

1*224 

1-295 

1-31 

1-54 


The variation in the values of n justifies Kundt’s theoretical views of tho nature 
of bodies which exhibit surface colours. In silver, the indices of refraction (vii. 
74:3) vary, between 0 and G|-H, from 4*78 to 3T8, and the experiments show “-in 
opposition to Cauchy’s theory of metallic reflection — that the cocificiont of extinc- 
tion is independent of the angle of incidence. 

Bouble Refraction. The following determinations have been made by Kohl 
rauseh {loo. cit.) by the method of total reflection. In the uniaxial crystals, the fac(*s 
— when it is not otherwise stated — were cut at right angles to the optic axis, and the 
refractive indices, co and e, of the ordinary and extraordinary rays, were determineil. 
In the biaxial crystals, the face was cut at right angles to tho first median lino, and, 
in addition to the refractive indices a and 7, the apparent angle 2E of tho optic axes 
was determined, and thence the third refractive index was calculated (iii. 6C5) : 


Uniaxial Crystals, 



(0 

e 

Temp. 

Quartz 

1-5438 

1*5530 

23° 

Quartz, natural, parallel .... 

1*5436 

1*5531 

24 

Amethyst 

1*5440 

1*5533 

23 

Lemon Quartz, parallel .... 

1*5444 

1*5532 

22 

The same, parallel, axis horizontal 

1*5445 



22 

Apophyllite 

1*5343 

1*5369 

22 

Eotassium Ferrocyanide, natural . 

1*5762 

1*5815 

24 

Calcium-copper Acetate, natural . 

1*436 

1*478 

23 

The same, natural, parallel .... 

1*435 

1-478 

25 

Beryl, limpid, parallel 

1*571 

1-566 

21 

Beryl, „ 

Beryl, greenish-blue, parallel 

1*5725 

1-5678 

24 

1-5804 

1-5746 

23 

The same, parallel, axis horizontal 

1-5803 


22 

Beryl, limpid, natural, parallel . 

1*573 

1-568 

23 

Hejonite 

1-5649 

1-5454 

22 

The same • 

1-5657 

1-5459 

19 

Mellite 

1*5415 

1-5154 

21 

Black Hica, natural 



1-586 

23 

Sodium Nitrate 

1*5842 

1-3346 

22 

Sodium Nitrate, natural cleavage-face . 

1*5854 

1-3369 

23 

Nickel Sulphate, natural .... 

1*5099 

1-4860 

24 




LIGHT: DOUBLE REFRACTION. 1187 


Biaxial Crystals, 



a 

i3 

V 

Temp. 

2E 

Bypsnm 

1T)280 

1-6206 

1-5183 

— 

93-7° 

Gypsum, natural cleavage . 

1-5289 

T5216 

1-5198 

26° 

— 

Tartaric Acid 

1-6047 

T5355 

1-4951 

24 

146-6 

Citric Acid 

vmt 

1-4975 

1-4930 

24 

114-9 

Adular, from the Eifel 

1-6253 

1-5250 

1-5206 

21 

41-6 

Adular, from the St. Gotthard . 

1-5246 

1-5230 

1-5192 

21 

lOG-7 

Mica, East Indian, natural 

1-5997 

1-5941 

1-5609 

23 

71*9 

Aragonite 

— 

__ 

1-5301 

22 

7*5 

Potassium Nitrate .... 

1-5046 

1-5031 

1-3327 

23 

Magnesium Sulphate .... 

1-4612 

1-4553 

1-4324 

21 

78-6 

Borax . -t 

1-4712 

1-4681 

1-4463 

23 

59-0 

Cupric Sulphate .... 

1-5433 

1-5368 

1*5140 

23 

93-1 

Sugar 

1-5698 

1-5643 

1-5362 

24 

78-5 


Optical Constants of Isomorphous Bodies, — The refractive indices, and, in 
the- case of biaxial crystahs, the angles of inclination of the optic axes, of a largo 
number of isomorphous crystals, have been determined by Topsoe a. Christiansen 
(Ann. Chim. JPhys. [4], xxxi. 1), the result of which has been to confirm the i^aain 
conclusion deduced by Senarmont from experiments made in 1851 {ibid. [3], xxxiii. 
391), namely, that the optical properties of bodies are not in anyway dependent upon 
isomorphism. In the following tables the indices of refraction are given for the 
Traunhofer linos C, I), and F, The first gives these indices for single-refracting 
crystals. In the second table, the letters IT, T, following IIk'. names of the substances, 
denote the crystalline system to which they belong, H = hexagonal, T = tetragonal 
(dimetric, quadratic, pyramidal). The positive or nt^gative optical character of the 

substances in this table follows from the value of the ratio of the ordinary and 

€ 

extraordinary refractive indices of a ray traversing the crystal at right angles to the 
optic axis. If €>w, this ratio is loss than unity, and the crystal is optically positive ; 
if 6 < w, the ratio is greater than unity and the crystal optically negative. This ratio is 
always to bo understood as referring to the line 1), except in one case, where a <7 is 
attached to it, in which it refers to the line 0. The first threo^ columns of figures 
contain the refractive indices, co above and e below. In the third table, containing 
the rhombic biaxial crystals, there are given for each subsbr».,.,_tho three 
principal indices of refraction a < ^ < 7 for rays which traverse the crystal parallol to 
tlic axes of optical elasticity a > 6 > C. ‘Optical oriimtation’ denotes the order in 
whicli the axes of elasticity correspond to the right-angled crystallographic axes. 
The sign ± for the optical character is placed below that axis which bisects the aculo 
angle of the two optic axes. In the monoclinic crystals included in the fourth 
table, the plane of tlio optic axes is always parallol to the plane of symmetry of the 
cryst-al. The optical orientation is determined by the angle which t.ho line of bisection 
of the acute angle of the optic axes forms with the normal to the face 001 or osP 
^ Ali) denotes the apparent, AB the true angle of the optic axes. 


I. Single-ref Tact ing Crystals, 


Chemical Composition 

Indices of Kefraction 

C 

D 

E 

KBr 

1-5546 

1-5593 

1-5715 

KI 

1-6584 

1-6666 

1-6871 

NH‘I 

1-6938 

1-7031 

1-7269 

.SiF*.2NH'F 

1-3682 

1-3696 

1-3723 

SnCl‘.2K01 

i-fir)i7 

1-6574 

1-6717 

BaN-0” 

1-5665 

1*5711 

1-5825 

I'bN'^0" 

1-7780 

1-7820 

1-8065 

A1\.SoO')”.K=SO‘ + 2-UI-O . 

1-4773 

1-4801 

1-4868 

l''e-’i(SO')“JC-SO> + 24ffO 

1 4783 

1-4817 

1-4893 

Fb'-(SO<)’-(NH‘)=SO-‘ + 24H'-0. 

1-4821 . 

1-4854 

1-4934 

Mixed Alum 

1-4676 

1*4708 

1-4772 


4 H 2 
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II. Vniaxiai Crystals. 


Chemical Composition 


Indices of Refraction 

(:-) 

Ciyst. 


0 

D 

F 

jVxis 

CuF2.siF‘ + 6mo 

H 

1*4074 

1*4062 

1*4092 

1*4080 

1*4138 

1*4124 

1*0009 

0*5395 

NiF“.SiF< + eH^^O 

H 

1*3876 

1*4036 

1*3910 

1*4066 

1*3950 

4*4105 

0*9^9 

0*5136 

ZnF^SiF* + 6H=0 

H 

1*3808 

1*3938 

1*3824 

1*3956 

1*3860 

1*3992 

0*9905 

0*5173 

CoF^.SiF^ + 6H20 

H 

1*3817 

1*3972 

— 

— 

0-9889(0) 

0*5219 

MgF^.siF^ + CH^O 

H 

1-3427 

1-3587 

1*3439 

1*3602 

1*3473 

1*3634 

0-9880 

0*5174 

MnF^.SiF + QmO . 

H 

1*3552 

1*3721 

1*3570 

1*3742 

1-3605 

r377-l 

0*9875 

0*5043 

MgOP.SnCr^ + 6H20 . 

H 

1*5715 

1*583 

1*5885 

1*597 

— 

0*9925 

0*5083 

KH^PO^ 

T 

1*5064 

1*4664 

1*5095 

1*4684 

1-5154 

1-4734 

1-0280 

0*6640 

KH^AsO^ .... 

T 

1*5632 

1*5146 

1*5674 

1*5179 

1*5762 

1*5252 

1*0325 

0*6633 

(NEOH^PO* .... 

T 

1*5212 

1*4768 

1*5246 

1*4792 

1*5314 

1*4847 

1*0807 

0*7124 

(NHOH^AsO'^ 

T 

1*5721 

1*5186 

1*5766 

1*5217 

1*5859 

1*5296 

1*0361 

0*7096 

El^S^O® 

H 

1*4532 

1*5119 

1*4550 

1*5153 

1*4595 

1*5239 

0*9602 ’ 

0*6446 

Eb2S20s 

H 

1*4556 

1*5041 

1*4574 

1*5078 

' 1*4623 
1*5167 

0*9666 

0*6307 

CaS^O® + 4H='0 . 

H 

1*5468 

1*5496 

1*5573 

— 

1*500 

SrS^O® + 4H20 . 

H 

1*5266 

1*5232 

1*5296 

1*5252 

1*5371 

1*5312 

1*0029 

1*5024 

PbS^O" + 4H20 . 

H 

i 

1*6295 

1*6492 

1*6351 

1*6531 

1*6481 

1*6666 

0*9891 

1*4696 

NiSO‘ + 6H-0 . 

T 

1*5078 

1*4844 

1*5109 

1*4873 

1*5173 

1*4930 

1*0159 

1*9062 

MSeO‘ + GH^O . 

T 

1*5357 

1*5089 

1*5393 

1*5125 

1*5473 

1*5196 

1*0177 

1*8364 

ZnSeO^ + 6E^O . 

T 

1*5255 

1*5004 

1*5291 

1*5039 

1*5367 

1*5108 

1*0168 

1*8949 

BeSO^ + 4H20 . 

T 

1*4691 

1*4374 

1*4720 

1*4395 

1*4779 

1*4450 

1*0226 

0*9461 
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Chemical composition I”'*’'*® “'fraction Orientation Angle of Optic axes Orystallograpliio axes 
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iial 



1-5466 
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Double Befr action of Various Substances, — Mercurous iodide, HgM^, which 
Des Cloizeaux has shown to be isomorphous with mercuric iodide (Compt. rend. 
Ixxxiv. 1418), is likewise strongly double-refracting; it is uniaxial and positive, 
whereas mercuric iodide is negative. Mercurous chloride is also positive. 

Cupric Sulphate, CuSOkSH-O. The optical constants of this salt have been 
determined by C. Pape {Pogg. An7i. vi. 3o ; Jahresh. f Ghem. 1873, 137). The three 
principal refractive indices for sodium light (D) are ; 

a = 1-51564 ^ = 1-53940 7 = 1-54639 

The dispersion is small, as shown by the following values : 

D E F G- 

for the lines a = 1-51615 1-51983 1-52307 1*52872 

7 = 1-54604 1*54996 '-55351 1*55978 

The angles between the optic axes are slightly diminished by rise of temperature, 
about 12-1' fof%, rise from 19*1° to 46*7°. 

Cane-sugar. The three principal refractive indices, and the angles 2Y of the 
optic axes for the sodium, lithium, and thallium lines, have been determined by 
L. Calderon {Zeitschr, Kryst. i. 73) : 

a jS y 2V 

Li . . . 1-5379 1*5638 1-5693 47? 56' 

Na . . . 1*5397 1*5667 1-5716 48° 0' 

Tl , . . 1-5422 1-5685 1*5734 48° 08' 

The dispersion of the median lines is almost nothing ; that of the optic axes is weak. 

P, Pocko {Mm, Mittlicil, vii. 261) finds that for sodium light, the crystallographic 
axis c is inclined to the smallest optic axis at an angle of 23° 23'. For sodium-light, 
and for light which has passed through rod and green monochromatic glasses respec- 
tively, he finds the following values for the refractive indices and the angle of the 
optic axes : 

a. ^ y ,, 

Eed .... 1*5351 1*5630 1*5679 47° 42 30 

Yellow . . . 1*5371 1*5653 1*5705 47° 48' 20" 

Green . . . 1*5404 1*6687 1*5737 47° 57' 56" 

Ter pin Hydrate, C^®H‘''.3H-0. This compound forms orthorliombic crystals 
haviiig the axial ratio alb: <?= 0*80722 : 1 ; 0*47640. The piano of the optic axes 
coincides with oo co ; the first median line with tlio brachy diagonal a. The angle of 
the optic axes is for lithium -light 77° 37'; for sodium-light 77° 27'; for thallium- 
light 77° 18' ; tho dispersion of iho optic axes is tlioroforo very small (Arzruni, Pogg. 
Ann. clii. 282). 

luflitcnce of Temperature 07 i the Befraciivc Indices of the Isomorplious Sidphates oj 
Barium, Strontium, and Lead (Heavy Spar, Coclostino, and Anglcsito). — 1. The three 
principal indices of refraction of these three sulphates vary, witli change of tempera- 
ture, by dilferont amounts, but always decrease in magnitude as tlie temperature 
rises. ' 2. This decrease in the throe compounds is analogous in so far that the largest 
index (7) sufibrs tho greatest, and tiio medium index {D) the smallest amount of 
diminution. 3. In anglesite the refractive power diminishes with rise of temperatoe, 
but tho dispersion increases. 4. Tho directions of tho principal axes of expansion by 
heat do not stand in any direct relation to tho magnitude of the axes of optic elasticity 
(Arzruni, Zeitschr. Kryst. i. 165). 

Developinent of Double-refracting Structure by Electric Induction. — Isotropic media, 
solid or liquid, submitted to strong electric inductive action, become doubly refractive, 
their particles being apparently arranged in the direction of the lines of magnetic 
force. The structure thus acquired is uniaxial, the axis being parallel to the lines of 
force. Glass and quartz become positively double-refracting, resin negatively. 
Among liquids, carbon disnlpbide, benzene, paraffin, kerosene oil, and turpentine oil 
become positive, olive oil negative. Carbon disulphide acquires the strongest, paraffin 
oil and kerosene oil the weakest double refraction. In solid bodies, the development 
of double refraction by electric influence, takes a perceptible time (up to half a minute) 
and an equal time is required for its disappearance after the electric force has ceased 
to act ; in liquids both tho production and the disappearance of the double refraction 
are instantaneous (L Kerr, Pldl. Mag. [4], 1. 337, 446). 

Fluorescence. The fluorescence of a large number of substances lias been 
examined by K. Hagenbach {Pogg. Ann. cxlvi. 65, 232, 375, 508; abstr. Chon. Soo. 
Jour. XXV. 1058), with results confirming in every instance tho two laws discovered 
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by Stokes, viz. (1) that the fiuorescent rays are always less refrangible than the 
exciting rays ; (2) that the same rays which are capable of producing fluorescence 
within a substance are also absorbed by that substance. 

Light of every degree of refrangibility appears to be capable of exciting fluorescence, 
which, in the more refrangible part, extends beyond the line H, being there produced 
by lowering of refrangibility of the ultra-violet rays ; on the other hand, any fluorescent 
light that might be produced by the extreme red rays, would, for obvious reasons, 
not be perceptible to our eyes. The number of maxima of fluorescence in the spectrum 
is very different for ditferent substances ; thus Hagenbach, by examining the spectrum 
of an illuminated slit, the light of which was thrown on different liquids, observed 


7 maxima in a fresh solution of chlorophyll 
fl „ in an altered solution of chlorophyll 
in an extract of lamp-black 
in barium platinocyanide 


in naphthalene-red 
in oxidised brazilin 
in the solution of marin-alumina 


and in 
othe«> 
substances. 


Stokes’s observation that the absorption-bands of fluorescent bodies correspond 
generally with the maxima of fluorescence has been confirmed by Hagenbach in nearly 
all cases, a few bodies in which absorption is not accompanied by fluorescence being, 
perhaps, mixtures of a fluorescent and a non-fluorescent substance. IJranic nitrate, 
however, which exhibits no maxima of fluorescence either in the solid state or in 
solution, seems to form a real exception to the rule, since it can scarcely bo looked 
upon as a mixture. 

The maxima of fluorescence in the spectrum of a body do not always correspond 
with those in the spectrum of the fluorescent light, or JIuqtcscoicc fipcciru.7n ; the 
solution of chlorophyll, for example, shows seven maxima of fluorescence in its spec- 
trum, but only two in that of the fluorescent light. 

The position of the maxima and minima of fluorescence vary more or loss with 
tlie nature of the solvent employed, and some substances exhibit fluorescence only in 
one state of aggregation, whereas others are fluorescent both in the solid and in the 
liquid state. 

Further experiments by Hagenbach {Pogff. A^m. Jubelbd. 1874, 303) have yielded 
the following results : A comparison of the fluorescence spectra of the alcoholi{i and 
ethereal extracts of chlorophyll shows that the maxima in the former are placed 
nearer to the red end than in the latter, and that the minimum between the two 
maxima is rnore distinct in the ethereal than in the alcoholic extract. Cliloropliyll 
likewise exhibits fluorescence in the solid state, though not so strongly as when dis- 
solved, the spectrum of the solid substance being less extended and notably displaced 
towards the side of lesser refrangibility. 

The fluorescence-spectrum of solid anthracene exhibits seven maxima. The 
blue-violet fluorescent solutions of this substance in alcohol, ether, and light petroleum 
exhibit the displacement of the maxima towards the violet end, previously observed 
by Morton (p. 93 of this volume). Hagenbach, however, attributes l.bo spectrum 
with six or seven maxima to pure anthracene, whereas Morton supposed that it was 
due to the presence of chrysogen. Hagenbach did not observe any absorption -bands 
in the spectrum of pure anthracene. 

Thallene, a greenish-brown hydrocarbon discovered by Morton in petroleum- 
residues {Chem. News, xxvi. 272), exhibits a fluorescence very much like that of 
anthracene. _ Solid thallene exhibits no absorption-bands except those which are due 
to its .splendid green fluorescence ; its two spectra are exactly complementary one to 
the other. In all its solutions it exhibits a strong blue fluorescence, and all it.s bands 
appear, displaced towards the more refrangible end of the spectrum in various degrees 
according to the solvent used. Prolonged insolation and rise of temperature give rise 
to the gradual disappearance of the fluorescence-bands from the red end onwards 
(Morton, Phil. Mag. [4], xlvi. 89). 

The fluorescence and absorption-spectrum of chrysene, both solid and in solution, 
is also very much like that of anthracene. Solid chrysene exhibits 4, dissolved 
chrysene 6 maxima in its fluorescence-spectrum, their arrangement being modified by 
the solvent (chloroform, benzene, turpentine-oil, ether). Two or three absorption- 
bpds were also observed. Insolation displaces the maxima of solid chrysene in the 
direction of greater refrangibility, and develops a fifth maximum (Morton, Amcr. 
Chemist, v. 115). 

^ Ordinary white payer exhibits a whitish fluorescence, which is, moreover, con- 
tinuoxis after the removal of the exciting rays, and has therefore the character of 
phosphorescence ; it begins at the line b, attains its maximum at H, and extends to 
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the ultra-violet. This fluorescence-spectrum exhibits two rather strong maxima 
separated by a minimum (Hagenbach). 

Hagenbacli has also examined the fluorescence of the platinocyanides of the follow- 
ing metals : 

Potassium 
Sodium 

Pota ssium-s odium 
Ammonium 
Sodium-ammonium 
Barium 

The fluorescent appearances of these salts are very diversified, as each yields 
several hydrates differing both in their body-colour and in their fluorescence. The 
body-colour is determined chiefly by the rays which excite fluorescence. Most of 
these salts exhibit very fine surface-colours. 

Ch. Homer^P^z7. Mag. [4], xlviii. 165) recommends castor-oil as a solvent for 
fluorescent bodies which do not exhibit this property when dissolved in other liquids. 
Bed indigo (Persio) dissolved in this oil exhibits a splendid orange fluorescence; cam- 
wood apple-green ; logwood a similar colour but with a different spectrum ; turmeric, 
emerald-green, at least three times as strong as in the alcoholic extract. 

E. Lommel {Jdogg. Ann. cxliii. 26 ; clix. 514) infers, from observations on various 
fluorescent substances, that Stokes’s law respecting the relative refrangibilities of the 
exciting and fluorescent rays is not universally true. His conclusions are as follows : 
(1). There arc two kinds of fluorescence. In the first, each homogeneous exciting 
ray, which, as regards its refrangibility, falls within the limits of the fluorescence- 
spectrum, or a certain portion of it, is capable of exciting not only rays of greater or of 
equal wave-length, but also rays of lesser wave-length, so far as they arc included within 
the same limits. In the second kind of fluorescence each homogeneous exciting 
ray produces only those rays of fluorescent light whose wave-lengths arc greater or at 
least equal to its own. (2). In bodies which exhibit the first kind of fluorescence, 
such as naphthalene, chlorophyll, and iron, each exciting homogeneous ray calls into 
existence the entire fluorescence-spectrum : these bodies therefore do not conform to 
Stokes’s law. (3). Most of the fluorescent bodies hitherto examined exhibit only the 
second kind of fluorescence, and therefore obey Stokes’s law throughout the extent of 
their fluorescence-spcctra. (4). There are also bodies which exhibit both kinds^ of 
fluorescence, the first in a certain part of tlieir fluorescouce-spoctrum, the second kind 
in the remainder ; these, therefore, conform partially to Stokes’s law. Such are 
Grriessmayer’s chameleon-rod, cliameleon-hhie, and chameleon-green produced by 
heating aniline hydrochloride witli a.zohcnzcno (see Purnyl CononuiNG- Matters). 

According to Hagenbach (p. 1194) and Lubarsch {d?ogg. Ann. cliii. 420), on the 
other hand, the relation hotw'oeii the w'ave-longths of the exciting and fluorescent 
rays is in all cases represented by Stokes’s law. Lubarsch also infers from his own 
experiments : (1). That the fluoroseence of each substance can he developed only by 
certain exciting rays. (2). That the most refrangible rays of the fluorescent light 
excited by sunlight correspond wdth the position of maximum absorption, provided 
that the fluorescence is simple. Various bodies, however {cxj. extract of Palisander 
wood, an ethereal solution of archil, and alcoholic tinciiiro of litmus), exhibit a double 
or multiple Jluoresecncc, duo to the action of various groups of rays of the exciting 
light. Chlorophyll belongs to this class of bodies, hut is probably a mixture of 
several substances, each of which exhibits only simple fluorescence. 

Fluorescence, Fhosphorcsocnce^ and Absorption Spectra of Uranium Solutions , — 
The light emitted by phosphorescent uranium compounds has been spectroscopically 
examined by E. Becquerel {Ann. Chim. Fhjs. [4], xxvii. 539). The experiments were 
made in some cases with the aid of Becquerel’s phosphoroscope f (ibid. [3], Ivii. 101), 
while in others the bodies were illuminated exclusively by the violet and ultra-violet 
rays. Urauous chloride and sulphate thus treated do not emit any sensible light. 
Most uranic compounds, on the other hand, become phosphorescent, and almost all of 
them then give a series of groups of light and dark bands between 0 and F. The 
order of the hands in the several groups is determined chiefly by the acid present in 
the compound, and exliibits great diversity. In the double salts of any particular 
class, the double sulphates for example, the order in each group is the same, but the 

* Phosphorescence is flnoresccnco contlnumj? after the removal of tlie oxcifcing' cause. 

t This is an instrument for facilitating the detection of phosphorescence in hodies which exhibit 
it for a very short time only. For description and figures, see E. Becquerel {La Lumilro., ses causes et 
scseffets,i. 249, 334=, 378 ; Am. Chim. Phys.m, Ivii. 101; also de Physique par A. Daguin, 

iv. 262). 


Strontium 

Strontium-potassium 

Calcium 

Calcium-potassium 

Magnesium 
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index of refraction of the corresponding light and dark bands Taries sometimes in one 
direction, sometimes in the opposite. In each individual spectrum the distance 
between the corresponding maxima and minima of light of the successive groups 
increases with the refrangibility. The differences of the corresponding wave-lengths 
divided by the square of the mean wave-length give quotients which are nearly equal 
for all uranium compounds. On the other hand, no simple relation could be discovered 
between the wave-lengths of homologous bands of the same group in different com- 
pounds and their chemical composition. When the compounds are illuminated by 
violet and ultra-violet light, the more refrangible part of the spectrum exhibits 
additional groups of absorption-bands, which are different in different compounds, 
and agree in their order of succession with those in the less refrangible part of the 
spectrum, appearing, indeed, like a continuation of the latter. 

Becquerel’s results have been confirmed by Morton a. Bolton {American Chemist^ 
iii. 361, 401), whose observations extend to a larger number of uranium salts. They 
find that, whereas in the spectra of all these salts the similar and similarly distributed 
bands of the fluorescent light are situated between the lines 0 and there are also 
other absorption-hands situated between F and H, which are not due to fluorescence, 
but are, nevertheless, similar to those above mentioned, and somewhat regularly dis- 
tributed. The intensity curves of the spectra exhibit characteristic differences 
between different salts, and may serve to distinguish them one from the other. In all 
cases the intensity of the hands decreases more quickly in one direction than in the 
opposite, and, for the most part, more quickly towards the more refrangible end. 
The character of one band is, for the most part, a type of all the bands in the same 
spectrum ; exceptions to this rule are, however, afforded by most of the double acetates, 
especially sodio-uranic acetate. Double salts containing the same acid have in most, 
but not in all cases, bands of the same type ; but simple and double salts of the same 
acids do not, for the most part, agree in the type of their bands. In many cases an 
internal decomposition of a salt by heat could be distinctly traced by the spectroseopo. 
Thus when hydrated ammonio-uranic sulphate, U“O^SOb(NH'^)'OSO^ -h 2H'-^0, is heated, 
it is first converted into the anhydrous salt, and finally into a new salt, containing 
less ammonia, viz. 2XJ^O^SO^.(NH‘^)“OSO®. The spectra of the three salts are similar, 
but are distinguished from one another by the arrangement and relative intensities 
of their hands. Wlien the original hydrate is slowly heated, the spectrum of the 
anhydrous salt at first accompanies that of the hydrate, and with continually increasing 
intensity, while that of the hydrate gradually fades. The passage from the hydrate 
to the new double salt is accompanied by similar appearances. 

The absorption-spectra of many uranic salts exhibit great diversities, the character 
of the absorption-bands being in many cases greatly infiuonced by the fiuorosconco, in 
others but slightly. The acetates, simple and double, wkich in the solid state give 
very different absorption-spectra, exhibit in solution almost exactly similar spectra, 
so that it may be inferred, with great probability, that double uranic acetates cannot 
exist in solution, but are decomposed in the act of dissolving. Different solvents dis- 
place the bands in various degrees. 

Fluorescence is diminished by heat. In anhydrous ammonio-uranic sulphate the 
fluorescence is considerably weakened at 140*^ and destroyed at 260°. In sodio-uranic 
acetate all the fluorescence-bands disappear at 116°, and during the heating tho bands 
are somewhat displaced towards the red end; as. the salt cools, tho optical phenomena 
regain their original character. Salts in solution lose their fluorescence at lower 
temperatures than in the solid state. Many uranic salts, especially tho carbonates, 
exhibit, when heated, a downward displacement (? towards the red end) of their 
absorption-bands ; others, especially the nitrates, and likewise the acetates, exhibit, 
when heated, not a displacement of the bands, but a distinct diminution of the general 
absorption. 

Illumination of Transjparent Lallemand’s observations on this 

subject (vii. 745) have been continued {Compt. rend. Ixxvh. 1216) with the follow- 
ing results ; The rays which produce the illumination of transparent bodies arc of two 
kinds : — those of the one kind, resulting from a direct lateral propagation of the incident 
light, have a wave-length equal to that of the latter, and are partly or completely 
polarised, according as the incident light is natural or polarised ; while those of tho 
other kind are always unpolarised, and often of less refrangibility than the original 
light : these are the rays which in transparent bodies produce fluorescence, and in 
opaque substances, body-colour. Fluorescence maybe regarded as a universal property 
of bodies, being exhibited, even by the purest liquids, as, for example, sulphur dioxide 
or cyanogen condensed by pressure. The only bodies which arc distinctly illuminated 
without fluorescing are perfectly pure quartz and rock-salt. Calcspar exhibits a rod- 
dish-orange fluorescence, somewhat brigliter and of a deeper red wdth the ordinary thau 
with the extraordinary ray ; isochromatic illumination (vii. 745), however, is scarcely 
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perceptible in this substance. Colourless fluorspar exhibits both properties in a high 
degree ; its fluorescence is of a violet-indigo colour. Pure naphthalene dissolved in 
alcohol gives a bright indigo-blue fluorescence, the spectrum of which shows all the 
colours, but most conspicuously the rays between P and Gr. When polarised light 
falls on glass which has been quickly cooled, the glass emits at certain points white 
partially polarised light, at others unpolarised light of yellowish-green or bluish-green 
colour, according to the fluorescence of the particular kind of glass. This effect is 
connected with the double refraction resulting from the internal tension of the particles. 

Illumination of Ojpaqice Bodies and External Diffusion* — The light 
scattered from the surfaces of these bodies consists of three parts ; 1. That resulting 
from true diffusion, which obeys the same laws as the inner diffusion or illumination 
of transparent bodies. 2. That which is due to true reflection from the inequalities 
of the surface. 3. That which is due to fluorescence. Lamp-black is the substance 
in which the reflection is of smallest amount, indeed almost evanescent ; nevertheless, 
this substance exhibits a faint yellowish fluorescence. In most other black substances 
the predominalt appearance is reflection, most conspicuously in platinum-black. The 
number of really black bodies, that is to say of bodies which reflect and diffuse no 
coloured light, but only a faint white light, is, however, smaller than is commonly 
supposed, many apparently black precipitates, for example, exhibiting distinct colours 
when dried and spread out in thin layers ; thus the sulphide and phosphide of copper 
are greenish-brown ; lead sulphide and silver sulphide are bluish-grey, &c. Actually 
black are the following : well-washed aniline-black ; mercury sulphide obtained by 
the action of hydrogen sulphide on mercuric chloride ; uranium oxide, ; cupric 
oxide precipitated from the nitrate by lime ; platinum-black ; iron reduced by hydrogen ; 
finely pulverised arsenic oxidised by exposure to the air (Lallemand, Ann. Chim. Dhys, 
[5], viii. 98). 

Bclations between Absorption and Dispersion in Mixtures. — When an 
ordinary transparent medium, whose refractive power n is related to the wave-length 

\ in the manner represented by the equation ^^ = a -h is mixed with a strongly 

A." 

absorbing body, the absorption-bands of the mixture are in most cases displaced 
towards the red end of the spectrum, the displacement ir creasing with the value of b. 
This relation throws lighten the hitherto obscure observations regarding the influence 
of solvents on absorption (e.y. in the chlorophyll spectrum) ; also on the observations 
made by Melde in 1865 {Dogg. Ann. exxiv. 91 ; exxvi. 265 ; Jahresh. 1865, 85) on the 
displacement and occasional disappearance of the absorption-bands of a substance 
consequent on the presence of another which does not act chemically on it, but is 
likewise capable of producing absorption-bands (Kundt, Bogg. Ann. Jubelbd. 615). 

On the relations between the absorptive powers of Coloured Bodies in the Solid 
State and in Solution, see W. Ackroyd {Chem. News, xxxvi. 159). 

Instruments for the observation of Absorption in Solutions are described by O. Crovi 
{Compt. rend. Ixxxv. 1046; Jahresh. f Chem. 1877, 184). 

On Absorption-spectra, see Specteal Analysis. 

Colours of Bodies. The change of colour produced in bodies by heat, on 
which observations were made a few years ago hy Houston (vii. 740), has been 
further investigated hy W. Ackroyd {Chem. News, xxxiv. 75; Phil. Mag. [5], ii. 423; 
Chem. Soc. Jour. xxxi. 571), who designates it hy the term Metachromatism. The 
colours were spectroscopically examined after the light had passed through a thin layer 
of the pulverised substance. Heating usually produces (as may he seen in the ease 
of potassium dichromate) a contraction of the transmitted portion of the spectrum, in 
greater proportion towards the more refrangible than towards the less refrangible 
side, whereby a change of colour is produced in the direction of the red, which is, in 
fact, the general law of colour-change produced by heat. The series of colours must, 
however, he extended beyond the red to include brown and black, and beyond the violet 
to include white (or colourless). In a series of anhydrous binary compounds of the 
same two elements, those which contain the largest proportion of metal have the most 
refrangible, and those which contain the smallest proportion of metal have the least 
refrangible, colours. Metachromatism occurs in all states of aggregation ; it is not 
necessarily connected with rise of temperature or with alteration of density, and may 
therefore be produced by increase or decrease of distance between the atoms within 
the molecule, in other words, with alteration of the atomic potential. A change from 
the white (violet) to tlie black (red) extremity of the spectrum indicates a separation 
of the atoms, the contrary change an approximation. If the alteration of the potential 
proceeds as far as chemical action, the former change of colour denotes combination, 
the second decomposition. 
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Dieliro'ism. — The double-refracting orthorhombic crystals of iodine are dichroic 
in consequence of unequal absorption, appearing dark red or brownish yellow according 
to the direction in which they are viewed. The optic axis of the rhombic plates is 
parallel to the macrodiagoni. The ray polarised parallel to this fixis suffers less 
absorption than that which is polarised at right angles thereto. The reflected light is 
polarised partly at right angles to the transmitted light, partly parallel to the plane 
of incidence. If the incident light is polarised parallel to the plane of incidence, and 
the angle of incidence is about 72^, the reflee'-ed light is of a bright blue colour, com- 
plementary to the transmitted light (Sir John Conroy, JPtoc. Boy. Soo. xxv. 51). 

The absorption-spectra of iodine in the solid and fused states are nearly identical, 
and consist only of the red portion to a little short of B, beyond which absorption 
takes place very rapidly in fused, more slowly in solid iodine. The solutions, ns 
formerly observed by Schultz-Sellack (vii. 672), are either red-brown or violet. 
To the former class belong the solutions in alcohol, ether, ethyl bromide, ethylene 
chloride, benzene, glycerin, aqueous potassium iodide, hydrochloric acid, &c. : they 
absorb the spectrum from the violet end to about the middle between^;)!) and E ; to 
the latter, the solutions in disulphide, tetrachloride, and monochloride of carbon, 
chloroform, phosphorus trichloride, stannic chloride, and hot concentrated sulphuric 
acid : these solutions strongly absorb the rays of medium refrangibility, and their 
spectrum resembles that of iodine-vapour (vii. 672). In thin layers, or when some- 
what dilute, they appear red; in thicker layers violet, because the violet rays are 
still transmitted after the red have been absorbed (Conroy, Proc. Boy. Soo. xxv. 46). 
The diehroism of iodine in alcoholic solution has also been observed by Andrews 
(Chem. News, xxiv. 75). 

Temporary diehroism may he produced by tension in caoutchouc and gutta-percha, 
and in a slight degree in gelatin which has been made extensible by addition of 
glycerin and coloured by certain dye-stuffs (A. Kundt, Poyg. Ann, cli. 125). 

Elliptic Polarisation and Sii rfa c e-col ou v s. — E. Wiedemann {Poyg. Ann . 
cli. 1) has determined the relation between the angle of incidonco and the pliaso of 
retardation of the reflected ray (iii. 659) for five spectral colours, from rofloct/iiig sur- 
faces^ of fuchsine, aniline- violet, and copper. Strong elliptic polarisation was observed 
also^ in light reflected from a concentrated solution of fuchsine. The changes of colour 
exhibited by bodies with surface- colour in contact with media of different rofrangi- 
bility— first observed by 'Ka.idmgev {Wien. A/cad. Per. viii. 07 ; Jahresb.f. Ch&m. 1852, 
162), have been fiirther studied by Wiedemann, whose experiments show that the 
surface-colour varies enormously according to the nature of the medium in contact 
with the body, and that the changes of colour in the light reflected from double-re- 
fracting crystals according to the inclination of the reflecting surflxce to the axis of 
the crystals— -also studied by Haidinger {Pogg. Ann. Ixxi. 321 ; Jahresh. 1847-48, 
194)— are independent of any particular arrangement of the surface-particles. Amongst 
the relations brought to light by this investigation, the following may be especially 
mentioned : (1).^ That the colours most strongly reflected (in air) likewise exhibit the 
strongest elliptic polarisation; and (2) That the principal angle of incidence, or 
polarising angle (whose tangent is the index of refraction, iii. 653), is subject to the 
most rapid variations for wave-lengths nearly corresponding with absorption-bands 
{comp. Kundt, vii. 744). Semi-metallic bodies, in regard to the phases of retarda- 
tion of light which falls upon them, behave like transparent bodies for the rays which 
they transmit, and like metals for those which they reflect. 


II. CmcriiAR Polarisation.'^ 

Polarimeters, or Pol^istrobometers (from crrpojSoy, rotation).— Sacchart- 
meters. Besides the Soleil Saccharimeter, a number of other instruments are now 
in use for determining the rotatory power of optically active substances, and may 
here be briefly described. 

Soleil-JDuboscq Saccharimeter. — The Soleil saccharimeter now manufactured 
by Duboscq of Paris is in all essential features identical with that already described (vol. 
iii. 674) ; the regulator ni (fig. 697, vol. iii. 674) is placed, however, at the eye-piece* 
end of the instrument instead of behind the polariser c,t as will be evident on inspection 
of fig, 32, where P is the polariser, A the analyser, consisting of an achromatised 


^ In this section of the article ‘ Lis:ht ’ I am indebted to Dr. Armstrong, P.D.S., for many valu- 
able additions and suggestions. i3[ 

t In the description at p. 674, vol. III., it is stated (line 18 fi-om top) that the incident' light is 
polarised by the prisru • the prism c is really the polariser. 
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ealcspar prism, 0 the quartz-plate, and N the Nicol, -which together constitute the 
regulator ; the prism N is fitted in a milled collar E. 

The scale of this instrument is constructed so that the space between 0 and lOO 
exactly represents the distance through which the quartz-wedges most be mov'ed in 



order to compensate the deviation produced by a plate of quartz 1 mm. thick placed 
between the polariser and analyser at right angles to their common axis, in the position 
ordinarily occupied by the substance under examination, Clerget in 1849 stated that 
a column 200 mm. in length of an aqueous solution containing 16-473 grams cane- 
sugar in 100 C.C., was capable of producing the same deviation of the polarised ray as 
such a plate of right-handed quartz ; Eubrunfaut subsequently pointed out that only 
16‘390 grams wore necessary, and the amount was afterwards still further reduced to 
16*350 grams by a commission consisting of Barreswil, Duboscq, Pouillet and 
Schlosing.* The directions now issued with the instrument specify this last-named 
amount as that which is to be used in verifying tho scale; and if this weight of a 
substance containing cane-sugar unmixed with any other optically active body be dis- 
solved in water to 100 c.c., and the extent to w'hich the wedges must be displaced in 
order to compensate the effect produced by a column 200 mm. in length of the solu- 
tion be determined, the scale-reading directly represents the percentage of cane-sugar 
in the substance under examination f ; if any other weight, w, of the substance be 
taken, and the extent to which the wedges must bo displaced be ascertained, then 
calling this 5, the percentage of cane-sugar is given by the proportion 

a? =: ii_? 

w 


SoleiUVentzJce, or Soleil-V ent zJce-8cheihler Baccharimeter . — The 
Soleil-Ventzke instrument differs from the Soloil only in possessing a different scale. 
The Soleil-Ventzko-Scheiblcr saccharimeter has in addition certain mechanical im- 
provements introduced by Seheibler ; tlie regulator is placed in front of the polariser, 
and only one wedge of tho quartz compensator is movable. The disposition of the 
optical parts is shown in fig, 33. 


© 


□ 


an- 


Pm. 33. 

The Soleil-Ventzke scale is graduated by means of a solution of cane-sugar of the 
density 1*1 at 17*5° ; such a solution is prepared by dissolving 26*048 grams of sugar 
to 100 c.c. The space through which the compensator is moved from the zero position 
in order to neutralise the effect of a column 200 mm. in length of the solution is 
divided into 100 equal divisions, so that if 24*048 grams of a substance containing 
cane-sugar as the only optically active constituent be dissolved to 100 c.c., and the 

* Schmitz and Tolleus' experiments indicate 16-302 grams as the proper amount (comp. Landolt, 
X>as optische DreJmngs-vtTmiSgm ot-gicnischer Subsfanzen : Brunswick, 1879, p. 206). 

t This of course is true only on the supposition that the rotatory power of cane-sugar in solution 
is independent of the concentration, which it is not entirely (see pp. 1205, 120C), 
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solution be examined in a 200 mm. tube, the scale-reading will at once indicate the per- 
centage of sugar. 

The Soleil saeeharimeter furnishes exact results only in the case of bodies which 
like cane-sugar and dextrose have the same or nearly the same rotatory dispersive 
power as quartz (see p. 1206), as the two halves of the field cannot be obtained of the 
same tint when substances which do not exhibit the same rotatory dispersive powder as 
quartz — especially such as produce a considerable rotation of the plane of polarisation 
— are interposed between the polariser and analyser. Moreover many persons are 
either colour-blind or have a difficulty in judging of colours. These objections do not 
apply to the instruments now to be described. 

Mitsoherlich^ s Folarimeter. — The simplest form of polarimetor, often called 
by this name, consists of a polarising and analysing Nicol with the addition of a lens in 
front of the former to concentrate the light, and produce a circular field, and of a small 
telescope in front of the analyser (iii. 673). The analyser is attached to a vernier, 
capable of moving round a graduated circle. To set the instrument, and determine 
its zero-point, a ray of homogeneous yellow light from a sodium flame js passed along 
the axis, and the analyser is turned till the field of view exhibits the greatest dark- 
ness. This takes place in two positions 180 degrees apart, namely, when the princi- 
pal sections of the polarising and analysing Nicol’s prisms are at right angles to each 
other. If, however, the field of view be rather large, it does not become entirely 
dark, but is crossed by a vertical black band, which gradually becomes lighter towards 
the edges. This band should be exactly in the centre of the field when the index 
points to 0®. ’ If now, the analyser having been brought to the zero-point, a tube 
filled with an optically active liquid he placed between the prisms, the field will 
appear more or less bright ; and to measure the angle of rotation, the analyser must 
be turned to the right or to the left till the field or the black band in its centre again 
attains its greatest darkness. 

If, however, the direction of the rotation be not previously known, the interpreta- 
tion of the phenomena requires attention to the following considerations. Suppose 
the plane of polarisation, originally in the position A 15 
(fig. 34), to be turned by the action of the liquid into 
the position C D, making an angle of 30® with A B. 
The greatest darkness will then occur when the index 
points either to 30° or to 210°, indicating either a 
dextro-rotation of 30° or a laevorotation of 360”-210° 
= 150°. In nearly all eases the true rotation is in the 
direction of the smaller deflection. This, however, 
would not bo the case if the angle of rotfitiou were 
greater than 90°, which might occur if the rotatory 
power of the liquid were very great, or the tube more 
than 2 decimeters long. In such cases the question 
may be decided by using a tube of only half the 
original length, or diluting the solution to half its 
original strength. The rotation will thereby be re- 
duced to half its original amount, and its direction 
will be easily recognised. If, for example, the field 
becomes dark when the analyser is at 15° or 195°, the decrease takes place in the 
direction of dextro-rotation, whereas the angle measured to the left mcreascs from 
150° to 160°, which is inconsistent with the conditions of the experiment. 

Wild's I^olaristo'obometer . — This instrumont, invented by Wild in 1804 
(Ueber ein nmes Polaristrobometer, 1865), gives indications much more exact 
than those of Mitscherlich’s apparatus. The essential feature of it is that between 
the polariser and analyser, the former of which is movable, there is inserted a Savart’s 
polariscope, whereby a number of black interference bands are produced, which dis- 
appear in certain positions of the polariser. These positions, which can be sharply 
distinguished, afibrd the means of setting the instrument. The light used is that of 
the sodium flame screened by a plate of potassium bichromate. 

^ The construction of the instrument is shown in figs.. 35 and 36, the identical parts 
being indicated by small letters in the former, by capitals in the latter. The polarising 
and analysing arrangements are fixed at the ends of a brass frame Y, moving hori- 
zontally and vertically on the stand X. The light entering at a into the tube 5 passes 
first through the round diaphragm c (10 mm. in diameter), and then through tlie 
Nicol d. The mounting of these pieces is firmly attached to the circular disc c, and may 
be turned therewith round the axis. The polarised rays pass through the active 
liquid in the tube/, and lastly enter the fixed eye-piece. This part of the instrument, 
called the polariscope, contains : first, the part which yields the sensitive interference 
phenomena, namely, two plates of calcspar each 3 mm. thick, cut at an angle of 45° 


A- 
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to the optic axis, and cemented together in such a manner that their principal sections 
are at right angles to one another. Next follow two lenses h and i (of 120 mm. focal 
length), forming a telescope which magnifies about 5 times, with an arrangement for 
altering the distiuice of the latter. Between these, and in the focus of the object-lens 
h, is a circular diaphragm of about 4 mm. aperture, and provided with cross- wires 



£ 


Fig. 35. 

in the form of a cross. , Lastly comes the Nieol’s prism I, mounted with its principal 
section horizontal, and therefore inclined at 45° to the crossed principal sections of the 
double plate To keep the parts g and I in the same position, the movable part of 
the eye -piece containing the Nicol and the lens % is furnished with a guiding pin. The 





Fig. 36. 

entire polariscope slides within a tube Z, fixed on the horizontal frame Y, and can be 
rotated therein through a small angle, for which purpose the tube c is provided with 
a guiding slit, and two clamping screws on m. A circular screen is fixed at n to pro- 
tect the eye of the observer from extraneous light. 

To enable the polarising Nicol to be rotated, its mounting, together with the 
circular disc attached to it, moves within a ring, fixed to the frame Y. The disc carries, 
on the side next the observer, a toothed wheel, and in this works the pinion o, which 
can bo moved by the button f at the end of the rod q. The disc is graduated nearer 
its circumference, and in front of the graduation is fixed a vernier, or the simple index 
T. The graduation is read off by the telescope s, at the end v of which is an obliqucdy 
placed metallic mirror, with circular aperture, which reflects to the vernier the light 
of a small gas-flame placed on a movable arm. The instrument is usually made for 
Von. Vill. 4 I 
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holding tubes up to 220 mm. in length. If it is to be used for scientific purposes, the 
disc must be graduated all round ; for use in saccharimetry, a graduation extending 
only over one or two quadrants may be sufficient. 

To set the instrument, the zero-points must first be determined by placing an 
empty tube in position and drawing out the eye-piece of the polariseopo till the 
X-formed cross-lines are distinctly seen. If the polariser be 
then turned round by means of the button p (fig. 35), a position 
will be found in ■which the field of view will be traversed by a 
number of black parallel bands or fringes (fig. 87«). On (‘on- 
tinuing to turn, these fringes gradually bc^come paler, and a point 
is at length reached at which a portion of the field appeiirs bright 
and free from bands. By a slight backward and forward move- 
ment of the button, this bright portion may be brought into the 
middle of the field, and the remains of the fringes will Still bo 
visible at equal distances right and left of the cross-lines (fig. 37 h). 
This position serves as the starting point for reading off the 
graduation. On turning the Nicol further roilhd, the fringes 
first become stronger up to a certain maximum, then fainter till 
they disappear, and in a complete revolution of the disc this 
appearance may be observed four times, at intervals of 90°. In 
each of these positions the residual fringes usually assume a 
distinct form, which must be impressed on the memory {comp. 
Landolt, op. cit. p. 106). 

The disappearance of the fringes corresponds with those 
positions of the movable Nicol at which its principal section is 
either parallel or perpendicular to that of the first calcite plate of the polariseopo, 
and, on the_ other hand, the greatest depth of the fringes takes place when these 
planes are inclined to one another at an angle of 45°. The optical parts of the in- 
strument are adjusted by the maker in such a manner that the zero-points may fall 
nearly on the divisions 0°, 90°, 180°, and 270°; they may, however, bo shifted a little 
by means of the screws m m. 

The movable Nicol having been brought to one of the four zero-points, the re- 
placement of the empty tube by a tube filled with an active liq'uid, by whicli the plane 
of polarisation is turned through a certain angle, causes tlio interforenco-bandH to 
reappear ; and in order to bring the plane of polarisation hack to parallelism or per- 
pendicularity with that of the first plate of calcite, the Nicol must bo turned round 
the opposite way, i.e, to the left or right accordingly as the active substance is doxtro- 
or Isevogyrate : the fringes will then reappear. 

If the direction of rotation of the active liquid is not previously known, it is best 
ascertained by filling the tube with a dilute solution of the substance, so ns to produce 
only a slight deviation, the direction of which, right or left, is easily distinguished. 
If, on the other hand, the deflections are of larger amount, doubts may arise as to 





Big. 37. 


their direction, in the same manner as with Mitscherlich’s apparatus. Suppose, for 
example, that the four zero-points are situated at 

0° 90° 180° 270° 

and that after insertion of the tube containing the active liquid, the fringes disappear 


30° 120° 210° 300° 

then, as shown by figs. 38--41, the active liquid may be either dextrogyrate 
angle of 30° (fig. 39), or Is&vogyrate with an angle of 60° (fig. 38). 


with an 
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To decide the question, a second observation must be made either with a shorter 
tube or with a weaker solution. If, for example, the length of tube, or the concentra- 
tion, in the second experiment, be only half that in the first, the angles of rotation 
will also be reduced to one-half their former magnitude. The fringes will therefore 
disappear at the positions 

15° 105° 195° 285° 

if the liquid is dextrogyrate (fig. 41), or at 

60° 150° 240° 330° 

if it is loevogyrate (fig. 40). 



15 * 
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If, therefore, the observation with the shorter tube or weaker solution gives a 
number smaller than that obtained in the first experiment, the rotation is to the 
right ; if, on the contrary, a larger number is obtained in the second experiment, the 
rotation is to the left. 

In the examination of highly active liquids, it may happen that the angles of 
rotation exceed 90°, so that tiio readings fall in the following quadrants. To aA^oid 
errors in such cases, it is in like manner necessary to make obserARilions Avith two 
tubes dififbring in length. Lsevogyrate nicotine, for example, in a tube 100 mm. long, 
gave, in round numbers, the following results : — 



Quad. I 

Quad. II 

Quad. Ill 

Quad. IV 

Empty tube , 

00 

180 

270 

360 

Filled tube . 

18 

108 

198 

288 

Angle of Eotation . 

72 

72 

72 

72 


On repeating the obseiwation with a tube 50 mm. long, the results were : — 


Empty tube . 

I'illed tube . 

Quad. I 

90 

9 

Quad. II 
180 

99 

Q-iad. Ill 
270 

180 

Quad. IV 
360 
279 

Angle of notation . 

81 ■ 

81 

SI 

81 


Instead, therefore, of the half-deflection expected in the latter case, a deflection 
was obtained even greater than that with the longer tube. If 50 mm. nicotine pro • 
duce a deflection of 81°, 100 mm. should giAe 162°, and this result is, in reality, 
obtained Avhen the zero-points in the second series of observations corresponding with 
this double length of tube are shifted one quadrant to the right. We have then : — 

Empty tube . . 11 180 III 270 IV 360 I 90 

Filled tube. . I 18 II 108 111 198 IV s- 72 ( = 360-288) 

Angle of Eotafcion 162 162 162 162 

These relations may be made clearer by inspection of figs. 42 and 43, the former 
of which represents the rotation for a column 50 mm. long, the latter for 100 mm. 

In all exact experiments it is necessary to carry out the observations in all the 
four quadrants. It will then be found that the observed angles of rotation differ 
from one another by somewhat considerable amounts, the differences arising from 
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defectjs in the construction of tlie Mcols, and from inexact mounting of the two calcite 
plates of the Savart’s polariscope. These errors, however, may he made to disappear 
completely by taking the mean of the angles of rotation observed in the four 
quadrants. 



Fig. 42, Fig. 43. 


Half-shadow Polari'i7ieters {Polarimhtrcs a jpe^iomhre ). — In these instruments, 
invented by Jelett, Cornu, and Laurent, the circular field of view is divided into two 
equal parts which, within certain positions of the analyser, are unequally darkonod, 
but in one particular position exhibit a faint and equal degree of shading. Odiis 
point, which may be very exactly observed, servos for sotting the instrunnmt. The 
light used is that of the sodium-flamo. 

The penumbral apparatus most in use, especially for saccharimetry, is that of 
Laurent {Dingl, pol. J. ccxxiii. 608) represented in section in fig. 14, where a is a 



Fig. 44. 


thin plate of potassium dichromate, serving to free the yellow light from admixed 
green, blue, and violet light; h the polarising prism ; c a diaphragm carrying a glass 
plate to which a thin plate of quartz, cut parallel to the axis, is affixed so as to 
cover exactly one half of the field; d the tube containing the active liquid; c the 
analysing NieoFs prism ; and/p^ a Galilean telescope of low power. The analyser is 
moveable, the extent to which it is moved being road off on a divided circle. Tlie 
observation is made with a sodium-flame. 

The quartz plate is of such thickness that, in their passage through it, the yellow 
rays polarised parallel and perpendicular to its axis suffer a retardation of exactly 


, :b 



in a J polanser js set so that the entemg rays are polarised 

parallel to the pis of the quartz plate P Q,, fig. 45. both halves of the 
neia are ot the same relative intensity, whatever the position of the analyser • but if 
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the quartz plate be inclined at an angle u; to A 33, the rays passing through the plate 
are deflected to an equal extent a\ in the opposite direction, so that whenever the 
plane of polarisation is in the direction A 0 in the uncovered half of the field, it is in 
the direction A C' in the covered half. On turning the analyser, the rays polarised 
parallel to either A C or A C' are extinguished according as the plane of polarisation of 
the analyser comes into the position c c or c' o' (figs. 46, 47) ; so that while one half of 
the field appears perfectly dark, the luminous intensity of the other half is only 
partially diminished; when it attains the position bb (fig. 48), the intensity is 
diminished to an equal extent in either half, and the whole field is uniform in tone ; a 
very slight movement in either direction, however, then causes a perceptible difference 
in the intensity of the two halves. 

When the polariser and analyser are set with their principal sections at right 
angles, the field of view appears darker the smaller the angle a at which the plane of 
polarisation of the polariser is inclined to the axis of the. quartz plate. The instrument 
is provided with an adjustment which permits of a slight alteration of the position of 
the polariser relatively to the quartz plate ; it is the more sensitive, however, the less 
the polariser is moved from the normal position. 

Jelett- Cornu Shadow JPolariscope , — This consists^ of an ordinary Nicol’s prism, 
as analyser, and a peculiarly constructed Nicol, devised by Jelett, as polariser; the 
analyser is movable, and is associated with a divided circle. Yellow monochromatic 
light is employed in making the observation, a plate of bichromate being placed before 
the polariser. The polariser is constructed by cutting through an ordinary Nicol 
across the shorter diagonal and grinding down the two cut surfaces ; the two 
halves are then cemented together again, and thus form a double Nicol having two 
principal sections inclined at 5°. The field presents precisely the same appearance a,s 
that of the Laurent instrument; on turning the analyser until its principal section is 
at right angles to one of the principal sections of the polariser, the corresponding 
half of the field becomes perfectly dark ; a rotation of 5° renders the other half dark 
instead, but at an intermediate position of the analyser, the two halves of the field, 
although perfectly dark, are of equal intensity. ^ ]3oth with this and the Laurent 
instrument it is necessary to use a light of considerable intensity, and it is of con- 
siderable advantage to concentrate the light by means of a Ions interposed between 
the flame and the polariser. 

Usually only one half the circle of the Wild, Laurent, and Jolett-Cornu polari- 
scopes is divided into degrees, the other half bearing a sugar scale ; but different 
scales are adopted by the various makers. Thus the sugar scale of the Jelett-Oornu 
instrument manufactured by Luboscq of Paris is similar to the Soleil saccharimoter 
scale, an arc (of 21® 40' being divided into 100 equal divisions, and each division 
indicating 1 per cent, of cane-sugar when the solution examined is prepared by dissolv- 
ing 16*35 grams of substance to 100 c.c. The Laurent polariscope made by Schmidt 
and Haensch of Berlin is provided with the Yentzko scale, each division indicating 
1 per cent, of sugar when 26*048 grams of substance is taken. The Wild-polaristro- 
bometer, manufactured by Hermann and Pfistcr of Bern, has yet a different scale, 
based on the observation that a 200 mm. column of a solution containing 40 grams 
cane sugar in 100 c.c. has a rotatory power of 63‘134® ; an arc of this extent is divided 
into 400 equal divisions, so that if 20 grams of substance be dissolved to 200 c.c. 
and the solution examined in a 200 mm. tube, the number of divisions of the scale 
through which the index is moved multiplied by 2 expresses the percentage of sugar 
present. 

If it be desired to convert the scale-readings of either form of the Soleil 
saccharimeter into actual degrees, it is simply necessary to bear in mind that, accord- 
ing to Broch, a plate of quartz 1 mm. in thickness rotates the plane of polarisation 
of light of the rofrangibility of the D lines 21*67°, and the medium yellow rays 24*6® ; 
therefore : 

1 division Soleil-Duboscq (j) = 0*2167° «!> 

1 ,, jj “ 0*245® ctj 

26*048 

The divisions of the Soleil- Yentzke scale are — = 1*593 times as large as those 
of the Soleil-Luboscq scale. 

As already pointed out, each division of the Soleil-Duhoscq or Soleil-Ventzke scale 
represents the same amount of sugar, only if the rotatoiy power of cane sugar in 
solution be independent of the concentration ; hut the experiments of Schmitz and 
Tollons have shown that this is not quite the case. The following table shows the 
extent to which the scale readings of the Soleil-Luboscq instrument require correction 
(Landolt, cit. p. 167) : 
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! 

1 Grams of sugar in 100 c.c. of solution 1 

Scale 

Corrected scale 





reading 

reading 

xlijjLerence 

Uncorrected 

Corrected 

Difference 

100 

100-00 

__ 

16-350 

16*350 

— 

90 

89-98 

-02 

14-715 

14-712 , 

■003 

80 

79-97 

•03 

13-080 

13-075 

■005 

70 

69-96 

•04 

11-445 

11-438 

'007 

60 

59-95 

•05 

9-810 

9-802 

008 

50 

49-95 

05 

8-175 

8-167 

*008 

40 

39-95 

•05 

6-540 

6-532 

•008 

30 

29-96 

04 

1 4-905 

4-898 

•007 

20 

19-97 

•03 

3-270 

3-265 

•005 

10 

9-98 

•02 

1-635 

1-632 

if 

•003 


The correction is slightly higher in the case of the Soleil-Ventzke instrument, 
although for solutions containing less than 16 and above 85 per cent, it is so small 
that it may be neglected. Schmitz has calculated a table giving the correction for 
each scale division between 0 and 100 (see Landolt, qp. cit. p. 156). 

JOetermimtion of the Angle of Botation for different Bays by BrocBs (Fhcau a7id 
FoucatoU's) 7 nethod. — The instruments above described allow only of the determination 
of the rotatory power for the medium yellow rays or for light of the refrangibility of 
the D lines ; the rotatory power for rays of other wave-lengths may, liowover, be de- 
termined by the method indicated by Broch, and simultaneously by Bizoau and 
Boucault in 1846, by combining a spectroscope with an ordinary polariscopo wf two 
Nicol’s prisms. By means of a heliostat, a horizontal beam of sunlight is reflected 
into a darkened room and allowed to fall on the polariser, and a spectroscope, the eye- 
piece of the observing telescope of which is provided with cross-wires, is placed in 
front of the analyser. In the first instance, the polariser and analyser are set with 
their principal sections at right angles, so that the light is completely extinguished. 
On introducing the substance, the rotatory power of which is to bo measured, between 
the Nicols — since the planes of polarisation of the various components of the white 
light are deflected to a different extent in their passage through the active substance, 
and the colour whose plane of polarisation is perpendicular to that of the analyser is 
extinguished- -the emergent light is coloured, and the spectrum soon on looking 
through the spectroscope contains, in addition to the ordinary Fraunhofer lincis, a 
black band which shifts its position as the analyser is rotated. The observation con- 
sists in adjusting the cross-wires so as to coincide with one of the Braunliofer lines, 
and then rotating the analyser until the centre of the black band is in the position 
previously occupied by the Fraunhofer line. The angle through which the ana,lysor has 
been moved is then read ojBf on the divided circle to which it is attached; and this read- 
ing represents the angular deviation of light of the wave-length of the pjirticular line. 
V. von Lang has employed this method (Pogg. Ami. clvi. 422) in determining the 
rotatory power of quartz for light of the refrangibility of the rod lithinm line, the 
yellow sodium line, and the green thallium line, using artificial light, and this modified 
form of the method is prohaV)ly of wide application. First a Bunsen flame is placed 
in front of the polariser, and a salt is heated in it capable of yielding a spectrum con- 
taining the line of the desired wave-length (a Geisslor tube containing hydrogen may 
also be employed) ; the cross-wires of the spectroscope having been adjusted to this 
lino, the Bunsen is replaced by an Argand burner, and the analyser rotated until the 
black band, which is seen on a background of continuous spectrum, is coincident with 
the cross-wires. In determining the rotatory power for rays near the limits of tho 
visible spectrum, it is necessary to employ the lime light as the source of tho con- 
tinuous spectrum, as the light from an Argand burner is not rich enough in rays of 
extreme refrangibility to illuminate sufiSciently the region on either side of the dark 
band. The chief objection to this method arises from the difficulty of di'termining 
exactly the position of the centre of the band, because of the gradual manner in which 
it shades off on either side: hence also consecutive readings are liable to differ to a 
greater extent than is usual with the instruments ordinarily employed. The motliod 
furnishes the most accurate results with substances of medium rotatory power (corap. 
’Wiedemann, Pogg. Ann. (1851), Ixxxii. 215). 

Accuracy of mrious form.^ of Polariscopc. — According to Landolt (op. cit. 
p. 117), equally accurate results may be obtained with either Wild’s or Laurent’s 
or even Mitscherlich’s instrument, the numbers fiu’nished by the throe differing 
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at most in the second and very often only in the third place of decimals. The results 
of two practised observers with the same instrument agree to a few hundredths 
of a degree. 

Influence of Wave-lengtli on tlie Angle of Rotation. — The rotation of 
the plane of polarisation produced by the passage of a ray through a given thickness of 
an optically active substance, increases in nearly all cases as the wave-length diminishes, 
being least for rod and greatest for violet light. Biot inferred, from observations on 
quartz, that the angle of rotation is inversely proportional to the square of the wave- 
length (iii. 672). Recent observations have shown, however, that this law is not 
exact, and Boltzmann (Poyy. Am, JiMbd. 1828, 28) has shown that the formula 



where A and B are constants to he determined by experiment, agrees very closely 
with the results of observation. From measurements by Stefan (Pcyy. Ann, cxxii. 631) 
and V. Lang {ijpid. clvi. 422), on the rotatory power of quartz for the several lines of 
the spectrum, Boltzmann has calculated the formula 

7*07018 0T4983 

10«.A2 

which differs from the results of observation only by hundredths of a degree. 

On comparing the angles of rotation for light of the refrangibility of several of 
the chief spectral lines iii different bodies, it is found that, besides the absolute 
differences of value for the same ray in different bodies, there are also differences in 
the relative values : in other words, the rotatory dispersive power is different 
for different bodies. Thus taking the results of measurements of the rotatory powers 
of a numbor of substances specified in the following table : — 


B C I) E F G 


Quartz 

1mm. 

15*55° 

17*22° 

21-67° 

27-46° 

32-69 

42-37° 

Cane-sugar 

[“] 


47*56 

52-70 

66-41 

84-66 

101-18 

131-96 

Cholic acid 

[“] 


28-2 

30-1 

33-9 

44-7 

52-7 

67*7 

Cholosterin 

[«■ 

1 ■ 

-20-63 

25*64 

31-59 

39-91 

48-65 

62-37 

French turpentine oil . 

alOO mm.' 

-21-5 

23*4 

29*3 

36-8 

43-6 

55-9 

Lemon oil . 

alio mm. 

34-0 

37*9 

48*5 

6.3*3 

77*5 

106-0 


and calculating the ratios of tho rotation of rays 

of the 

refran 

gibility of 

the linos 

C D K F G to that for tho 

lino B, tlie 

results exhibited 

in the 

following 

table are 

obtained : — 

B 

C 

D 

E 

F 

Ct 

Quartz 

. 1 

1-11 

1-39 

1-77 

2-10 

2-72 

Cane-sugar . 

. 1 

1-11 

1*40 

1-78 

2-13 

2-77 

Cholic acid . 

. 1 

1-07 

1-20 

1-59 

1-87 

2-40 

Cholesterin . 

. 1 

1-24 

1-53 

1-93 

2-36 

3-02 

French turpentine oil 

. 1 

1-09 

1-36 

1-71 

2-03 

2-60 

Lemon oil . 

. 1 

1-11 

1-43 

1-86 

2-28 

3-12 

Hoppc-Soylor ha.s dote 

rniinod the specific rotatory power 

of dextroglucose for 


light of the rofraugibility of tho C, 11, E, and F lines with the following results ; — 


[a]c Wf 

42-45 53-45 67*9 81-3 

and diviiling these by the rotatory }power of 1 mm. of quartz, the following ratios are 
obtained : — 

2-46 2-47 2-47 2*49 

These numbers sliow that quartz, cane-sugar, and dextroglucose have equal 
rotatory dispersive powers, whereas in other bodies the rotatory dispersion is either 
greater or less than in quartz. This circumstance is of importance with regard to the 
use of the Soleil saceharimeter (iii. 674), the construction of which is based on the 
assxxmption of the equality of dispersion of the substance under examination with that 
of quartz ; and as this appears to be the case only with cane-sugar and dextroglucose, 
it follows that tho rotatory powers of other bodies cannot be exactly determined with 
this form of instrument. 

Anojnalotis Botatory Dispersion . — Tartaric acid in both its modifications offers a 
romarkablo exception to the rule above stated that the deviation which a polarised 
ray undergoes in its passage through an optically active substance is greater the 
shorter its wave-length. This was first observed by Biot, but Arndtsen established 
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the law of the phenomenon (Ann, CJiim, [3], liv. 415). The rotatory power of 
tartaric acid in aqueous solution varies greatly with the concentration, hut in such a 
manner that it may be represented by the linear equation 

[a] = A + -Be, 

wdiere e is the percentage of water present. From experiments with solutions con- 
taining from 5 to 50 per cent, of the dcxtro-acid, Arndtsen has deduced the following 
values of A and B for light of the refrangibility of the linos C, D, F, b, F, e. 


ai 

0 = 

+ 2*748° 

+ 

9*446 

CL 

D = 

1-950 

-f- 

13*030 

pi 

E — 

•153 

4. 

17-514 

pi 

b - 

- -832 

+ 

19-147 

pi 

E — 

- 3*598 

+ 

23-977 

a 

!g = 

- 9*657 

+ 

31-437 


The results are represented graphically in the following table : — 



It will ho noticed that solutions containing not less than about 85 per (‘ont,. of wMtor 
exhibit a normal behaviour, exercising a maximum rotatory oifect on tho most re- 
frangible rays, but that as' the concentration increases, the point of maximum ( 3 {tcet 
gradually passes to the other end of the spectrum, tho most refraugiblo rays being the 
least rotated by a solution containing about 55 per cent, of tho acid. EvhbintlV tlu' 
lines G e, FF, and BE, if prolonged, would cut tho base lino at a point holwoon 6 and 
50 : in other words, rays of these refrangibilitios would suffer Imvorotabion in tlieir 
passage through highly concentrated solutions of dextrotartaric acid. The rotatory 
power of the acid itself may be calculated to bo as follows : 

0 D B Tb P 0 

[a] = + 2*748'^ 1-950^ *103° --832° -3'598° -9*657°. 

Solutions to which only a very small amount of boric acid has been added, or 
floated solutions, do not exhibit the above-described anomalous behaviour (Eiot; 
Krecke). ’ 

Two optically active, chemically indifferent bodies of opposite rotofory power, 
having diferont rotatory disjoersive powers, if mixed in certain proportions, would (as 
Biot has shown for a solution of dextrorotatory camphor in Isevorotatory turpentine 
oil) exhibit phenomena similar to those manifested by tartaric acid solutions; hence 
the most probable explanation of the anomalous rotatory dispersive power of solutions 
of tartaric acid would appear to be that they contain, besides the acid, a compound of 
opposite rotatory power of the acid with water, in proportions varying according to the 
concentration and temperature of the solutions. 

Influence of Temperature on Rotatory Power. According to Tuchschmid 
(J. Qlmn. [2], ii. 235), the specific rotatory power of cane-sugar ni aqueous solution 
IS not alfected by alterations of temperature ; the same is true of the specific rotnlory 
power of camphor in alcoholic solution (ihid\ but tlio specific rotatory power of tlie 
majority of substances varies -with tho temperature, and most frequently diminislica 
as the temperature rises; laivulosc is a notable example of this kind of alteration- 
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Gernez has investigated the alteration in specific rotatory power with rise of tem- 
perature of a number of torpenes and of camphor, and has extended his observations 
to temperatures above their boiling points. The results obtained for French turpentine 
and camphor are exhibited in the folloAving table {Ann. scieiit. de VEcole norm. sup. 
i. 1):- 


Temperature 

Density 
referred 
to water 
d 

Observed 

angular 

deviation 

a 

Length 

of 

tube 

1 

Sp. rot. power 



Erench T-iirpcntine Oil. 




11° 

•8712 

15-97° 

•5018 

36-53 

Liquid . , 

98° 

7996 

14-47° 

•50215 

36-04 


164° 

•7505 

13*50° 

•50237 

35-81 

Vapour . 

168° 

*003987 

5*76° 

40*61 

35-49 

Vapour-density at 168° = 4*98 L Theoretical density, 4'700. 



Camphor. 



Fused 

204° 

•812 

31*46° 

*5509 

70-33 

Vapour , 

220° 

•003843 

10*98° 

40-63 

70-31 

Vapour-donsi 

by at 220° == 5*369. Theoretic 

al density, 5*2 

52. 


These results are of especial importance, as they prove that the rotatory power of 
substances such as the torpenes is a property of the individual molecules, so that the 
optical differences between the various torpenes cannot be supposed to bo due to their 
consisting of aggregates of different degrees of complexity. 

Tartaric acid in aqueous solution exhibits a considerable increase of rotatory power 
with rise of temperature (Tuclischmid, loc. cit. ; Krocke, Arch. Nccrland, vii. 97)* The 
following results of a series of observations with three different solutions have been 
published by Krecke : 


T’emperaturo 

Percentage of tartaric acid. 

40 

20 

10 

0° 

La]„= 5-53° 

[a]„= 8-60° 

[«]„ = 9-95° 

10 

7-49 

9-96 

10-94 

20 

8-32 

11-57 

i2-2r) 

30 

9-62 

12-49 

13-93 

40 

11-03 

13-65 

15-68 

50 

12-27 

15*01 

17-11 

GO 

12-63 

16-18 

18-31 

70 

13-38 

17*16 

19-42 

80 

14-27 

18-40 

20-72 

90 

15-91 

19-99 

22-22 

100 

17‘66 

21*48 

23-79 


According to Eiot, whereas fused liquid tartaric acid has a considerable dextro- 
rotatory power, the solidified acid is feebly Isevorotatory. 

3tn£luence of neutral solvents and of optically inactive substances on 
the rotatory power. Biot was originally led, by the investigation of the rotatory 
power of cane-sugar, to the conclusion that the rotatory pow'er of a solution of an active 
substance in an iniictive medium was directly proportional to the amount of active 
substance present. In 1838, however, ho discovered the exceptional behaviour of 
tartaric acid, and in 1852 he showed that the specific rotatory power of oil of turpen- 
tine dissolved in alcohol increased, wdiilo that of camphor dissolved in alcohol or acetic 
acid diminished, on increased dilution ; also that the specific rotatory power of 
camphor deduced from observations with an alcoholic solution did not agu'c with 
that deduced from observations wuth an equally concentrated acetic acid solution 
{Ami. Chim. Fhi/s. [3], xxxvi, 257 ; comp. ih'd. lix. 206). The modifying influence of 
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neutral solvents does not appear to have been generally recognised until Oudemaiins 
in 1872 {Liehig’ s Annalcn, eixvi. 65) and Hesse in 1875 {ibid, clxxvi. 89, 189) again 
directed attention to the subject. 

The results of Oudemanns are given in the following table, in which y) denotes the 
ratio of the weight of the dissolved substance to that of tlie solution ; and [aj the 
specific rotatory power (see p. 1210). The numbers show tliat difierent substances 
are affected by the same solvent in very different degrees. 


Substance 

Solvent 

P 

[a] 

Cane-sugar 

Water .... 

O'Oofi 

+ 66-9° 

„ ... 

Alcohol, 50 per cent. 

O-OoO 

+ 00-4 

Light Oil of Cubebs . 

unmixed .... 

— 

- 40-S 


Alcohol .... 

0-061 

- 41-0 


Benzene .... 

O-OGO 

- 41-G 


Chloroform 

0-075 

~ 41 *7 

Cinchonine 

Alcohol .... 

0-006 to 0-008 

4-228 

„ ... 

Chloroform 

0-004 to 0-005 

+ 232 

Cinchonine Sulphate . 

Water .... 

0-014 

+ 169 1 

>3 33 * • 

Alcohol .... 

0-023 

+ 191 

53 53 • • 

55 • • • • 

0-055 

' +193 

Cinchonine Nitrate . 

Water .... 

0 020 

- 151 

35 ^ 55 • • 

Cinchonine Hydrochloride 

Alcohol .... 

0-022 

+ 172 

Water .... 

0-010 

+ 102 

5 5 3 3 

33 .... 

0-020 

+ 1 58 

5 3 33 

33 .... 

0-031 

+ 150 

33 33 

Alcohol, 93 per cent. 

0-054 

+ 175 

Brucine * . . , 

„ .... 

0 05 t 

— 35 

33 .... 

Chloroform 

0-019 

-127 

3, .... 

3, ... 

0 049 

-119 

Podocarpic Acid 

Alcohol 

0-01 

+ 130 

35 35 • • 

„ 93 per cent. 

009 

+ 130 

55 3) • * 

Ether .... 

0-04 

-i i:!0 

35 55 * • 

Sodium Podocarpate . 

33 .... 

0-07 

+ 1 30 

Water .... 

0-040 

+ 82 

35 *5 • • 

33 .... 

0-004 

+ 79 

D 33 • • 

35 .... 

0-138 

+ 73 

33 55 • • 

Alcohol .... 

0-09 

+ 80 

Phlorizin .... 

15 .... 

0-()46 

+ 52 

J5 • • • • 

Wood- Spirit . 

0-039 

+ 52 


Mixtures of two solvents may modify the specific rotatory power in a matnicr 
quite different from what might be expected from their action when separate. In an 
alcoholic solution of cinchonine, about half the alcohol may be replaced by cliloroform 
without any considerable alteration of the rotatory powder, whereas in a solution of 
cinchonine in chloroform the replacement of only of that solvent by alcohol pro- 
duces a difference of 4° in the specific rotatory power. This power is at its maximum 
(a — 237'3°) when the solvent consists of a mixture of 10 per cent, alcohol and 90 
chloroform. These facts show the great care which is necessary in experiments of 
this kind, to ensure the perfect purity of the solvents used. All the bodies examined 
by Oudemanns exhibited the greatest rotatory power in those solvents in which they 
dissolved most abundantly. 

Hesse’s observations, extending to over 50 substances lead to precisely similar 
conclusions. For example, the following maximum and minimum values of [a]j were 
found on examining solutions in various media of equal weights of the substances 
specified. 

Elaborate observations on the influence of inactive solvents have also been made 
by Landolt {Liebig's Annalen, clxxxix. 241-337 ; Deut. Chem. Ges. JBcr. ix. 901-914). 
This chemist has stated that a solution of tartaric acid inmothylic alcohol is optically 
inactive {ibid. vi. 1078). 

Tollens and Schmitz {Deiit. Chem. Ges. Ber. x. 1403, 1414) have shown that the 
specific rotatory power of cane-sugar slightly increases, while, according to Tollens 
{Jhid. ix. 1531), that of dextrose diminishes in a somewhat greater proportion with 
increased dilution. 
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Maximum 

Minimum 

Difference 

Tartaric Acid .... 

+ 14T8° 

4- 3-20° 

10-98° 

Quinic Acid .... 

- 44-09 

- 39-20 

4-89 

Santonine .... 

-176 60 

-171-53 

4-97 

Codeine ..... 

-137-75 

-‘111-50 

26-25 

Laudanosine .... 

-105-00 

- 56-00 

49-00 

Quinine ..... 

-169-25 

-116-00 

53-25 

Cinclionidine .... 

-119-54 

- 83*86 

35-88 

Cinchonine .... 

+ 237*27 

+ 226-48 

10-79 


Acids, alkalis, and mineral salts also in many cases greatly modify the rotatory 
power of active substances when added to their aqueous solutions. Thus mannite, 
which alone in an aqueous solution exercises a very slight .Isevorotatory effect, mani- 
fests a eonsi^rably greater Issvorotatory power in presence of alkalis ; acids have no 
influence, but it becomes dextrorotator}’- on the addition of borax, sodium chloride, or 
sodium sulphate. An aqueous solution of calcium dextrotartrate is dextrorotatoiy, 
but* if this salt be dissolved in hydrochloric acid, a laevorotatory solution is obtained. 
The rotatory power of tartaric acid is considerably increased by the addition of borax 
or boric acid, but diminished by the addition of hydrochloric or sulphuric acid. Many 
other similar cases of alteration in rotatory power have been observed (comp. Laudolt, 
op. cit.) 

Definition of Specific Rotatory Power, iipparent and Absolute 
Specific Rotatory Power. The specific rotatory power [a] of a substance for 
light of any particular refrangibility, according to Biot’s definition, is the angular 
deviation imparted to the ray observed by a column of unit length and density, and is 
expressed by the formula 



where a is the observed angle, I the length of column — the decimeter being taken as 
the unit of length, and d the density of the substance ; or. in other words, if the 
density he referred to water at 4°, the specific rotatory power is the angular deviation 
produced by a layer 1 decim. in length of a substance of which 1 gram occupies a 
volume of ] c.c. 

This formula, however, applies only to bodies which can bo examined se , ; if a 
solution of an active substance in an inactive solvent be employed for tlie determination, 
the specific rotatory power is deduced with the aid of the formula 


w 


a 

I . c , 


where c is the amount of active substance in a unit of weight of solution, and d the 
density of the solution. If, as is frequently done, the amount of active substance in 
100 parts by weight of the solution be determined, indicating this by the formula 
becomes 


[“] = 


100 g 

I . p . d* 


But from the remarks made in the previous section it will be obvious that the specific 
rotatory power determined in this manner is not that of the substance itself, the specific 
rotatory power being in fact more or less modified by the association of the active sub- 
stance with the inactive solvent, and the value obtained is applicable only to the 
solution of the particular strength and character observed. The value appertaining 
to the substance itself may be termed the ahsoliite or true specific rotatory power, or 
simply the specific rotatory pow'er ; that appertaining to the substance in solution may 
in contradistinction be termed the apparent specific rotatory power. It may not 
be here out of place to insist on the fact that the former alone is a constant, and the 
only one which can be employed in the discussion of possible relations in rotatoi'y 
power between optically active bodies. 

In determining the apparent specific rotatory power, since pd = c, i.e. the concen- 
tration or number of grams of active substance in 100 c.c. of solution, the simpler 
formula 

r T 100 a 


is often employed. 
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The ohserred angular deriaiion is always indicated by the symbol a, the specific 
rotatory power by the symbol [a], the nature of the light for which the observation is 
made being represented by the index r, j, d, &c. ; r applies to observations made with 
light which has passed through red glass, the use of which is now entirely abandoned ; 
j applies to observations with the Soleil sacchari meter, whore medium yellow light 
(Jaune moyen) is employed ; d indicates that light of the refrangibility of the n line 
is employed. 

Tollens has suggested that the apparent specific rotatory power of a substance in 
a 10 per cent, solution should he termed the conventional specific rotatory power, and 
indicated by the symbol [a]ioD; and that if so concentrated a solution cannot bo 
obtained, a 5 or 2 per cent, solution should be employed, and the fact indicated by the 
use of the symbol [a] 5 Tj or [a] 2 D Ohem. Ges. Ber, x. 1412). 

Kachler suggests (Liebig's Annaleu, cxlvii. 88) that the rotatory power should bo 
determined for solutions containing per litre a molecular proportion in grams of the 
respective active substances ; inasmuch, however, as the rotatory power is not inde- 
pendent of the concentration, and the same solvent modifies the rotatpry power of 
different bodies to very different extents, the advantage which such a proceeding offers 
of comparing the effects of eijual numbers of molecules of the active substances is 
more apparent than real. 

Befei'minaiion of Absolute Specific Botatory Bower, — The mode of ascertaining 
the absolute specific rotatory power of bodies which cannot be examined ‘yet sc, was 
first indicated by Biot {Ami. Chim. BJiys. [3], xxviii. 236), but we arc indebted to 
Landolt for a rigorous experimental examination of Biot’s method {Liebig's Animlen, 
clxxxix. 241-337; Beut. Cheni. Gcs.Ber. ix. 001-014; oj). cit. pp. 60-89). It consists 
in determining the apparent specific rotatory power for a series of solutions of vjirious 
degrees of concentration, and thus ascertaining tho infliionco of the solvent-; the 
equation expressing the relation between tho percentage of solvent g mid tho corj’c- 
sponding values of [a] is then sought, and this equation gives tlio value of [a], 
answering to o' == 0. 

Landolt has determined the values of [ajyfor American and French turpontino 
oils, ethyl dextrotartratc, and nicotine, from observations with tho pure substances as 
well as with a number of tlioir solutions, with tho following results : 

Ethyl Dextrotartratc, 

Diftcn'lirc 

Direct observation Wi)= 8*3 P -*01'^ 

From observation of mixtures with ethyl alcohol. . . 8*27 H* *11 

„ „ „ methyl „ . . . 8*42 --22 

„ „ ,, water .... 8’09 

Dextrorotatory Oil of Turpentine, 

Direct observation ]4‘l,‘i +*02 

From observation of mixtures with ethyl alcohol . . 14*87 

Lmvorotatory Oil of Turpentine 

Direct observation 

From observation of mixtures with alcohol 
„ „ „ benzene 

„ „ „ acetic acid . 

Nicotine {Imorotatory), 

Direct observation 161*65 --•72 

From observation of mixtures with alcohol . . , . 160*83 —*26 

„ » water .... 161*29 

It will be observed that the values deduced from observations of tho solutions are 
practically identical with those furnished by the pure substances. 

The successful application of this method, however, depends on a variety of cir- 
cumstances, and especially on the solubility of the substance and the manner in which 
the rotatory power is modified by the solvent. Landolt’s experiments with the above- 
named liquids show that if the variation in rotatory power can bo expressed wilh 
sufficient accuracy by a linear equation [a] = A + B 2 ', extremely concordant results are 
obtained when the most concentrated solution examined contains no more than 50 per 
cent, of active substance ; but that if it he necessary to employ an equation of tlio 
form 

[a] = A + Bg^ + 


37-01 

-•0-1 

36-07 

-•04 

36-97 

-T2 

36-89 
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the rotatory power thus determined differs by more than a degree from that observed 
for the pure substance if the amount of extrapolation exceed 50 per cent., and in such 
a case accurate results can be obtained only if solutions containing at least 80 per 
cent, of active substance are examined. Thus in the case of French oil of turpentine, 
the value of A — the rotatory power of the pure substance — as deduced from various 
solutions, differs from the value 37*01° directly observed for the pure substance to the 
extent shown in the following table : 


Solvent 

Amount of 
extrapolation 

A 

1 

Difference from true 
value 37*01 

Alcohol . . . . . 1 

Benzene . . . . J 

{ 

Acetic Aci(?“ . . , , \ 

1 

1 

1 

1 

[ 

30 per cent 

50 „ 

35 „ 

63 „ 

22 „ 

49 „ 

37*20° 

35*15 

37*26 

35*42 

36*65 

36*00 

+ *19 
-1*88 
+ *25 
-1*59 
- *36 
-1*01 
% 


"^en, as in the case of nicotine dissolved in water, the rotatory power is very 
considerably modified by the solvent, and the curve representing the variation is 
hyperbolic, the absolute specific rotatory power can be calculated, with any approach 
to accuracy, only from observations with the most concentrated solutions, by an 
equation of the form [a] = A-f 3^'+ Q(f\ thus the value of [a]^ calculated from obser- 
vations with three solutions containing respectively about 90, 78, and 66 per cent, of 
nicotine is 163*17, the true value being 161*55. The equation to the entire curve for 
nicotine and water is as follows : 


Hd = 115*019 - 1*70607 ^ + V2140-8 ~ 108*867^ + 2*5572 

For pure nicotine this gives the value Md— 161*29, that directly observed being 

161*55°. For ^=100, the value of [ajj, is 74*13, so that the rotatory power of 
nicotine is diminished by more than one-half by great dilution. 

In practice it is, therefore, necessary in the first place to select the solvent in 
which the substance to be examined most readily dissolves, and at least three solutions 
of different degrees of concentration are then examined. If, on representing the results 
graphically, making the percentages of solvent q the abscissae and the corresponding 
values of [a] the ordinates, the three points of intersection are found to lie in the 
same straight line, the linear equation [a] — A + capable of expressing the observa- 
tions is calculated, and the constant A in this equation will be the specific rotatory 
power of the pure subshxnce. If, however, tiie three points do not lie in the same 
straight line, further observations must be made in order to establish the character of 
the curve as completely as possible, and the equation to the curve is then sought. It 
is always desirable to examine solutions of the substance in a variety of media ; if 
the values of A are fairly concordant, their mean is taken as the true value ; but if 
they exliibit considerable discrepancies, tho determination of the specific rotatory 
power in this manner must be abandoned. It appears to be useless to attempt the 
application of the method to substances of which solutions containing at least 50 per 
cent, of active substance cannot be prepared. 

Landolt has determined the absolute specific rotatory power of camphor in this 
way (see p. 374), and Tollcns has applied tho method to dextroglucose and cane- 
sugar, the absolute specific rotatory power of the latter having also been determined 
by Schmitz (see pp. 1206, 1211). These are the only solid substances of which the 
absolute specific rotatory power is at present known. 

Molecular JRotatory Power, — F. W. Krecke (J. jpr, Ghem, [2], v, 6) has made an 
extensive series of experiments on the effect of chemical combination on the molecular 
rotatory power (z.e. the product of the specific rotatory power * and the molecular 
weight) of organic bodies, and on the relations of molecular rotatory power in iso- 
meric and allied bodies, from which he deduces the following conclusions ; (1). When 
an optically active earlDon-compound combines with an inactive body, or when it is 
modified by chemical reagents, the molecular rotatory power either remains unaltered, 
or is increased to a simple multiple of that of the primitive substance (see Tartaric 

* In order to simplify the comparison of the numbers, Krecke, however, adopts the millimeter 
instead of the decimeter as the unit of length ; the molecular rotatory power is therefore expressed by 
the formula. 


where m is the molecular weight. 


= -locT’ 
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acid, p. 12 i9). (2), The molecular rotatory powers of isomeric bodies are multiples 
of one and the same number. 

Krecke’s conclusions are based, however, on the comparison of the apparent specific 
rotatory powers of the various substances, and little weight, therefore, can bo attached 
to them. He points out that whereas the molecular rotatory powers of the various 
carbohydrates of the cane-sugar group are multiples of the mean factor 24'9, the 
molecular rotatory powers of the allied carbohydrates of the dextrose group are in 
like 'manner multiples of a mean factor which is about twice as groat (48*b). It is 
noteworthy that the molecular rotatory powers of dextrose and cane-sugar calculated 
from Tolleus’s determination of the absolute specific rotatory powers of these bodies 
are approximately related in a somewhat similar manner, thus : 

58*70 
63-90 

105-6 = 21*1 X 5^ 

218*8 = 20*8 X 10. 

Theory of the Constitution of Optically Active Bodies. Of the three 
classes of crystalline circularly polarising bodies, nearly all those of the first class 
(vii. 748) occur in enantiomorphous hemihedral or tetartohedral forms;'^ 
and since bodies of this class are destitute of optical activity in the amorphous and 
liquid states, the property of circular polarisation must be ascribed to a peculiar 
arrangement of the molocnles composing the crystals and not to any speciality of 
constitution of the molecules themselves. The constant correhiiion of the povsit ion of 
the hemihedral faces on the crystal and the direction in which the plane of polarisation 
is deflected by a substance, led Pasteur to infer that the nioloenles are arranged in 
such crystals in a right or left-hand spiral, a view which has been a.doptod by J-lam- 
melsberg and others, and has received much support from Solincko’s recent observations 
iJPogg. Ann. Erg, Bd. viii. 16) that by arranging a number of thin plates of optically 
biaxial mica so that the principal section of each plate is equally inclined (by an 
angle of 45°, 60°, 90°, or 120°) to that of the previous plate, a combination may be 
obtiiined which behaves like an optically active crystal, rotating tlie plane of polarisa- 
tion either to the right or to the left according to the direction in Avhicdi the combina- 
tion is arranged. 

Pasteur also inferred {Bechcrehes stir la diss^jmetricmoleculairc dcagrodidUorganigiicH 
naturels. Le<,‘ons de Ohimie professees en 1860, Paris, 1861), that a sinnlar -want of 
symmetry or opposition of structure characterises the molecules themselves of bodies 
which are optically active in-the amorphous or liquid but not in the crystalline state,! 
and more recently this hypothesis has been further developed by Lo Bel and van’ 
t Hoff, who have gone so far as to point out the special character in constitution of 
optically active bodies. 

According to Le Bel {Bioll. Soc. Chim. [2], xxii. 337), if in a compound of the 
form MA^ where M is a simple or compound radicle associated with four replaceable 
monad atoms A, three of the four atoms A are replaced by three dissimilar monad 
radicles, simple or compound, the resulting molecule will be uusymmotrieal, and as 
such -will manifest the power of causing circular polarisation, provided (1) that in the 
original molecule the four groups A are not all disposed in a single plane of symmetry; 
and (2) that the group introduced in place of the third atom A is not of the same 
composition as the entire group with which it becomes associated ; in this case, the 
compound will be inactive if the two equal groups exorcise an opposite effect on 
polarised light. Thus in inactive tartaric acid it maybe supposed that the two groups 
CH(OH).COOH are of opposite activity, and hence neutralise each other, whereas in 
the dextro- and Isevo-rotatory acids they are identical and their effects are added. Le 

* According to Grotli (Pogg. Ann. cxxxvii. 433), we are entitled to assume that all such bodies are 
subject to enantiomorphous licmiliedry or tetartohedry. Pastem-’s researches {Ann. Chm. Phys. [3], 
xxxviii. 437) have, in fact, shown that many compounds of the second 'class, which under onlinai-y 
circumstances exhibit no signs of hemiliedry,niay be caused to furnish crystals with hemihedral faces 
by slightly modifying the conditions. Thus acid calcium malate, which invariably separates from a 
pm-e aqueous solution in holohedral forms derived from a right rhombic prism, at once exhibits hemi- 
hedral faces if crystallised from weak nitric acid. 

t The bodies which, like tartaric acid, are optically active only in the amorphous condition or in 
solution, are all optically biaxial, and, as Landolt points oat (np. cih), there is no direction in wJiich 
such crystals are single-refracting, so that the circular doulilo refraction is masked by the much 
stronger ordinary double refraction. It is not therefore conclusively proved that they are inactive in 
the crystaUine state. 


hence 


Dextrose [ajo 
Cane-sugar [a]D 


Dextrose [mjo = 
Cane-sugar [mlo — 


58-7 X 180 
100 

63*9 X o42 
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Bel points out that the constitution of the saturated compounds of the fatty series which 
are optically active, is such that in all cases the conditions of his hypothesis are satisfied. 

The same idea has been more fully worked. out and applied to numerous examples 
by van’ t Hoif in connection with his hypothesis of the orientation of atoms in space 
(see the article Isombbism in this volume, p. 1136). 

According to this hypothesis, a body of the type CR'* may be represented by a 
tetrahedron having the four radicles R, simple or compound, situated at the four 
summits and the carbon-atom in the middle ; and if these four radicles are all different, 
they will, in consequence of unequal attraction, be situated at different distances from 
the carbon-atom, so that the compound CR1R2E3R4 will form an irregular tetrahedron 
having no planes of symmetry and capable of exhibiting enantiomorphous forms. 
Moreover, two tetrahedrons thus related exhibit, in relation to an axis drawn parallel 
to the corresponding edges, a screw-shaped' grouping of the four summits, turning to 
the right in one form and to the left in the other. A carbon-atom thus united with 
four different radicles — called by van’ t Hoff ‘asymmetric’ — may therefore give 
rise to optical activity, and to the production of two modifications possessing equal 
and opposite re^itory power. A comparison of the formulae of those optically active 
compounds derived from the paraffins, whose constitution is well established, shows 
that they all contain one or more asymmetric carbon-atoms, as will be evident from 
the examples given in the following table in which the asymmetric carbon-atoms are 
denoted by italic 6'’s : 

C® group. 

Lactic acid CH«— C7H(OH)— COOH 


Malic acid 
Malamide 
Aspartic acid 
Asparagine . 
Tartaric acid . 
Tartramide . 


group. 

COOH— CH^—CHCOH)— COOH 
CONH2— CH2— CH(OH)— COOH 
COOH— CH2— (7H(NH2)— COOK 
CONH2— CH2— C'H(NH2)--COOH 
COOH— (7H(OH)— CHCOH)— COOH 
CONH2— CH(OH)— CH(OH)— CONH'^ 


Secondary Butyl carbinol 
Methylethylacetic acid . 
Hydroxyglutaric acid . 
Glutamic acid 


C® group 

CH«--OH2— CH(CH3)— CH^OH 
CH3— CH^— (7H(CH3)— COOH 
COOH— CH2~CH*^- CHOH— COOH 
COOH— CH-*— CH2--OHNH2— GOOH 


C® group. 


Secondary Butylacetic acid . 

Mannitol 

Glucose 

Saccharic acid .... 
Phenylhydroxyacetic (mandelic) acid 


CH3— CH2— C'HCCH®)— CH^—COOH 
CH20H--(CH0H)4--CH20H 
CHSOH—CCHOH)*— COH 
COOH— ((7HOH)«— COOH 
Cm^-OEOE-^COOR 


Two other interesting examples may'be quoted, viz. quercitol and quinic acid. These 
compounds are very probably derivatives of a closed-chain hydrocax'bon of the formula 
C®H‘*, derived from benzene, and if they are thus represented, it will be obvious that 
the groups are unsym metrically arranged relatively to a plane of symmetry containing 
two of the hydroxyl groups : 


CH* 




H=C. 


CHOH 


HOHC^ 


.CHOH 


CHOH 

H° c/'\ CHOH 


y y'CHOH 

CHOH 
Quercitol (?) 


COOH.HC' 


iOHOH 


CHOH 
Quinic acid (?) 


The carbohydrates of the cane-sugar group find those of the empirical formula 
which are all closely allied in constitution to the glucoses, but of greater 
molecular complexity, as well as the glucosides, are undoubtedly to be represented by 
formulae containing asymmetric carbon-atoms ; and it is highly probable that this 
will also he found to be the case when the rational formulae of the terpenes, camphors, 
alkaloids, albuminoids, and other complex optically active bodies become known. 

There is nothing to indicate whether the mere presence of an asymmetric carbon- 
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atom in a compound is sufficient to endue it with optical activity, or whether it is 
necessary that the radicles associated with the asymmetric carbomatom should be of 
a particular character. Different radicles evidently exert very different ofteets ; no 
more striking example of this can be found than that afforded by so-called tarttir- 
emetic, K(SbO)C‘H‘’0% as compared with the other metallic tartrates (see Tautaumc 
Acid, p. 1219). 

A compound of unsymmetrical formula containing n asymmetric carbon-atoms 
may exist in (2") isomeric modifications (p. 1138). Thus a compound of the form 
— Ru) may exist in the four modifications indicat ed by tlie symbol 

1) +B +B -B ~B 

Representing the rotatory power of the group A by tho symbol -h A or —A, and tliat 
of the group B by +B or — B, the rotatory power of each of these modifications will 
be as follows : 

1) A B 2) - A + B 3) A - B 4) ~ B 

Hence 1) and 4) and 2) and 3) will have equal but opposite rotatory powers. In a 
similar manner it may be shown that, always in the case of compounds of nnsym- 
metrieal formula, one half the isomerides are of equal but opposite rotatory power to 
the other half. 

In the case of a compound of symmetrical formula containing two asymmetric 
carbon-atoms, three modifications arc possible (p. 1138), tho rotat-ory powers of which 
are as follows : 

1) A 4- A = 2A 2) A - A = 0 3) A - A = 2 (-A) 

Two only of the three modifications of such a compound will tlioreforo ma.nifoHt opl^ical 
activity, the third being inactive owing to what may convunioiitly bo ticrnuid ‘ intorjial 
compensation;’ and of this wo have a most striking example in tlio Ihivut ta,rlaric 
acids -dextro-, Isevo-, and mesotartaric acid — which may bo regarded as tlnj tlirou 
possible modifications of the compound of the formula 

COOH— (7HOH— (7HOH~COOH. 

Racemic acid, if a definite compound, has at bust double tho molecular weight of 
tartaric acid. Berthelot and Jungfleiseh’s experiments {Ann. Own. ffij, iv, 

147) render it probable that mere dissolution in water decomposes it intiO dctxtrp- and 
Isevotartaric acid. But whatever may he its nature, its inactivity is readily accunuletl 
for, since it consists of equal amounts of tho two acids of equal but opposito activity. 
The inactivity of bodies which, like racemic acid, are readily formed by the mere 
admixture of two active substances, or which are resolved into inactive substances 
by similar — and almost by mechanical — means, may conveniently he said to arise 
from ‘ external compensation.’ 

A large number of bodies are represented by formnlje indicating that they contain 
asymmetric carbon-atoms, but, nevertheless, they appear to bo dostituto of optical 
activity. From the preceding remarks it will bo obvious that this may be I ho result 
of either ‘internal’ or ‘external’ compensation. Moreover many substances have 
been not at all, or bxit very imperfectly, examined with regard to their power of 
deflecting polarised rays, and their rotatory power may be so slight, or so difficult to 
observe on account of sparing solubility, that it has hitherto been overlooked. 

Both LeBel and van’ t Hoff have pointed out that, if a body which does not contain 
an asymmetric carbon-atom is converted, either by snbstit-ution or addition, int o a 
compound containing one or more asymmetric carbon-atoms, it is to bo cxpoctcd that 
isomerides of equal and opposite rotatory power will be produced in equal quantities ; 
and, as a matter of fact, racemic and mesotartaric acids have been produced artificially 
in a number of ways, but neither of the active modifications has ever been obtained 
by synthetical means.'^ On the other hand, according to van’ t Hoff, there is little 
hope of obtaining an optically active body from a compound of symmetrical formula 
which is inactive through internal compensation, by destroying its symmetrical 
character. For example, erythritol, 

CH‘-’OH~(7HOH— (7HOH— OH^OH, 

Pasteur long ago showed that dextrotartaric acid was more readily destroyed than la 3 Votartario 
acid by certain minute organisms (Penicillium glauciim), a solution of racemic acid in which ttu'.v 
were contained soon acquiring* a In-'vorotatory power. In n. similar manner, according to Le Bel, the 
inactive alcohol obtained by ( 1 k' iMincr 1 ,i.-\vtoi..i f.ry rrrmc‘’'T.i'Li.':i aniyllc alcohol with sodium hydrate, 
yields de.\;trorotatory amylic eh '»! w-tn s’.il-i.niicl i -c acL-on of J’enicihluin. As this urtidc is 
passing through the press, Lc Bel announces that it is possible also to obtain in this way an optically 
acb‘ve (Irsvorotatnry) ir^thylprcpylcii’-b^n'l t‘ro"; the optically inactive inethylpropylcurbinol prepared 
by reducing nieibylpri pyl kLione i\nd. lx.xxix. 312). 
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may be converted, by distillation with formic acid, into the glycol 

and as this is a body of nn symmetrical formula, and contains an asymmetric carbon- 
atom, it should bo optically active. But it is probable that while the group A of a 
certain number of erythritol molecules would be attacked, the group — A of an equal 
number of other molecules would undergo a similar change, and consequently the 
product w^ould be an inactive mixture of bodies of equal but opposite rotatory power ; 
thus 


2CH‘*=OH— CHOH—CHOH— 



would give 

CH-0H~CH0H-~CH=:0H3 and OH“=CH-CHOH— CH^OH 

+'1 ^ ^ 

Nevertheless tl3ere are a number of facts which appear to indicate that this may not 
always be the case. Thus mannitol, which probably is inactive in the pure state (see 
Miintz and Aubin, Ann. Chim. Fhys. [5], x. 533), acquires a considerable dextro- 
rotatory power in presence of boric acid or borax, but is Isevorctatory in presence 
of alkalis ; and the dichlorhydrin, C®H^CP(OH)^ obtained by heating it with hydro- 
chloric acid is leevorotatory. Mannitol, however, is in many respects peculiar ; if its 
inactivity is to be ascribed to ‘ internal compensation, a symmetrical alteration in its 
composition should not have the effect of converting it into an optically active body ; 
but, as a matter of fact, mannite hexacetate, hexnitrate, and hexsulphate Chem. 

[2], XX. 13) manifest considerable dextrorotetory power. The examination of the 
mannitol regenerated from these compounds appears desirable. 

Mannitol is not the only substance whose behaviour is in some respects difficult to 
harmonise with the hypothesis under discussion. Thus malic acid, which in a pure 
aqueous solution exhibits slight laevorotation, acquires an increased Isevorotatory 
power on the addition of boric acid, but its solution in nitric acid is dextrorotatory ; 
it cannot be supposed, in explanation of these phenomena, that, as in the case of 
mannite, the molecule consists of two symmetrical halves, -i- A and — A, and that the 
rotatory power of the one half is influenced by the boric acid and that of the other 
half by the nitric acid, since malic acid, COOH — — (7HOH — COOH, contains 
only a single asymmetric carbon-atom. Again, asparagine and aspartic acid are 
dextrorotatory in acid solutions but Isevorotatory in alkaline solutions. It is not easy 
to understand this behaviour on the hypothesis that they are derived from a single 
molecule of succinic acid and therefore contain only a single asymmetric carbon-atom, 
and the difficulty remains even if it be assumed that, as appears probable on other 
grounds, they are derived from a double molecule of succinic acid. Again, as already 
mentioned, the anomalous rotatory dispersive power of solutions of tartaric acid almost 
necessitates the assumption that the acid forms a compound with water opposite to 
itself in rotatory power ;• the formation of a body having a reversed rotatory powder as 
compared with that of the parent substance from a compound like dextrotartaric acid 
which, according to van’ t Hoff’s hypothesis has the constitution 2A, i.e. is composed 
of two similar dextrorotatory groups, is, however, not easy to understand. 

One of the most remarkable facts in connection with optically active substances is 
the readiness with which many of them undergo alteration in rotatory power. Thus 
tartaric acid, as Pasteur and Jungfleisch have shown, may be converted by mere 
heating into mesotartaric and racemic acid, and in the same way mesotartaric acid 
may be transformed into racemic acid. According to Montgolfier, the hydrogenation 
of camphor gives rise to two distinct camphols of equal and opposite rotatory powers, 
both of which, however, give the same dextrocamphor on oxidation. In these cases 
the change produced in the direction of rotatory power persists as long as the com- 
pound is not destroyed, whereas in the cases above mentioned the change is dependent 
on the presence of another substance, and is in nowise perfect. 

Whether facts such as these we have mentioned can be satisfactorily explained in 
accordance with the Le Bel-van’ t Hoff hypothesis has yet to be shown ; the hypothesis 
appears, however, to be sufficiently in harmony with much of our knowledge to merit 
the most careful consideration. 

Specific Rotatory Powers of various Bodies. Quartz. — The following 
table shows the angles of rotation (a) of the several spectral lines produced by a 
plate of quartz 1 mm. thick, according to the measurements of Stefan {Pogg. Ann. 
cxxii. 631), and for the lithium, sodium, and thallium lines by v. Lang {ibid. clvi. 
422) ; also the corresponding wave-lengths A, in ten -thousand tbs of a milliTucter, 

Tor. YIIL ' 4 K 
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B 

0 

D 


B 

F G- 

H 

X 6871 

6560 

6888 

6269 

4860 4309 

3967 

a 15-55° 

17-22° 

21*67° 

27-46° 

32*69° 42*37° 

50*98° 



Li 


Na 

T1 



X 

6703 

6888 

5346 



a 

16*43° 

21-64° 

25*59° 


The values for the line D found by different observers are as follows : 


Biot 

. 

. 20*98° 

1 

, Wild 

. . . . * 

21*67° 

Brock 


. 21*67 + 0*11 

V, Lang (at 13*3°) 

21*64 

Stefan . 

. 

. 21*67 

! 

Sorot a. Sarasin (at about 35°) 

21*80 


V. Lang has shown that the rotatory power of quartz increases with rise of tem- 
perature, and that the relative alteration is the same for all colours : at 0® the 
values are — 

Li Na Th 

16-402® 21*597° 26*633° 

and for any temperature t ^ 
at = ao(l + 0*000149 0. 

According to later experiments by Sohncke (Aom. Flips, Chem. [2], iii. 516), the 
alteration caused by temperature is more correctly represented by the formula 

at = + 0*0000999 zJ + 0*000000318 z5-). 

Soret a. Sarasin {Comft. rend,. Ixxxi. 610) have measured the rotation produced 
]jy a plate of quartz for the ultra-violet rays as far as the line N, and have obtained 
values agreeing very nearly with Boltzmann’s formula (p. 1207). The absolute values 
are somewhat smaller than those formerly obtained by Stefan (JVim. Akad. Ikr. 1. 88). 
The observations have been extended by Croullebois (Oovi'pt, rend, Ixxxi. 666) as far 
as 0, and subsequently by Sorct a. Sarasin {ibid. Ixxxiii. 818) as far as K. 

JDithionates . — For the rotatory powers of the potassium, lead, strontium, and 
calcium salts, values have been obtained by E. Bichat {Bidl. 8oc. Ohim, [2], xx. 436) 
agreeing very nearly with those determined by Pape (vii. 748). If the 
rotatory power of quartz bo expressed by 100, those of the first throe dithionatos above 
mentioned will be 40, 24, and 8. 

Cinnamene. Two specimens gave [a]i, = — 3*1 and — 3*4. For solid 
meta-cinnamene [a]D=~2*2 (Berthelot, Oompt. rend. Ixxxii, 441; Ixxxv. II 01). 
Van’ t Hoff {petit. Chem. Ges. Ber. ix. 5) maintains, however, that cinnann'iie has 
no rotatory power, and that the optical activity of that examined by Berthelot 
was due to an impurity. 

VolatileOils. These oils are for the most part mixtures of active and inactive 
constituents, so that their total rotatory power is the sum or difference of the rolntory 
powers of these constituents, modified by all the influences of solvents and other in- 
active substances above noticed. Moreover, the proportion of tlie several eonstiluents 
often varies in the same oil, and chemical alterations may arise on keeping. All 
these circumstances influence the rotatory power, which is therefore l>y no moans a 
trustworthy guide in distinguishing one volatile oil from another (Fliickiger, Arefu 
Fharm. [3], x. 193). 

Camphor. On the specific rotatory power of this substance in the solid state 
and in solution, see pp. 373, 374 ; of the Isomorides and Derivatives of Camphor and 
Camphol : Montgolfier {Ann. Chim. Pkps. [5], xiv. 5-1 18 ; Cheni. 8oc. J.'xxxiv. 89 1 -003), 

Camphor or Stearopteno of Matico-oil. The crystals of this substaneo 
belong to the trapezo-tetartohedral division of the hexagonal system. The rotation of 
a ray passing through a plate 1 mm. thick parallel to the axis is for red, yellow, aud 
green light as follows : 

Line Li Na T1 

notation 1° 41' 2° 4' 2° 28' 

No decided rotation was observed in a concentrated solution (Hintze, Pogg, Ann. 
clvii. 127). 

Amyl-compounds. See vol. vii. p. 62. 

Tartaric acid and Tartrates . — The influence of temperature on the rotatory 
power of these compounds has been examined by F. W. Krecke {Archiv. nkrl. vii. 97), 
who has obtained the following results : (1). The specific rotatory power increases, in 
the case of tartaric acid, for all rays of the spectrum, hut in very different degrees in 
solutions of different concentration. If the value at 0° = 1, that at 100° for the rays, 

0 D E b F 
is, in 50 per cent. Tartaric acid 2*3 2*5 2*7 3*1 3*4 

„ 40 „ 3*2 3*2 3*0 — 3*2 
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In tlae last case therefore it remains constant for the different colours ; in the 
first it increases with the refrangibility. (2). In the 50 per cent, solution the line 
whose plane of polarisation is most turned round is situated, at 0° between D and E, 
at 25° close to E, and at 50° and higher temperatures it is advanced so far towards 
the violet, that in the experiments under consideration, it fell beyond the observed 
portion of the spectrum. The anomaly, peculiar to tartaric acid, of rotating the green 
rays more strongly than those either of greater or of lesser refrangibility, disappears 
therefore with rise of temperature and with progressive dilution. (3). The product 
of the specific rotatory power into the square of the wave-length which, according to 
Biot’s law (iii. 672), should be constant, increases from the red to the violet. (4). 
The tartrates of potassium, sodium, and ammonium, Eochelle salt, and tartar emetic 
follow Biot’s laws ; their rotatory power increases or diminishes with the temperature 
in various degrees. The molecidar rotatory power of the salts, with the exception of 
tartar emetic, is nearly three times as great as that of tartaric acid in the dilute 
state. (6). In the salts examined, the product of the specific rotatory power into the 
square of the wave-length is a maximum for the green or for the yellow rays. 

Landolt Chem. Ges. Ber. vi. 1073) has also determined the molecular 

rotatory powers of a number of tartrates, and compared them with that of tartaric 
acid, for which he has calculated a new empirical formula representing the alteration 
of the specific rotatory power with the concentration. If [a]^ denote the specific 
rotatory power for the sodium-line D, the formula in question is 

[a]D = 15-06 - 1*031 

in which c denotes the number of grams of tartaric acid in 100 c.c. of the solution. 
In the following table of results, [M]d denotes the molecular rotatory power of the 
salts, i.e. the product of the specific rotatory power and molecular weight. The 
solutions were prepared so as to contain 1 molecule of the salt to 100 molecules oi 
water, i.e. in the case of pure tartaric acid, 7-69 grams to 100 c.c. The last column 
contains the quotients (Q), obtained by dividing [M]i) by the rotatory power of the 
solution of tartaric acid just mentioned, viz. 21*08. P is the molecular weight. 


Substance 

P 

- 

Wo 

Q 

LiHC^H^O« .... 

156 

27*43 

42*79 

2*03 

.... 

167 

25*65 

42*84 

2*03 

NaHC^H‘‘0« .... 

172 

23*95 

41*19 

1*95 

KHC^H‘0° .... 

188*1 

22*61 

42*53 

2-02 

Li-C‘H'‘0‘* 

162 

35-84 

68*06 

2-76 

.... 

184 

34*26 

63*04 

2*99 



194 

30*85 

69*85 

2*84 



226*2 

28*48 

64*42 

3*06 

(NH^)NaC‘H‘0« 

189 

32*65 

61*71 

293 

(NH^)KC®0« .... 

205-1 

31*11 

63-81 

3*03 

NaE:C‘H'0« .... 

210-1 

29*67 

62’34 

2 96 

MgC‘H-iO« 

172 

35*86 

61*68 

2-93 

(AsO)HC^H‘‘0« .... 

240 

16*91 

40*58 

1*93 

(AsO)KC‘H‘‘0« .... 

278*1 

21*13 

68*76 

2*79 

K(SbO)C4H«0« .... 

323 

142*76 

461-11 

21-87 


216*1 

29*91 

. 64*64 

3-07 

Ba^’(C-H^)0*H'‘0« . 

245*5 

25*68 

63-04 

2*99 


The numbers in the last column exhibit an approximation to the relation of simple 
multiples required by the law enunciated by Mulder and Krecke, but as pointed out 
by Oudemans (Ber. vi. 1166, 1447) they are not exactly in accordance with it. It 
must be recollected, however, that the numbers in this table refer only to the apparent 
and not to the absolute specific rotatory power of the acid and its salts ; properly 
speaking, only the absolute specific rotatory powers should be employed in such a dis- 
cussionr The rotatory power of tartrates containing two different metals is equal to 
the arithmetical mean between the two corresponding simple salts, e.g. . 




[Mlj, 

K2.C‘H'‘0« 

28*48 

64*42 


30-85 

59-85 

Mean 

29*66 

62-13 

Found for KNa.O‘‘H^O° 

29*67 

62*34 


4 2 
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Other salts, e.g. the compounds of potassium and sodium tartrate with the corre- 
sponding borates, exhibit, with increasing dilution, a rapid decrease of their originally 
strong specific rotation. In tartar-emetic the specific rotation is moderately constant 
and very large. For a solution of 7’892 grams in 100 c.c. : 

[a]p = 143-01 [M]d 464-93 Q = 22 nearly. 

A different relation is exhibited by the tartaric ethers. In ethyl tartrate, 
(C^II*)*C'‘H‘‘0®, the specific rotation in aqueous solution increases with progressive 
dilution, nearly in the same proportion as in aqueous tartaric acid, so that the two 
may be compared in equivalent degrees of concentration. In this manner the follow- 
ing numbers are ol>tained : 


Ethyl 
Tartrate 
in 100 c.c. 
solution 


[M]b 

Bq. Concen- 
tration of 
Tartaric acid 
Solution 

Tartario acid 

r 

[Mjjj otlier 

M] acid 

10-489 grams 

25*92 

53-40 

7*6376 

21-09 

2-53 

5-2445 „ 

25*86 

55-33 

3-8188 

21-84 

2-53 

2-6223 „ 

27-37 

56-38 

1-9094 

22-22 

2-54 


Hence it appears that the molecular rotatory power of ethyl tartrate is about 2| times 
that of tartaric acid. It is possible, however, that this low value maybe duo to decom- 
position of the salt by water. A similar behaviour is exhibited by methyl tartrate. 

The specific rotatory power of tartaric acid is much smaller in alcoholic than in 
aqueous solution. For a solution of 7’69 grams in 100 c.c. alcohol, =» h’O and 
[]yi]]j = 7-d; the rotatory power is however increased by heating the solution in a 
sealed tube. Tartaric acid dissolved in methyl alcohol loses its j’ot.atory power com- 
pletely, but becomes active again when the solution is diluted with water, 

Hesse {Liebig's AnnaUn, clxxvi. 119) finds, for solutions of tartaric acid in which 
the value of g (the number of grams of substance in 100 c.c. of solution) is between 
6 and 15, and temperature 15°, that [a^ = 14-90 — 0-14 c, and incn'asos with the 
temperature hy about a quarter of a degree to 7-5° 0, Two oxporimonts in which an 
aqueous solution of tartaric acid (c=15)was mixed with 4 and 8 molecules (w) 
of hydrochloric acid gave [a]D = 12-8 — 12 m. For c-5 in fuming hydrochloric acid, 
[a] ,5 --4-2. Neutral sodium tartrate, dissolved in water at 22'5°, gii.vo, for valuers of 
6* between 5 and 15, [a]i> = 27*85 — 0*17 c. If, however, the solvent contains I or 
2 mols. free soda to 5 grams of tartaric acid, the rotatory power is reduced to 26-36° 
or 25*6° respectively. The relations observed by Landolt (p. 1219) are, accortling to 
Hesse’s obsen'-ations, only approximately true. 

Quinic acid, in aqueous solution (c = 2 to 10), gave [a]r, = 43-9° and after two 
days 0-5® more. A solution in 80 v.p.e. alcohol (c = 5) gave fa]i,=: — 39-2°, the 
aqueous solution (c = 2), with 1 mol. Na*0, gave [a]B“ —4-7°. 

Sugars. — 1. Cane-sugar. The specific rotatory power of thi.s substance is 
[a],j=: 66*064® according to L. Weiss (Wien. AMd. Ler. |2 Abth.], Ixxix. 1); 67*18° 
according to De Luynes a. Girard (Compf. rend. Ixxx. 1354). According to Hesse 
(Liebig's Annalen, clxxvi. 95) it is represented, for aqueous solutions, at the tempera- 
ture 15°, and from c — 0 to <3= 10 by the formula 

[ft]D = + 68-65° - 0-828 c -1- 0-1154c« + 0-005417 c'*. 


For higher values of c, the rotatory power is nearly constant and equal to 66*5°. A 
rise of' temperature of 10° makes no alteration in the value. 


For solutions in 50 v. p. c. alcohol in which u = 5 
In water containing 1 mol. SO^ „ e = 6 

„ „ 1 mol. Na-0 „ c ~ 6 


•a]o « 66-70° 
aL := 66-67 

a]jj = 60-00 


ToUens (Lent. Chem. Ges. Ber. x, 1403) gives the following formulae, in which p 
denotes the number of grams of sugar in 100 grams of solution : I. for ^ — 0 to 18, 
II. for 18 to 69, as the results of a series of most carefully conducted experiments : 
L [a]B = 66-8102 - 0*015553 - 0-000052462 

II. [a]„ = 66-386 -1- 0*015035 p - 0-0003986 

According to Landolt’s notation (p. 1211) in which 5== 100-jp, these formulae become : 


la. [a]D = 64-7303 + 0*026045 q - 0*000052462 
11a. [a]jD ^ 63*9035 + 0*064685 q - 0-0003986 
The weakest solution examined was tliat in which p ~ 3*8. 
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The term ‘ conventional specific rotation ’ is proposed by Tollens to denote, for 
most circularly polarising bodies, the apparent specific rotation produced in a 10 per 
cent, solution, this magnitude being represented for sodium light by the symbol [ct]xy 
For cane-sugar the value ( f [a]^ is 66*65°. Fused anhydrous cane-sugar exhibits in 
the solid state a rotatory power =46'91° ; in solution 48*00°, but since such a product 
strongly reduces an alkaline solution of a cupric salt, there is no doubt that the sugar 
is in part decomposed. 

M. Schmitz {Ber, x. 1414), who has also very carefully determined the rotatory 
power of solutions of various degrees of concentration, finds for the temperature 20°, 
and for jp = 10 to_p = 86° : 

[ajo = 66*453 ~ 0*00123621_p ~ 0-000117037 
For weak solutions, ^ = 2*5 to 2*76, the following is sufficiently exact : 

[a]u = 66-541 - 0*00841532jp. 

According to ToUens’s experiments, the absolute specific rotatory power of cane- 
sugar is [a]D = 63^° : according to Schmitz’s experiments it is [a]o = 64*156°. 

Experiments by H. Pellet {Bull. Boo. Chim. [2], xxviii. 250) on the infiuence of 
alkalis on the rotatory power of sugar have shown that this influence is much more 
powerful in concentrated than in dilute solutions. The following table shows how 
many grams of sugar in solutions of 17*3 and 5*4 per cent, respectively are rendered 
optically inactive by the addition of 1 gram of the substances mentioned in the first 
column : 

17-3 p. c. solution 5*4 p. c. solution 

Sodium Carbonate 0*132 0*040 

Sodium Phosphate (crystallised) . . . . 0*036 0*016 

Caustic Soda (Na^O) 0*450 0*14 

Ammonia (NH®) 0*085 0*073 

Ammonium Carbamate (NH^CO-) . . , 0*067 0*040 

Potash (K*^0) 0*50 0*17 

Potassium Carbonate 0*065 0*044 

Lime 1*00 0*9 

Baryta 0*43 0*19 

2. ’Milh-mgar . — Ordinary milk-sugar, or a-Lactose, with 1 mol. Il' O, gives for 
_p = 2 and 3, respectively, the values [a]i, = 80*68 and 79*70. iS-Lactose, which is 
formed from the preceding by long standing or by boiling, and is |-times more soluble 
than a-lactose, gave between = 0 and p = 12 : 

[a]i> = -I- 54*54° - 0*557 c -i- 0 05475 + 0*001774 cA 

The rotatory powers of the two modifications are to one another in the ratio 3 : 2, 
which is the inverse of that of their solubilities. On addition of 1 mol. Na-O to the 
solvent, the rotatory power sinks considerably after some time, and its original value 
indicates that in alkaline solution milk-sugar exists only as the ;8-modification (Hosso, 
Annalen, clxxxi. 98). According to Mills and Hogarth {Broc. Boy, Boo. xxviii. 273), 
the initial specific rotatory power of milk-sugar in solution (? dilute) is [a]^ ==83*16°, 
and its permanent specific rotatory power [a]n = 53*12°. They have examined the 
law for the change of rotation in a freshly prepared solution, and find that it can be 
expressed by a mathematical equation. The initial solubility of milk-sugar, according 
to these chemists, is 1 pt. in 10*64 pts. water of 17°, and the permanent solubility 
1 pt. in 3*23 pts. water. 

3. Dextrose, Dextroglucose, or Crystallised Grajoe-sicgar. — Tollens has examined 
with great care the rotatory powers of nineteen dififerent solutions of pure dextrose 
{Deut. Chem. Ges. Ber. x. 1413), and finds that the specific rotatory power in solution 
increases with the concentration ; thus in a solution containing 7*68 per cent., the 
value of [a]u is 52*89°, while in a solution containing 82*6 per cent, it is 57*8°. 

The specific rotatory power in solutions of the anhydrous substance may be calculated 
from the equations : 

[a]D = 52*718 -f *017087 f + *0004271 f 

[a]D 58*69 - *10251 g -i- *0004271 

Diminishing these values one-tenth, the following numbers give the rotatory power of 
the hydrate : 

[aL = 47*925 *015534 'p -f- *0003883 f 

[a]^ « 53*362 - *093194 q + *0003883 q^. 

The absolute rotatory power deduced from these equations is : 

[al„ = 58*7° for C«H’20« 

[aji, = 53*36° „ G»n'-0« + H^O 
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JHesse {Amialeoi, clxxvi. 102) has determined the specific rotatory powers of sovonil 
varieties of dextrose at 15°, 'with the following results: 


Grlucose-hyrlrate 

c 

Honey-sugar 

Grape-sugai’ 

Starcli-sugar 

Salicin-Biigiir 

1 

49-77 



50*00 

50*00 

3 

47*33 

47*87 

48*03 

48*48 

6 

46-58 

— 

46*79 

47*96 

12 

46-34 

— 

46*83 

47*06 

Anhydrous 


51*78 

51*67 

51*80 


for c — 2*8 

for 0=3 

for c -- 2*5 


These sugars are therefore identical. Closely allied to thom^is anaygdalin- 
sugar, which, as hydrate, gives for o~2, [ajj,- 49*25. Hydrated phlorizin- 
sugar, on the other hand, exhibits a smaller rotation, viz. for 6’= 3, [a]o = 40’9, and 
for [a]D~ 40*08. Another preparation gave for = [a]j, = 39*9, and for 

c~ 10*62, [a]D = 39*7 (Hesse, Aimalen, cxcii. 174). 

The rotatory power of glucose is diminished by the presence of lime. A solution, 
which in 100 c.c. contained 0*98 grm.lime to 6*9 grm. dextrose, gave for the transition- 
tint [a]j = 33*3 (Jodin, Compt rend, Iviii. 613). 

4. Mannitol^ C'^H^‘‘0®. L. Vignon {Ann. Cfiim. JPhjs. [«5], ii. 433) finds that per- 
fectly pure mannitol is inactive to polarised light. If, however, it bo mixed in aqueous 
solution with boric acid or borates, it becomes dextrogyi'ate, and a given quantity of 
borax develops a stronger rotatory power when combined with bascjs than in (;ho frt'o 
state. Thus a solution of mannitol containing borax, which originally exlnbitod a 
rotation a= + 1*38, showed, when saturated with carbonate of sodium, potassium, and 
ammonium respectively, a deflection a = +5*813, a “ +6*63, and a +()*73« 
The rotatory power increases with time. Arsenic acid and alloiliue n,r.sonates likewise 
develop rotatory power in mannitol. Arsenic acid induces a wofilc bevo rotatory pow(»r 
which increases with time. If the solution be then gradually saturated with sodium 
carbonate, it becomes continually more and more Igevogyrate. Neutral sodium arsonato 
induces a dextrorotatory power which does not increase p(ircopti1>ly with flnie. Acid 
potassium arsenate induces Isevorotation, which likewise inereasos with time up ix> a 
certain limit. Eelatively larger quantities of the acid arsenate also develop stronger 
rotatory powers. On addition of a large quantity of the arsenate, tlie solution, if loft 
at rest for some time, or moi'o quickly if boiled, becomes porfcetly solid, witlmut 
losing its transparency. The mass thus formed is very friable, easily sol able in water, 
has an acid reaction, and is strongly laevogyrate. From those results Viguon infers 
that mannitol in itself is active to polarised light. With boi’ic a,eid a,nd water, without 
entering into chemical combination therewith — for tho ovn,porated solut-ion leavtis a 
mixture of mannitol and boric acid — it forms dissymmetric molecules wliieli tlieii exhibit 
rotation. Arsenic and its acid potassium salts, on tho other hand, induce a chemical 
action, in consequence of which the rotations, wdiich arc produced only in cousequenco 
of imsymmetrical arrangement of the molecules, become altered. The specific rotal.ory 
power of mannitan for the transition-tint is [a]j ~ + 36*5°; that of intromn.n- 
nitan ~ + 63*26° (Vigiion). 

Miintz a. Aubin {Conipt. rend. Ixxxiii. 1213) And that not only borax, but nHitallic 
salts in general, and especially the salts of the alkalis and alkaline earths, develop a 
dextrorotatory power in mannitol, whereas free alkalis develop a Imvorotatory power. 
The action is not permanent, for when the salt is removed, the mannitol again becomes 
inactive or nearly so, and if the alkali be saturated by an acid, tho Isnvorotatory power 
becomes dextrorotatory. Mannitol from various sources was found to bo inactive in 
an aqueous solution containing 10 grams in 100 c.c.; but on addition of 12*8 grams 
of borax, it gave a mean deviation = + 22*3°. A solution containing in 100 c.c. 

8 grams mannitol and 8 sodium hydrate gave a mean deviation = —3*4°. Nitro- 
mannitol, 3 grams in 100 c.c. of absolute alcohol, gave a deviation of + 12*4°. 

Bouchardat, on the other hand {Com-pt. rend. Ixxx. 120 ; Ixxxiv. 34), finds that 
mannitol in pure aqueous solution is slightly Isevogyrate, its specific rotatory power 
for the transition- tint being [a]j = — 0° 15'. Vignon’s method of determining it in 
a solution of mannitol containing borax, is regarded by Bouchardat as falla-cious, 
because chemical compounds are formed in this solution. When ac*id calcium borati^ 
which is insoluble in water, is added to a solution of mannitol, it is dissolved in tlm 
proportion of 1 eq. of the salt to 1 eq, mannite, and the rotatory power of the very 
stable compound thus produced is +28*6°. Caustic soda renders mannitol solution 
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IsBvogyrate with a rotatory power of —5*17®. The various ethers of mannitol pre- 
pared from glucose or from invert-sugar exhibit, when dissolved in acetic acid, the 
same rotatory power as the corresponding derivatives of natural mannitol from the 
ash, and likewise agree with them in other physical properties (see Mannitol, p. 1268). 

G-Uioosides (Hesse, Annalen, clxxvi. 116, 125). :9}ilonsin, C2JH30Oii.2H2O, dis- 
solved in alcohol of 97 v.p.c., gives for c=l and 5, [aj^ = — (49*40 -h 2*41 c). 

Phloretm, dissolved in alcohol of the same strength, gave for 6*= 1 and 3 

no deflection of the plane of polarisation. 

Salicm, dissolved in water (c= 1 to 3), gave [aj^ = —(65*17 — 0*63 c), 

Bantonin, in 97 v. p. c. alcohol, (i?= 1 and 2), gave [a]i, = —173*81° ; in 

90 V. p. c. alcohol, — 175*4® ; in 80 v. p. c. alcohol, - 176*'5° (e= 2 in both cases) ; in 
chloroform (<? = 2 to 10), mean value of [ct]D== — 17T53®, apparently independent of 
temperature and concentration. 

DichloToscmtonini in 97 v. p. c. alcohol, showed for c = 1 a rotatory power of only 

— 23°. Sanfonic acidi in 97 v. p. c. alcohol (^=1 and 3) gave 

[a]D = -25*82, and in 80 v.p.c. alcohol (c = 2 and 3), [a]j> - -26*46°. Sodium 
santomte, at 22*5° in aqueous solution between p = 2 and ^~10, gave 
[aju = —(18*70 •7-0*33 <?), slightly increasing with the temperature. In 80 v.p.c. 
alcohol, this salt exhibits the same rotatory power as in water, but on addition of 
sulphuric acid, the rotation quickly approximates to that of santonin. 

Opium Bases (Hesse, Annalen, clxxvi. 189). 1. Morphine. The hydro- 

chloride^ C^’'H^®HO^HCl-i- 3H“0, at 22*5°, gave in aqueous solution (c=l to 4), 
[a]i) = -(100*67°-- 1*14 c) ; in presence of 10 mols. HCl (c — 2) the value of [a]jj was 

— 94*31. The sulphate^ (C^^H^*^NO^)-SH“0*4- 5H"0, in water at the same temperature 
(c = l to 4), gave [a]p = -(100*47-0*96 c). The free alkaloid, C'^H^^NO^ + H“U at 
25°, in an aqueous solution containing 1 mol. Na-0 (c = 2), gave [ajj, == —67*5° ; with 
5 mols. Na'-^O and c = 2, the value was —70*23°, and with c = 5 it was -71-00®. 

2. Codeine, C^®H-^NO^ dissolved in 97 v.p.c. alcohol, gave for a solution in 
which c was between 2 and 8, a rotatory power = -135*8®, not influenced by concen- 
tration; in 80 V. p. c. alcohol {c — 2) the value was — 137*75; in chloroform (c=2) 
it was —111*5°. The hydrochloride^ C’®H“’NO®.HCl-f 2H-0, in aqueous solution 
(c = 2), gave [a]^ = —108*18°, or calculated for the alkaloid, -126*89® ; a solution of 
the same strength containing 10 raols. HCl gave [a]j) = — 105*22° ; in 80 v.p.c. 
alcohol (^? =a 2) this salt gave —108®. The sulphate in aqueous solution between the 
temperatures of 15° and 25° gave [ajjj = —100*9. 

3. Harcotine. Experiments were made at 22*5° w'ith the following solvents: 
Alcohol (97 V. p. c.) ; the same mixed with 2 vols. chloroform ; chloroform ; water 
with 2 mols. and 10 mols. HCl ; 80 v. p. c. alcohol with 2 mols. HOI. The following 
were the mean results obtained : 


c— 
[“]d = 


Alcoliol 

0*74 

185*0 


Chloroform 
+ Alcohol 
2 

-191*5 


Chloroform 

2 and 5 
-207*35 


Water Water Alcohol 

+2I-IC1 -MOHGl +2HC1 

2 and 5 2 2 

-46*7 -50*0 -104*5 


4. Hydrocotarninc, Meconi n, Narceine, and Cryptopine were not found 
to exert any action on polarised light, whatever might be the solvent employed, and 
even after addition of acids. 

5. Pseudomorphine. The hydrochloride, C^^H^^NO‘.HCl + H^O, in aqueous 
solution, acidulated with 1 mol. HCl at 22*6°, gave for c=0*8 to 1*6, [a]D = —(114*76 
— 4*96 c). In a solution (e — 2) containing 1 mol. pseudomorphine, 6 mols. Na-0, and 
1 mol. NaCb [a]i>« —108*86°. Eor the alkaloid, the value calculated from this result 
is -235*1°, whereas according to the experiment with the hydrochloride, calculated 
for 0^2, the value for the alkaloid is only —123*6°. 

6. Tliebaine, C’^H^^NO®, dissolved in alcohol of 97 v.p.c., exhibits between 
c— 1 and c — 2 a rotatory power independent of the concentration, but diminishing 
from —218*6® to —215*5°, when the temperature is raised from 15° to 25°. In a 
chloroform solution (c= 5), [a]^ = —229*5°. The hydrochloride, for c = 2 to 4, gives 
[a]i)= -(168*32 — 2*33 c), the value being apparently somewhat diminished by rise of 
temperature. On addition of 10 mols. HCl, the value of [a]u is reduced to — 158*64°. 

7. Papaverine dissolved in 97 v. p. c. alcohol (c=2), gave [“]»— 

chloroform it gave —5*7. The hydrochloride gave no rotation even after 

addition of free hydrochloric acid. 
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8. Lauda nine, at 22*5°, dissolved in chloroform (<? = 2), gave [a]i,= — 13’5; in 
aqueous solution (c = 1) containing 2 mols. Na-0 to 1 mol. alkaloid, ~~ 11”36°. 

The hydrochloride gave no rotation either in aqueous, alcoholic, or hydrochloric acid 
solution. 


9. Laudanosine gave the following values: 

Solvent 97 v. p. c. Alcohol 

Temperature . . 15° 22*5° 

Concentration . . c ~ 2*79 2 

[a]i, = +108*23° 105*00° 


Chloroform 

22*5° 

2 


56*00° 


Water 

+ 2 mols. LTCl 
22*5° 

2 

108*41° 


Cinchona i5«.s*es (Hesso, clxxvi. 203-233). All tho following deter- 
minations were made at the temperature of 15°. 


1. Quinine Hydrate, + 3H‘-^0 : 

In ether (sp. gr. = 0*7296; c = l*5 to 6, [a]D = 

„ 97 V. p. c. alcohol c = l „ 10 „ = 

3, 80 ,, ,, c = l ), 6 }} — 


chloroform + alcohol 2 „ 5 


-(158*7-1*911 4 
-(145-2-0-657 c) 
-(165*81-8*2036*+ 1*0654 6- 
-0*04644 63) 

-140*7 


The influence of temperature between 15° and 25° lowers the absolute rotatory 
power, for c = 3, by 1*56°. 

2. Quinine Anhydride, 

Solvent 97 v. p. c. alcohol Chloroform 

6 = ^ 1 ^ ^ 5 
[o]„= -170*5 -169*25 -llt)*()0 -106*6 

Calculation based on tho I'esults obtained with tho hydrate gives sma,ll(*r inimbcU’S 
the anhydride, showing that the entrance of water into the quinine molecule dimiuiHlieH 
the rotatory power. 


3. Quinine Hydrochloride, 0’-‘’H3'N'-03.HCl + 2H"0 : 

In water c - 1 to 3, [aji, = -(147*31 - -COn p + 0*343 o") 

„ 97 V. p. c. alcohol, 6=1 „ 10, „ = -(147*30- 1*9584 j^) + 0*1 039 6'-^ 

-0*00211 (r‘) 

2 chloroform + 1 alcohol, 6 = 2 » = — 126*25 


In mixtures of alcohol and water (6 = 2) tho rotatm*y power rises from —138*75, its 
value in pure water, to the maximum —187*75 in alcohol of about 60 v. p. c., and 
diminishes down to —143*86 in 97 v. p. c. alcohol. In mixtures of water and 
hydrochloric acid (6=2), a maximum =—225*68 occurs for 2 mols. HCl to 1 mol. 
water ; with 16 mols. HCl, [«]» is still = -209*64, and in fuming hydrochloric acid 
— 158*75. The anhydrous hydrochloride gives for 6 = 0*9 to 9 : 

[a]D =- (81*81 - 23*7566 + 3*9556’^ - 0*2198163). 

A rise of temperature of 10° produces no perceptible alteration in tho rotatory 
power of the alcoholic solution. 

4. Quinine .Sulphates. The bihasio sulphate, 2C3«TP‘N203.SIT“0‘ + 8IT“0, 
gives, for 6 = 2 in 80 v. p. c. alcohol, [a]D= —162*95 ; in 60 v. p. c. alcohol, — 166*36 ; 
in a mixture of chloroform and alcohol (6 = 1 to 5), [a]D= —(157*5 — 0*27 c). 

The monosulphate, C''^"H“’‘N“03.SH30‘* + 7H30, gave with water (6=1 to 6) 
—{164*85 — 0*31 ji?). In other solvents the following values were obtained : 



c 

Wp 

Water with 2 mols. SO^ 

. 2 

- 166*36 

„ » 12 „ „ . 

. „ 4 „ HCl . . . 

. 2 

- 175*67 

. 2 

- 168*25 

9 V, p. c. alcohol .... 

2 

- 134*75 

80 „ „ .... 

. 1 

— 143*63 

80 „ „ .... 

. 2 

- 142*75 

60 „ „ .... 

2 vols. chloroform h- 1 vol. alcohol . 

2 

- 155*91 

! 2 

- 138*75 
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Quinine Bisidphate^ C-'‘H“‘N20-.2SH‘’0‘‘ + SH^O, in water (c = 2 to 10), gaTe 
[a]u=s — (170‘3 — 0'94 c) ; with addition of 12 mols. SO® ((?=2), [a]D=— 171*0, and 
in 80 v.p.c. alcohol, for c==l and 3 respectively, [a]D= — 154*54 and 153'34. 
5 Quinine Oxalate. dissolved in a mixture of alcohol 

and chloroform, gave for c = l to 3, [a]j)= ~(141*58--0*58 c), 

5. Cinchonidine gave : 


C«]n 


In 97 V. p. c. alcohol 
jj 95 ,j ]) 

„ 80 „ 

JJ 80 ,, ,, 

„ chloroform-alcohol 

JJ JJ JJ 

„ chloroform. 


1 to 5 

2 to 5 
2 

3 

2 

3 

2 


(107*48 

(113*53 

119*54 

116*09 

108*86 

108*00 

83*66 


0*297 c) 
0*426 c) 


Cinchonidine Hydrochloride, C^^H^WO.HCl + H^O, gave: 
"* [“3d 


water 

. Ij2, 3 

- 104-55 103*88 

„ + 4HC1 . 

2 

- 151*75 

„ + lOHCl 

2 

- 144*54 

97 V. p. c. alcohol 

3 

- 108*00 

80 „ „ . . 

2 

- 135-26 

chloroform (anhydrous) 

2*85 

- 24*21 


103-03 


7. Cinchonidine Sulphates. The normal salt, 2C”“H^‘N20.SH®0* + OH^O, 
gave for o = l*06, [a]i,= —106*77 ; in 80 v. p. c. alcohol, the salt containing only 
3 mols. H®0 (c = 2) gave — 144*54. The acid sid'phate, C-®H*‘N®O.SIFO ‘ b 5H“0, gave 
(<j = 2) in 

■Water 80 t. p. o. Alcohol Chloroform. : Alcohol 

[a]D= -110*5 -109 -101 

8. Cinchonidine Oxalate, dissolved in chloroform-alcohol, gave between c-1 
and 6’ = 3, for [a]^ a constant value of —98*7. 

Quinidine or Conquinine, C'"®H-‘NW + 2^H“0, gave: 


9. 




In 97 V. p. c. alcohol . 

. . 1 to 3 ■+236*77 — 

3*01 

„ 80 „ „ . . 

,, chloroform-alcohol . 

2 

232*72 


1 

244*54 


JJ JJ JJ • • 

„ chloroform (anhydrous) . 

2 

241*75 


. 1*756 

230*35 


Quinidine Hydrochlorid 

e, C*»H2‘N20'bHCl + H20, 
c 

gave : 


In water .... 

. 1 to 5 

205*83 — 

4*928 c 

,, 97 V. p. c. alcohol . 

. . 2 to 5 

212-00 - 

2*562 c? 

„ 80 „ „ , . 

2 

230*25 


,, water + 1 mol. HCl 

! *. 2 

282*50 


4 JJ 

2 

286*00 


” 10 

! . 2 

278-18 


,, chloroform-alcohol . 

2 

193*76 



The dehydrated salt dissolved in chloroform (t? = 2) gave only 109*25. 

Qumidine JDihydrochloride in aqueous solution (c = 2) gave [a] ,, = 205*33. In 
chloroform this salt is nearly insoluble. 

11. Quinidine Sulphate, 2C“°H^‘N-0-.SH^0' + 2H“0, gave with 

Water 80 v. p. c. Alcohol 60 v. p. c. Alcohol Chlorofomi-alcoho] 

(> — 1 2 2 2 

[a]o = + 179*54 218*18 227 209*25 

The anhydrous salt dissolved in chloroform gave, for c-3 and 5 respectively, 
[al, = 184*17 and 180*10. The avid sulphate, C“®H-WO'“.SH®0* + 4H‘-^0, gave in : 

c [ajj, 

■Water 2 to 8 212 - 0*8 c 

97 V. p. c. alcohol 2 183 

Water with 2 mol. . . . . .2 212-27 

Quinidirie Oxalate, dissolved in cliloroforin-alcohol, gave [a]„ = 189 — 2*18 c. 
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12. Cinchonine dissolycd in 95 v. p. c. alcohol, in which it is hut very slightly 
soluble, gave [a]n = +226-48; in a mixture of chloroform and alcohol (c~ 1 to 5) it 
gave [aju =238-8 — 1*46 c ; if the alcohol in the mixture was only 90 per cent, the 
rotatory power was 237*27 instead of 235*75. 

13. Cinchonine Hydrochloride, C“"H-WO.HCl + 2H*0, gave in 


Water .... 0*5 to 3 
97 V. p. c. alcohol . . 1 to 10 

80 „ „ . . 2 

60 „ „ . . 2 

Chloroform-alcohol . . 2 

Water + 4 mol. HCl . 2 

„ +10 ,, . • ^ 

Fuming hydrochloric acid 3 


C-3x> 

165*5 - 2-425 c 

179-81 - 6-314 + 0*S406c” - 0*0371 

188*86 
195-45 
152-90 
207*27 
205*50 
206*72 


14. CinchonineSulphate, 2C-“H“'‘N20.SH-0‘ + 2H“0, gave in^ 


Water 

97 V. p. c. alcohol . 
80 „ 

60 „ „ 
Chloroform-alcohol . 


. 0*962 to 1*8312 
.3 to 10 

. 2 
. 2 
. 2 


[-Id 

+ 170*3 - 0-855 c 

193*29 - 0*374 c 
202-95 
204-14 
185*25 


15. Cinchonine Oxalate, dissolved in cliloroform-alcohol (6’=1 to 3), gave 
[a]n«= 165*46-0-763 c. 

16. Oinchotenine Hydrate, + SLPO, dissolved in chloroform- 

alcohol (6’ = 2), gave [a^ = + 115*5, which gives by calculation for tlui iinhydrous 
base the number 135*5°; in water with 2 mol. SO^ the corresponding numbers were 
175*5 and 205*9. 

The specific rotatory power of the cinchona alkaloids has also be.en cax-efully 
examined by A. C. Oudemans, jimr. (ylrcA werZ. x. 193), (1). Quinino. — The 

following are the values obtained for the solution of this base in various iimctivo 
liq^uids, m denoting the number of grams dissolved in 20 c.c. of this solvent. : 

Puro 

Alcohol Benzeno Toluene Clilerofonn Chlorofiirm 

m = 0-328 0-122 0*078 0*293 0*155 

Md - - 167-5 -136 -127 -117 --1*2() 

For the solution in pure alcohol, the value of [a],, at 0° diminishes from 'W.-O-l to 
^?^=l-2 from 172-3 to 162*4. For the tomperature 21°, the corresponding numlxu-s 
for the same two concentrations aro 169-0 and 159*7. Eqmilly varia,ble is the speeitic 
rotatory power under otherwise similar circumstances in solutions of 1 molecule 
= 0*324 grm. in 20 c.c. of aqueous alcohol of various strengths. l^Tom the propor- 
tion 95 alcohol and 5 water to that of 65 alcohol and 35 water, the value of [aji, rist'S 
steadily from 169*7 to 176-5. 

Solutions of quinine salts gave the following results, the specific rotatory power of 
the salt being denoted by (a),_>, and that of quinine itself, as above, by [a]„. 


Solution in JPure Alcohol. 


Normal Sulphate, . 

(-)t> 

. - 157-4 

- 2M-9 

Acid Sulphate. C-“H’-'‘N‘02.SH“0b7IH0 ". 

. - 134-5 

- 227-() 

Normal Hydrochloride, C2»H-‘N20“'.HC1.2H20 . 

. - 138-0 

- 109-0 

Acid Oxalate, C*'>H2‘N-02.C2H=0».3H-0 . 

. - 131-4 

- 160-5 

Solution in Water. 



Acid Sulphate 

. - 213-7 

- 278-1 

Normal Hydrochloride 

. - 133-7 

- 10;3-6 


^ The specific rotatory power of quinine is variously altered by addition of dilferont 
acids, attaining its maximum in sulphuric, nitric, hydrochloric, and chloric acid, wh<-n 
the quantity of acid added is exactly equal to, or a little less titan, that wliicli is 
required to form an acid salt ; with phosphoric and oxalic acids, on the other hand, 
the maximum is attained only when a larger quantity of acid has been added (4 
mol. phosphoric and 3 mol, oxalic) ; in the case of formic acid, with 28 to 30 raol 
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acid ; ana in that of acetic acid not till 64 mol. acid hare been added. In each of 
these experiments 0*324 grm. quinine was dissolved in the respective quantity of acid, 
and the solution was diluted with water to 20 c.c. The maxima of rotatory power 
attained were as follows ; 


In Oxalic acid . 

„ Sulphuric acid 
„ Acetic ,, 

„ Hydrochloric acid 
„ Phosphoric „ 




. 271*7° 

In Formic acid . 


. 280*6° 



. 278*8 

„ Nitric „ . 


. 284*2 



. 278*9 

„ Chloric „ . 


. 285*7 



. 279*2 
. 280*0 

„ Perchloric acid . 


. 287*6 


(2). Quin i dine, C2”H2‘]Sr“0- + 2-^-H-O. The solution of 0*324 grm. in 20 c.c. of 
different solvents gave the following values of the specific rotatory power : 


Solvents Pure Alcoliol Chloroform Benzene Toluene 

~ 255*4 +228*8 +190*2 +206*6 


At the tem}^.rature of 17°, in solutions in pure alcohol, whose concentration varies 
•from 0'1925 to 0*3740, the specific rotatory power decreases from 258*1 to 255*4, but 
remains nearly constant on further concentration to 0*64. As the temperature rises it 
becomes somewhat smaller. In mixtures of alcohol and water (always containing 
0*324 grm. quinidine in 20 c.c.) : 


Percentage) g.. ig 

of water ) 

[aju = 255*4 257*6 259*0 259*4 


20 25 

259*3 259*4 


Beyond 10 per cent, water, therefore, the variation is but small. The salts of quinidine 
gave tlie following results : 


Salt 

Formula 

Solvent 

(«)i> 

Wd 

Sulphate 

Nitrate 

Hydrochloride 

(C"-»H='‘N=02)=SH20<.2H’-0 

C™H='N-0'-.NHO^ 

C®H2‘N-0=.HC1.2H’-0 

Pure Alcohol 

Water 

Pure Alcohol 
90*5 p. c. Ale. 

+ 211*0° 
199*3 
190*8 
199*4 
213*0 

+ 255*2° 
232*6 
244*1 
233*6 
260*7 


Quinidine when dissolved in excess behaves almost exactly like quinine, excepting 
that the maxima do not follow one another quite in the same order. 

(3). Cinchonine. The values of [a]p for this base in alcoholic and chloroform 
solution, as determined by Oudemans, have been already given (p. 1209). Cinchonine 
is but slightly soluble in pure alcohol, and its rotatory power does not appear to be 
affected by the degree of concentration of the solution. In a solution containing 
0*1 grm. in 20 c.c., the value of [a]© is 234*9 at 0°, 224*7 at 15°, 221*1 at 20°. In 
90 per cent, alcohol at 17°, [ajo = 228*8. Now Erdmann’s hunnoJcinc (iii. 175), 
under the same conditions, gave 228*0, so that, in this, as in other respects, this base 
is identical with cinchonine. In chloroform the rotatory power of cinchonine appears 
to diminish as the concentration increases ; in solutions whoso concentz'ation is between 
0*0914 and 0*1 115, the rotatory power varies from +214*8 to 209*6. The influence 
of various solvents at different degrees of concentration on the rotatory power of 
cinchonine has already been stated (p. 1209). Eor medium concentration and tem- 
perature, the specific rotatory power of cinchonine in its salts is found by calculation 
to have the following values : 


Salt 

Solvent 

Call, 

Cinchonine Sulphate 

Water 

+ 204*2° 


Pure Alcohol 

232*9 

„ Hydrochloride 

W'ater 

201*0 


Pure Alcohol 

204*4 


93 p. c. „ 

216*1 


20 „ „ ... 

229*1 

„ Nitrate 

i Water ..... 

190*0 


Pure Alcohol 

212*2 


i 93 p. c. „ ... 

225*7 
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A sohition of O'-SOS grm. cinehomno in 20 e.c. of each of itheso sdlvettte bohayes mtili 
excess of different acids analogously to quinine and quinidime. 

(4:). Cinch oni dine. A solution of 0 304 grm. of the pure base in '20 c.c. of 
pure alcohol exhibited at 0° a specific rotatory power of —112*8°; a nearly similar 
solution (0‘308 grm.) gave at 17° the value —109*6. At the latter temperature the 
value of [a]n further decreased with increasing concentration, being — 108’t5 at 
0*5182 grm., and —107*8 at 0*771 grm. At the same temperature and a concentration 
of 0*3 grm. addition of water to the alcohol, from 0 to 40 per cent, (by weight) 
increased the specific rotatory power from —109*6 to — 121*1*^. In chloroform 
solution the specific rotatory power of cinchonine is very much diminislied by con- 
centration, being — 77*4 at a concentration of 0*3089, and —74*0 at 0*6823 grm. 
The salts ofcinchonidine behave in a similar manner. The hydrochloride, nitrate, 
and sulphate gave at 17° the following values : 


1 

Concentration . 

Hd = . 

1 

In Water 

In pure Alcohol 

In 89 iTc. 
Alcoliol 

In 80 p. c. 
Alcohol 

0-3712 

-104-6“ 

[o*4798 

102*3 

0*6023 

99*3 

0*3499 

99*9 

0*5074 

97*5 

0*6213 

96*2 

0*3529 

13 9*6 

0*3635 

128*7 



Nitrate 

Sulphate 



Watiir 

Pure 

Alcohol 

89 p. 0. 
Alcohol 

80 p. c. 
Alcohol 

Ihiri* 

Alcoliol 

89 c. 
Alcoliol 

80 j). 0. 

Alcohol 

Ooncontration . 
L“Jii = . 

0*3377 

-99*9 

0*3658 

103*2 

0*3788 

119*0 

()*3()01 

127*0 

0*34 to 0*38 
118*7 

0*3022 

128*7 

0*3680 

3 31*2 


Honce it appears that cinchonidine has a greater rotatory power in its salts t-lian in 
the free state. With acids in excess it behaves like the tliruo nlJior alkaloids. Tlui 
peculiar behaviour of the four cinchona alkaloids with excess of acid is regarded by 
Oiidomans as connected with their easy decomposibility by water, which probably 
takes place to a slight extent whenever an acid salt of one of these Itases is dissolv(ul 
in water. It is only by further addition of acid that this decomposition can be pre- 
vented, and the entire quantity of alkaloid retained in the form of acid salt, in -which 
its specific rotatory power appears to be a maximum. This point, however, is more 
quickly attained in proportion as the acid is stronger or combines more readily with 
the alkaloid. 

The results obtained by Oudemans agree well for the most part with those of 
Hesse, so far as the two admit of conipari.yon, and the differences between them appear 
to be in most cases duo to the circumstance that the alcohol used as a solvent by 
Hosse was not quite anhydrous. With due attention to all the disturbing causes 
pointed out by Oudemans, the optical method of investigation may servo, contrary t.o 
Hesse’s opinion, as a valuable aid in the quantitative analysis of mixtur<‘s of alkaloids. 

Circular Polarisation induced by Magnetic Action. H. Bocquorel {Ann- 
Chim. Phys. [5], xii. 5-88) has determined, by observations on a large number of 
diamagnetic bodies, the relations which exist between the magnetic rotation of the 
plane of polarisation of a ray of light and the index of refraction. In the following 
table, B denotes the magnetic rotation, qi the index of refraction, and v the ratio 


1 ). 
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Yellow Light (line D). 


Substances 

R 

n 

— 1) 

V 

Luming Nitric acid 

0-206 

1-4010 

1-8898 

0-109 

Sulphuric acid, SO‘H^ 

0-247 

1-4284 

2-1225 

0*116 

„ „ SO-‘H2 . 

0-286 

1*4054 

1-9156 

0 149 

Ordinary Nitric acid 

0-291 

1-3740 

1-6760 

0-177 

Methyl Alcohol 

0-253 

1*3530 

1-5205 

0-166 

Propyl Alcohol 

0-279 

1-3836 

1-7454 

0-160 

Butyl Alcohol 

0-294 

1-3934 

1-8247 

0-161 

Amyl Alcohol 

0-311 

1-4046 

1-9144 

0-162 

Chloroform 

0-380 

1-4520 

2-3366 

0-163 

Carhon Mo^ochloride 

0*404 

1-4580 

2-3932 

0-169 

Xylene 

0-525 

1-4932 

2-7415 

0*194 

Toluene 

0-575 

1-4928 

2-7375 

0-210 

Benzene 

0-636 

1*4998 

2-8104 

0-226 

Melted Sulphur (114°) 

1*904 

1-9290 

10-1268 

0-188 

Phosphorus Suhsulphide .... 

2-592 

2-0661 

13 9478 

0-186 

Hydrogen Bisulphide 

1-743 

1-8850 

9*0720 

0-192 

Sulphur Monochloride 

0-984 

1-6460 

4-6310 

0*212 

Sulphur Bichloride 

0-932 

1-6190 

4-2493 

0*219 

Carbon Tetrachloride 

0-761 

1-5620 

3-5128 

0-216 

Silicon Chloride 

0-444 

1-4090 

1-9561 

0*227 

Phosphorus Trichloride .... 

0-651 

1-5080 

2-8974 

0*225 

M<dted Phosphorus (33°) . 

3-120 

2-0740* 

14-1558 

0-220 

Carbon Bisulphide 

1-000 

1-6249 

4-3296 

0-231 

Arsenic Trichloride 

1-000 

1-6006 

3-9936 

0-250 

Silver Nitrate, concentrated solution 

0*424 

1-4580 

2-3932 

0*177 

Bismuth Nitrate, concentrated acid solution . 

0-452 

1-4590 

2-4003 

0-187 

Distilled Water 

0*308 

1-3340 

1-3874 

0*222 . 

Potash, concentrated solution 

0*464 

1-4230 

2-0753 

0-223 = 

Basic Lead Acetate, concentrated solution 

0*375 

1*3670 

1-6233 

0-231 

Magnesium Chloride, ,, „ 

0*519 

1-4300 

2*1367 

0-243 

Hydrochloric acid, ,, „ 

Antimony Trichloride, in hydrochloric acid, 
dilute 

0-490 

1*4071 

1-9401 

0-252 

0-660 

1*4550 

2-3647 

0*279 

Antimony Trichloride, in hydrochloric acid, 
concentrated 

1-435 

1*6959 

5*3957 

0*266 

The same (commercial), dissolved in excess of ' 
hydrochloric acid 

0-703 

1-4600 

2-4121 

0-291 

Antimony Pentachloride .... 

1-656 

1*5910 

3*8762 

0-427 

Bismuth Chloride, BiOP, dissolved in HCl . 

1-205 

1-5640 

3-5369 

0-346 

Potassium Iodide, concentrated solution 

0-801 

1-4482 

2-2972 

0-349 

Stannic Chloride 

1*035 

1-5060 

2-8758 

0-359 

Stannous Chloride, aqueous solution 

1-125 

1-5272 

3*1074 

0 362 

Melted Substa 

Borax 

nces, 

0-405 

1-5010 

2-8230 

0-143 

Lead Borate, I 

1-405 

1-7800 

6-8704 

0-204 

„ n 

1*439 

1*7800 

6-8704 

0-209 

Glass, No. 8, crown 

0-481 

1*5260 

3-0916 

0-155 

„ 6, flint 

0*771 

1-5790 

3-7220 

0-207 

„ 7, 

0-987 

1-6140 

4-1810 

0-234 

Heavy Plint, No. 1 

1*360 

1-7200 

5'831() 

0-233 

,, „ 2 .... . 

1*533 

1-7650 

6-5360 

0-234 


^ Index according to Dale and G-ladstone. 
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1 Yellow Light (coniimied). 



Substances 

R 

n 

1> 

V 

Shigle-Ti’ff acting Crysta Is. 



Sylvin (Potassium Chloride) 

0*672 

1*4830 

2*0376 

0*255 

Bock Salt . 

0-843 

1*5430 

3*2874 

0*256 

Blende 

5*295 

2*3690 

25*8836 

0*204 

Fluor Spar, white I 

0*207 

1*4332 

2*1634 

0*095 

„ n 11 

0*234 

1*4332 

2*1 (>34 

0*108 

Spinell (coloured by chrome) 

0*496 

1*7150 

5*7085 

0*087 

Diamond (octohedral) 

0*301 

2*4200 

28'441() 

0*010 

1 Eed Light (Li) (for Selenium, B line). 



Carbon Bisulphide 

1*000 

l*6r20Li 

4•J^516 

0*240 

Cuprous Oxide, crystallised (ziguelin) . 

14*060 

2*8490 

57*7656 

0*241 

Sulphur Bromide 

1*942 

l*7630Li 

6*2722 

0*312 

Bromine 

1*960 

l*6160Li 

4*2084 

0*465 

Selenium Chloride 

2*408 

l*8070Li 

7*2966 

0*330 

Selenium 

10*900 

2-6S50B 

42*6398 

0*255 


Prom the numbers in this table the following laws may be deducc'd : 

1. For all diamagnetic bodies, the ratio It : - 1 ) is compi'isc’d within com- 

paratively narrow limits, viz. 0*11 to 0'46, or 1 to 4, whereas iht^ magiiel.ic rutalion 
xmries from 0'2 to 14'06, that is from 1 to 70. 

2. For bodies belonging to th(j same chemical family, or e.omposed of tlio same 
chemical elements, this ratio is neaidy the same ; thus the highly oxygtmated aci<ls, 
such as nitric and sulphuric acid, give very small numbers near to 0-11. The fatty 
alcohols and chloroform givo numbers near 0T6. For sulphur, and its compounds 
with hydrogen and phosphorus, the value is near 0T88 ; juid fur the compounds of 
chlorine with carbon, sulphur, silicon, and phosphorus, it does not ditter imudi 
from 0*22. 

For solutions, the value of 1) is intormediaie between that of the 

solvent and that which would hold good for the dissolved body, and approaches more 
nearly to the latter as the solution is more concontratod. 

In strongly magnetic bodies, such as the salts of iron, if the indices of refract ic>n 
vary only within narrow limits, the variations of rotation corresponding with the change 
of refractive index are masked by the groat variations dependent on the spccihc mag- 
netism of the body, which in most cases is strong enough to reverse the direction of 
the rotation : hence in these bodies there is no apparent relation between t-he rotation 
and the index of refraction. 

Certain crystallised bodies, as fluorspar, ruby, spinel, and diamond, deviate 
absolutely from the general law above stated, and exhibit only a very small rotation 
in proportion to their index of refraction. 

In highly dis])ersivo bodies, such as carbon bisulphide and phosphorus moiiosul- 
phide, the magnitude of the rotation is nearly in the inverse ratio of the square of the 
wave-length. 

III. Chemical Action of Light. 

J. W. Draper {8Ul. Amer. J. [3], v. 25, 91) has published the experimonta 
evidence forming the basis of his conclusions respecting the distribution of chemical 
energy in the spectrum (vii. 749). That all the rays of the spectrum are 
capable of producing chemical action is shown: (1). By the behaviour of silver 
iodide (on a daguerreotype plate), which, when exposed to the pure spectrum, is affected 
first and most strongly in the most refrangible parts, but afterwards also in the less 
refrangible portions. These last-mentioned rays, however, exert a different action if 
the plate is exposed to the action of faint diffused daylight, either simultaneously 
with the action of the spectrum or just before it. After the imago has been developed 
by mercury-vapour, it is seen that all the rays of the spectrum have acted on the 
plate, even the lines a, i3, y in the ultra-red being visible. The finished photograph 
shows on a light ground an image of the spectrum, the more refrangible portion of 
which is bluish or olive-coloured, while the less refrangible portion appears deep black 
with white Fraunhofer lines. The appearance of tlie plate shows that the more 
refrangible rays assist the action of diffused daylight, while the less refrangible 
retard it. (2). By the behaviour of bitumens and resins : when West Indian bitumen 
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dissolved in light petroleum is irradiated by the spectrum for five minutes and then 
treated with a mixture of light petroleum and alcohol, an image of the^ spectrum is 
formed extending from below A to above H. (3). By the part which light plays in 
the decomposition of carbon dioxide in plants, which, according to Draper’s experi- 
ments, is produced chiefly by the rays between B and F, with a maximum in the 
yellow ; the same rays develope the green colouring of leaves. (4). By the decom- 
posing action of light on the colours of flowers, which takes place in such a manner 
that each colour is destroyed by those rays the mixture of which produces the tint 
complementary to itself. (5). By the well-known fact that the combination of chlorine 
and hydrogen is effected by all rays, though in different degrees. (6). By the fact, 
first observed by Gardner, that when a row of young plants germinated in the dark is 
illuminated by a spectrum, they all bend towards the one which is illuminated by the 
indigo-rays, and this latter bends towards the rays themselves. 

The statement that a substance is chemically affected by the particular rays which 
it absorbs, is supported by the following facts : (1), The behavioim of silver iodide. 
The variously-coloured layers produced by the action of iodine-vapour on a silver 
plate in differei?!; lengths of time, are sensitive to light in very different degrees, each 
being unaffected by the rays which it reflects, and affected only by those which it 
absorbs. The sensibility to light depends therefore not only on the chemical but 
also on the optical nature of the iodide. A certain amount of rays must be absorbed 
before the action begins, but when once begun, it goes on proportionally to the time. 
(2). The fact, established by older as well as by recent experiments, that the rays 
absorbed by chlorine gas are exactly those which induce the combination of chlorine 
and hydrogen. 

P. Chastaing (Ann. Chim. Fhys. [5], xi. 145-224) has made a large number of 
experiments on the chemical effect of variously coloured rays on compounds both 
inorganic and organic, from which he draws the following conclusions : (1). That the 
action of the differently coloured rays on inorganic bodies varies in kind as well as in 
degree, according to their refrangibility, the violet and blue, and sometimes also the 
green rays, exerting a reducing action, the red and yellow rays an oxidising action, 
and that between the spectral lines D and E, at the boundary of the green and 
yellow, there is a neutral point, at which the light exerts no chemical action whatever. 
2. The chemical action of light on organic bodies is in all cases an oxidising 
action, increasing from darkness through the red to a maximum in the violet. 

These conclusions have however been controverted by H. W. Vogel (Deut, Chem, 
Ges. Ber, x. 1638) by reference partly to Chastaing’s own experiments, partly to facts 
which have long been established. Vogel finds, indeed, that rays of all colours are 
capable of exerting either an oxidising or a reducing action according to the nature of 
the body by wliich they are absorbed, and that the so-called neutral point where, 
according to Chastaing, no chemical action takes place, has no existence. 

That the violet rays do not invariably exert a reducing action is sufficiently shown 
by the well-known fact that chlorine and hydrogen combine energetically under 
the influence of these rays ; and that, on the other hand, the less refrangible rays can 
exert a reducing action is shown by Vogel’s experiments on chloride, bromide, and 
iodide of silver, from which it appears that the alteration of these compounds in the 
rod and yellow rays of the spectrum is qualitatively identical with that which takes 
place in the blue and violet, namely a reduction. The statement that light of all 
colours exerts an oxidising action on organic bodies is sufficiently refuted by the well- 
known fact of the decomposition of carbon dioxide by green plants under the influence 
of light. This process, which is attended with elimination of oxygen, is undoubtedly 
a reduction, and according to recent experiments by Timiriazeff ( Compt, rend. Ixxxiv. 
1236) takes place most rapidly in red light at the chief absorption-band of 
chlorophyll. 

The experiments of H. Vogel on the increase in the sensibility to light of haloid 
silver salts produced by addition of optically absorbing substances (vii. 760) 
have been repeated, with confirmation of their results, by E. Beequerel (Compt. rend. 
Ixxix. 185). On mixing a solution of chlorophyll with the collodion of the film of 
silver bromide or iodide, he obtained, in the red and yellow regions of the spectrum, 
several maxima of action, the strongest of which, situated between B and C, corre- 
sponded nearly with the principal absorption-band of chlorophyll ; the others, between 
C and D, with the other absorption-bands of that substance. 

Further experiments by Vogel (Pogg. Ann. cliii. 218 ; Bent. Chem. Ges. Ber. vii. 
545, 976) on the sensibility of the haloid salts of silver to light have led to the 
following results : (1). Chloride, bromide, and iodide of silver are sensitive, not only 
bo the more refrangible, but also, though in a far inferior degree, to the less refrangible 
rays of the spectrum. (2). The sensitiveness of silver haloid salts to the different 
spectral colours depends, not only on their optical absorption-capacity for these rays, 
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but likewise on the. optical absorption-capacity of admixed substances. (3). Oolourod 
bodies — naphthalene-red, for example — which assist the photographic reduction pro- 
cess, and at the same time absorb certain spectral colours, give rise, when properly 
applied, to a great increase in the sensitiveness of silver salts to the absorbed rays. 
In this way, the sensitiveness of silver salts to the rod, yellow, and green rays 
may be greatly heightened. (4). Mixtures of dilforont colouring matters produce an 
eftect equal to the sum of the effects of their several coiistitucmts. (5). Certain 
colourless bodies also {e.g. silver nitrate and morpliiuo) which promote pliot.ographic 
reduction, exert a considerable modifying influence on the coloiu-sensit.ivenoss of 
silver salts. (6). The photographic action of absorbent siibstaneoH exliihits a cser- 
tain analogy to anomalous dispersion (vii. 742), inasmuch as the sensitiveness 
increases or diminishes with the index of refraction. Hence perfectly indifferent 
bodies, collodion, for example, which influence the index of refraction, displace both 
the absorption-band and the point of strongest photographic action. (7). The action 
of light reflected from coloured pigments is very different from that of the spectral 
colours, being affected not only by the optical composition of the pigment colours, but 
likewise by their far inferior brightness. ^ 

The third of these laws respecting the effect of coloured bodies on the sensitiveness 
of silver haloid salts has been called in question by M. Carey Lea Am> J. [3], 
vii. 200 ; ix. 355), who points out especially that, according to this law, naphthalene 
and corallin ought to increase the sensitiveness of silver bromide to the green rays, 
whereas Vogel found that they gave increased sensitiveness only for the yellow rays. 
According to Lea, corallin greatly increases the sensitiveness of silver bromide for 
the red rays, moderately for the yellow, and not at all for the green. Vogel finds by 
further experiments {DeuL Chem. Gas. Vni. 95, 1635) that ditferent si Ivor sail's 
are variously affected by one and the same colouring mattm*. NapliUialcne-jHul added 
to silver bromide increasos its sensitiveness to the yellow, a,ud produces a similar and 
greatiu’ effect on tlio chloride. Fuchsinoacts with silver bromiilu in a. manmu’ exact, ly 
corresponding with its absorption, and almost in the same way as nat»ht.haleue ; with 
silver chloride it does not greatly increase the sensitiveness to any rays (ixcept the 
violet. A similar behaviour is exhibited by colourless liodics, like morpluno, whit‘h 
increases the action on silver broiniodide in the gretm, blue, and violet, but has no tdfucl- 
on the bromide, Pyrogallol acts nearly in the same manner. 

The following conditions are laid down by Vogel as necessary to insure t he con- 
formity of a colouring matter to bis law above mentioned: (1). Ft must optically 
absorb that particular kind of light for which it is to make the collodion scnsitiv<l 
(2). It must be capable of combining chemically with free bromine or iodine. (3). It 
must not decompose silver nilnito, as in that case it would intuiTero with the prepara- 
tion of the plates. 

Methyl-violet and cyanine were found to strengthen the action on silver bromiile 
of the rays which they absorb, the latter intensifying the action of t,he ()ra,nge-rayH in 
a very^ high degree ; picric acid, aniline-blue, night-blue, ponseo-lac, indigotin, and 
purpurin, on the contrary, did not exhibit any such intensifying action. Tlie coloration 
of a film of silver bromide by colours which are destroyed by the action of free adds 
in the collodion or in the silver-bath may bo most readily effected by wuttiiig the 
prepared bromide of silver plates with an alcoholic solution of the colouring mailer, 
and leaving them to dry. 

Vogel also finds {Ber. ix. 667) that silver bromide (like the iodide) exhibits a very 
different degree of sensitiveness to light, accordingly as it lias been proeipita,1:ed with 
excess of silver nitrate or of potassium bromide. The bromide l)y itself is much more 
sensitive^ than the iodide, but its sensitiveness is not increased by the- actif)n of 
intensifying substances, whereas all such bodies hoighton the sensitiveness of the 
iodide in a very great degree. Plates prepared with excess of potassium bromide 
showed no action in the yellow, whereas when immersed in a bath of silver nitrate 
and^ then coated with naphthaleno-red, they became sensitive to yellow light. A 
similar effect was produced by cyanine. Vogel accordingly draws a distinction 
between bodies which increase the sensitiveness of silver bromide or iodide by their 
power of optical absorption, and those which, like tannin, act chemically by combining 
with the bromine or iodine. 

According to Cai’ey Lea {Sill Am. J. [3], xi. 459 ; xii. 48), the optical absorbing 
power of sensitising substances has very little to do with their property of rendering 
silver bromide sensitive to rays of lower refrangibility. Of fourteen red colouring 
matters examined, corallin alone rendered that compound sensitive in the green, which 
effect, however, cannot be due to its powder of absorbing the green rays, since it renders 
the silver bromide still more sensitive to the red rays which it transmits ; moreover, 
its sensitising action is not destroyed by the action of acetic or gallic acid, which 
turns it yellow. The following colouring matters, which are more or less non-absorbent 
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for the green rays, nevertheless heighten the sensitiveness of silver bromide for these 
rays ; potassium arsenite, silver arsenite, salicin, codeine, morphine acetate, tincture 
of capsicum, ammonium valerate, and caffeine (?) Many alkaloids diminish the 
sensitiveness for the green. The only body which acts nearly in accordance with 
Yogel’s law is chlorophyll. 

Lea has also examined the sensitiveness of a number of silver-salts to light, chiefly 
with the view of ascertaining which of them, besides the chloride, bromide, and iodide, 
can be used for photography. Paper was impregnated with soluble salts of acids 
capable of forming insoluble compounds with silver, then floated on the surface of 
silver nitrate ; some of the paper was also treated with gallotannic acid. It was then 
exposed .to diffused light for seven to twelve seconds, and the image developed by 
pyrogaliol, ammonium carbonate, and potassium bromide. None of the substances 
examined gave strong images, with the exception of the plati nocyanide and the 
arsenite. Tannin was not found to exert any beneficial action (SUL Am. J. [3], xiii. 
369). 

Photo gra^;^ king of the Ultra-red and Violet Bays. — J. Waterhouse (Proo. 
Roy. Soc. xxiv. 186) has obtained reversed photographs of the extreme red and ultra- 
red rays of the solar spectrum on silver bromide collodion plates, which were exposed 
for a second to diffused daylight before being subjected to the action of the spectrum. 
The blue and violet rays between F and H were also frequently reversed on silver 
bromide plates coloured and uncoloured, after prolonged exposition. 

Waterhouse also finds that silver bromide plates, coloured with eosin, are most 
sensitive to the green and yellow rays, a fact which accords with Vogel’s theory; for 
the pigment, when dissolved in water or alcohol, is of a light orange-red colour with 
greenish-yellow fluorescence. The absorption-spectrum of the dilute aqueous solution 
shows a darkening from below E to above F. Plates coated with bromiodido of silver 
exhibited only a slight increase of action in the green and yellow. For the photo- 
graphing of coloured objects, plates thus coloured were found to be not well adapted, 
on account of the retardation of the action consequent on the colouring. 

Proditction of Coloured Spectra by the Action of Examples of 

the production of natural colours by the agency of light were shown some time ago by 
Bccqiierel; and Captain Abney, in a paper lately communicated to the Poyal Society 
(June 19, 1879), reports that ho has succeeded in obtaining coloured pictures of tho 
solar spectrum both on silver plates and on compounds of silver held in position by 
collodion. Tho spectrum imprints itself in approximately natural colours, which are 
more brilliant on the silver plate than on the collodion film, but those on the latter 
can be seen by transmitted as well as by reflected light. These colours are produced 
by oxidation of silver-compounds placed in the spectrum, an exposure of two 
minutes with a wide slit being sufficient for their development (Chem. News, xxxix. 
282). 

Action of Light on Potassntm Iodide.~V\^Q.u (Pharm. J. Trans. [3], v. 383, 
393) observes that a neutral solution of potassium iodide is decomposed by bright 
sunshine. The pure solution turns yellow from separation of iodine ; paper soaked 
in solution of potassium iodide and starch-paste, and sealed up in a glass tube, 'is 
turned bright blue when exposed to sunshine for an hour. On this account the use of 
iodised starch-paper as a test for ozone may load to very uncertain results, as formerly 
pointed out by Cloez (Compt. rend, xliii. 38) and by Campani (Cimento, iv. 112), 

On the Decomposition of Hydrogen Iodide by Sunlight, see Ohkmical Action 
(p. 429). 

Action on Vanadium Salts . — Acid potassium vanadate, in contact with organic 
substances, is turned by light first green and finally blue; when not in contact with 
organic matter it is unaffected by light. Neutral sodium vanadate laid on glass in a 
colourless film and exposed tu sunshine is somewhat browned, but becomes colourless 
again when loft for some hours in the dark and in a draughty place. Paper moistened 
with its solution acquires a slate colour, and if then dipped into solution of silver 
nitrate, instantly becomes dark browm to black, according to the time of exposure. 
This salt may therefore bo used for photography. 

Action on Sulphurous Dilute solutions of sulphurous acid, exposed to 

sunshine for a whole summer in sealed glass tubes, remained clear for two months, 
but afterwards exhibited a continually increasing turbidity, sulphur being separated 
and the liberated oxygen converting the remaining sulphurous acid into sulphuric 
acid. Solutions of sulphuric acid, sulphates, and sulphites, under similar circum- 
stances, showed no sign of alteration. 

Action of different rays on Chlorophyll . — The following experiments have been 
made by J. Wiesnor (Pogg. Ann. clii. 496 ; cliii. 622) with reference to the mucli 

VoL. VIII, 4 L 
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disputed question as to which rays of the spectrum arc most active in the decompo- 
sition of chlorophyll. Equal and similarly disposed quantities of chlorophyll-solution 
were subjected to the action of rays which had passed through equally thick layers, 
either: (1) of a white turbid liquid (water in which calcium oxalate was suspended) ; 
or (2) of a yellow solution of potassium dichromate ; or (3) of a green ethereal solution 
of chlorophyll ; or (4) of a red solution of sesculin-orccin ; or (5) of a blue soluti(JU of 
cupraminonium sulphate, particular care having been taken to make the live solutions 
equally transparent. It was found that the action was strongest when the light hail 
passed through the first medium, and diminished for each of iho successive media in 
the order above stated, so that the yellow I’ays from 0 to E must be rcjgarded as tJio 
most effective, a result likewise obtained by Iffotfer {infrci). Xanthopliyll, however, 
which, when an alcoholic solution of chlorophyll is sljakon up wdth light petroleum or 
carbon sulphide, alone remains dissolved in the alcohol, is most quickly decomposed 
by rays which have passed through cupraminonium sulphate. Wiesiior infers from 
his experiments that the decomposition of dissolved chlorophyll under thoinlluenceof 
light is an oxidation process from beginning to end, whereas Gerland regarded the 
presence of oxygen as necessary only to start the action (vii. 327). ^ 

E. Lommel (Poyy. Ann, cxliii. 568 ; cxlv. 142) infers, from experiments on the 
influence of coloured light in promoting the decomposition of carbon dioxide by plants, 
that this action is greatest for the rays which correspond in refrangibility with the 
absorption-band of chlorophyll between B and C. Pfeifer, on the other hand (ihid. 
cxlviii. 86), disputes this conclusion, and finds that the curve of decomposition has its 
maximum in the yellow, and descends regularly on both sides from that point. Jlis 
experiments w^cro made by exposing a green plant {Elodca Canadensis) in aghiss tube 
filled with water to the several parts of a spectrum formed by light passing through 
a slit 5 mm. wide, and counting the gas bubbles evolved in given time. More exact 
experiments have however been made by Timirjasoff {Ann. Chim. Phi/s. 1 5], xii. 255), 
who exposed strips of bamboo-leaf of equal width contained in irirrow !uul 

enclosed in an atmosphere containing 5 por cent. CO'-^, to the action of the stuauvil 
parts of a spectrum produced with a slit only 1 mm. broad and a prism of carbon 
disulphide, and subjected the gases evolved after five hours’ insolation to a vtay t'amrul 
analysis. The result of his experiments is to show decidedly that the maximum 
decomposition is produced by the rays corresponding with the charactcri.st.ic absorption- 
band of chlorophyll in the rod, and that the rays for some distance before E (yt^llow- 
ish-green) have no influence wdiatover. The contrary results obtained by I’fcftl'r are 
attributed by Timirjaseff to the necessarily impure spectrum obtained with an iiportaire 
5 mm. wide, and to the inexact measurement of the products of decomposition. Ihie 
same part of the spectrum appears also to cox’mspond with tho grealest meelmnical 
energy of the luminous vibrations ; moreover, absorption-bands arc protluecil in this 
neighbourhood by carbon dioxide and water-vapour. ^J’he fact that blue ami vioh^t 
light, which are likewise absorbed by chlorophyll, novorlholoss exert, no infiuenci^ on 
the assimilative power of plants, requires special explanation, which has nut yot biam 
obtained. 

Measiifement of the Chemical Intensity of Sunlight. — E. Marehand 
{Ann. Chim. Phys. [4], xxx. 302 ; Monit. Sclent. [3], vi. 979) uses for this puiqiosc a, 
mixture of ferric chloride and oxalic acid in equivalent proport.ions, which, under the 
influence of insolation, is decomposed as roprosentod ]>y tho equation : 

Ee'-^CP + C-ir-O^ = 2FeCl“ + 2H01 -i- 2G0^ 

The quantity of carbon dioxide evolved in a minute correvSpond.s with a eoj-tain 
quantity of heat evolved (according to Eavre, the oxidation of 1 gram of oxalic acid 
evolves 670 gram-degrees), and this is regarded by Marehand as a measun^ of the 
chemical power of the solar rays. Tho solution is most strongly docomposed by thi^ 
blue rays between E and Gr, the action diminishing much more .slowly towards the red 
than towards the violet end. When the liquid is in constant contact with a horizon- 
tally exposed surface of glass, the number of c.c. of carbon dioxide evolved per square 
centimeter is expressed, for a mean sun’s altitude h> by the formula 

m = 0*00092300 -h 0*00000729 (>^-1). 

When the rays are reflected constantly at right angles to the surface by a heliostat, 
the expression becomes 

m' = 0*001394 -I- 0*000002 (7^- 1). 

These m^!nbe^s are true for the sea-level at Encamp on the Channel for a perfectly 
clear sky. The chemical irradiations are not altered by wind, but are aflected by 
clouds, brightly iUnmined cirri and cumuli increasing the reaction. By this mutliod 
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Marchand has drawn up tables represanting the chemical climate of Fecamp. E. 
Becquerel, however, observes that these tables can have only a relative value, and 
cannot afford a true measure of the chemical energy of the rays, inasmuch as rays 
which have no action on the particular liquid employed might be capable of exerting 
a very pow'erful action on other liquids. 

J. Dewar {Phil. Mag. [4], xliv. 307) has calculated, from Boussingault’s measure- 
ments of the decomposition of carbon dioxide by the leaves of plants {A^in. Chim. 
Fhys. [4], xiii. 415), the fraction of the total energy of the solar rays received on a 
unit of ]eaf-siirfoce, which takes the form of chemical energy. Starting from the two 
formulte, 

CO- + H^O == CO, H2 + 0, 0 
6(00, H2) = C«H^-0« 


and the thermal equivalents, CO, 0 = 68000 ; 0 = 68000 ; glucose, C'^H‘^0®=: 642000 

(the last said to have been determined by Frankland), he calculates as follows : 
According to the first formula, the decomposition of 1 c.c. CO^ requires 6’06 gram- 
degrees of heat! If, however, the products of decomposition become condensed, as 
represented by the second formula, the quantity of heat required will be only 

6-06 X = 4*78 ; and since, according to Boussingault, 1 square 

6(68000 4- 68000) . 
centimeter of loaf-surface assimilates in an hour 5*28 c.c. CO®, while on the other 
hand Pouillet estimated the amount of energy radiated by the sun in the latitude of 
Paris on 1 square centimeter of normally exposed surface at 6000 gram-degrees, it 

follows that the chemical energy of light is ^ ^ ^ of the total energy. 

6000 238 


IiIGWITE. a lignite from Disco Island, on the west coast of Greenland, has 
been analysed by H. Wurtz {Aoner. Chemist ^ iv. 401). The substance desiccated in 
dry winter air contained 14*00 per cent, water, 35*38 volatile matter, and 50*62 coke 
( = 41*79 carbon and 8*83 ash). When ignited even in a covered crucible, it emits a 
dull yellow, smokeless, feebly luminous fiame. It gives off water at the heat of a 
sand-bath, and contracts strongly at higher temperatures, yielding an anthracitic coke, 
the volume of which is about 40 per cent, less than that of the original coal. The 
ash of the coke, which has a green colour, due to manganese, melts at high tempera- 
tures to a dark- coloured glass : it does not contain carbonic acid. The lignite has a 
very high specific gravity =1*452-1*468 ; that of the coke is 1*836. The coke con- 
tains also a large quantity of occluded gas, which it does not give off completely till it 
has been boiled for half-an-hour. 

On the composition of Lignite from Toula in Eussia, see p. 526. 

On the gases enclosed in lignite from Bovey Heathfield, see p. 534. 

XiXMSACKITE. A hydrated silicate of aluminium and magnesium, occurring 
in clefts of the serpentine of Limbach. A and B. Analyses. C. Numbers calculated 
from the formula 3Mg0.Ar-’0®.3Si0®.3H®0 : 



SiO® 

APO» 


MgO 

H»0 


A. 

41*42 

22*09 

undet. 

23-67 

12*47* 

= 99*65 

B. 

42*03 

19*56 

1*46 

25-61 

12*34 

= 101*00 

C. 

39*38 

22*54 

— 

26*26 

11*82 

= 100 


(A. Frenzel, Jahrh.f. Mbi. 1873, 789). 


XiXlNTAX^ITE. This mineral occurs in the Ortiz mine. Sierra de las Capillitas, 
Argentine Eepublic, together with malachite, azurite, cerussite, brochantite, and 
anglesito (A. Stelzner, Mm. Mitt. 1873, 249). An analysis by Frenzel {Jahrh.f. Min. 
1875, 675) gave : 

CuO PbSO* Sp. gr. 

20*22 4*69 74*42 = 99*33 5*06 at 17°.t 


XillfSEEB MirciBilLGE. See Hucilaoe. 


XiXIvrSEEB OXli. An adulteration of this oil with cod-liver oil maybe detected 
by stirring up 10 grams of it with 3 grams of commercial nitric acid, and leaving the 
mixture at rest till the oil and acid have separated. Pure linseed oil thus treated 
exhibits first a sea-green, then a dirty yellow-green colour, while' the acid acquires a 
light yellow colour. If, on the other hand, cod-liver oil is present, the oil becomes 
dark-brown to black, the acid orange-yellow to yellow-brown {Bingl. pol. J, 
eexv. 284). 

On the preparation of Linseed-oil varnish and of Yarnish-paper, see E. Thort*y 
{Bingl. Pol. J. ecxiv. 427 ; Jahresh f. Chem. 1874, 1197). 

A't 100° = 4*4 per cent. t Stelzner found 6’23 at 16°, 

4 1.3 
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W. L. Harrison {Arch. Pharm. [3]_, vi. 541) obtained from 
the balsam of Liquidmibar styracifim, cinnamene, cinnamic^ acid, styracin, and a 
dark-brown, nearly scentless and tasteless resin, easily soluble in alcohol, insoluble in 
carbon sulphide. 

J. M. Maisch (ibid. 545) infers from tho results of Harrison’s investigalfons that 
the balsams of Liquidamhar styraoifim and L. orimtalc are identical, and {iseriltcs 
their difference of external aspect to the presence of water in the balsam from L. 
orientate. To obtain pure styracin (cinnyl einnamate, C’'IF()“.C'‘’R") and cinnuniic. 
acid from the balsam, Maisch recommends extraction with petroloiim-oilier, whereby 
a solution is obtained, which deposits a mixtiire of tho two substancoH, sc;parablc by 
ammonia. 

XiXqVIBS. Absorption by Charcoal.— 'SAiei absorption of wal in-, alcohol, other, 
carbon sulphide, and bromine by charcoal is attended with considerable evolution of 
heat. 5 to 10 grams of charcoal in contact with a 7 to 9-fold^ quantity of bromiiio 
produced a rise of temperature exceeding 30°. The volatile liquids tJ^us eondensetl in 
the pores of the charcoal are only partially expelled, or not at all, at 100° (Melsens, 
Compt rend. Ixxvii. 781). 

On the Compressibility of Liquids, see Amagat {Ann. Chini. Phys. [5], xi. 
520-549 ; Jahresb.f. Chem. 1877. 71). 

Capillarity , — G. Quincke, in connection with his former observations on the 
phenomena of capillarity at the surface of contact of two liquids (vii. 240-243), lias 
investigated the edge-angle at the contact of a liquid and a solid, and the spreading 
out of liquids on tho surfice of solid bodies {Ann. Phys. Chcin. [2], ii. 145-19 1). TIk' 
results are stated in the following propositions: (1). The known ])roper(.m,s of the 
surface of contact of two liquids may bo extended l.o that of a liipiid a, ml n stdid. 

(2) . The contact-surface of a solid 1 and a liquid 2 tends to be(!ome as small as possible, 
or there prevails in it a certain surface-tension, a^o, independent of the geouu'trieal 
form of the surface, and doporulont only on the nature of the suhsta,itees 1 and 2. 

(3) . The magnitude of the otlge-auglo of a solid 1 and a liquid 2, both bounded by a 
liquid 3, is determined by tho nature of the throe substances, and is independtait of 
the geometrical form of the surlaco. (4). The main proposition of the thmiry of 
capillarity, established by Thomas Young, respecting the constancy of tht^ edge-angUs 
of tho free surface of a solid and a fluid is a particular Ciiso of tluii pri'ceding ilieorem 
(3), the fluid 3 consisting of tho air. (5). Tho edge-angle may be deduced byealeula- 
tion from the measurement of tho suriace of fiat drops and bubbles, or nns'isiired 
directly by reflected light. (6). The edge-angle of the i'veo surfaee of dilVertmt 
liquids such as water, alcohol, &c., and of aqueous or alcoholic saltrsolulaous t,owartis 
clean surfaces of glass, quartz, or metal, appears to he equal to 0", the litiuitls spreading 
freely on the clean surface of tho solid. (7). If the edge-angle, as in most, cases, has 
a greater value, the surface of tho solid hecomes coated with an imperct'piihly thin 
layer of foreign substance, the edge-angle varying wit-h tho thiikiu'ss {)f the layan*. 
(8). The thickness of this layer cannot, howovei’, exceed a certain imixininm valui* I), 
which is equal to or greater than tho radius of tho sphoro of action of the luoleenlar 
forces. (9). This thin layer adhering to tho surfaee of tlie solid ho<ly m;iy eonsist 
either of solid, or of liquid, or of gaseous substance. (10). It may eonsist of the 
liquid itself, which is in contact with the solid, and may ho recognised, not, only by 
tho edge-angle, but also by tho so-called ‘creeping’ of salts, or by the rate of elect rie 
conduction on the surface of the solid, — in some eases also l)y the iiiterflna'uei'-e.oleurs 
of the light reflected from it. (11). These imperceptibly thin layers of liquid difl'er 
in properties according to tho mode of their production, and the length of time 
occupied therein, or according to the nature of the bodies to which tiny ndhciv'. 
Quickly formed drops of water spread out on freshly cleaned surfec'-- of tnore 
quickly than those which have been slowly formed. (12). Tlu'se itnpciv'cpi I’ i\ thin 
films of foreign substance appear also to afford an explanation of the diftertmees 
between theory and experiment in the estimation of tho surface-tension at the common 
boundary of liquids and solids. (13). If the cdgc-anglo is equal to 0°, or impossible, 
the liquid spreads out on the surfaee of the solid body. (14). In liquids which mix 
together in all proportions, that which has the smaller surface-tension, ai,a, displaces 
that which has the greater surface-tension, ai, 3 . The surface-tension and the possible 
displacement vary, however, with the nature of the solid substance. (15). The prosonco 
of other fluids, and especially of air, may essentially modify the spreading of a liquid 
on the surface of a solid. (16). The dependence of tho edge-angle on tho thickuesH of 
the imperceptibly thin film on the surface of a solid explains the breath-pictures of 
Moser {Pogg. Ann. Ivi. 177; Ivii. 1) and Waidele {ibid. lix. 255) with walcr-vnpour ; 
the light-pictures of Daguerre with mercury-vapour Compt. rend, ix, 257), and the 
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electric breath-plctxires of Gt. Karsten {Pogg, Ann, Ivii. 493) and Riess {lieibungs^ 
cle/ciricitdt, ii. 224), with the vapours of water, mercury, and iodine. 

Quincke further observes that a glass surface can never be perfectly cleaned by 
rubbing it with a linen cloth and alcohol, or by prolonged immersion in alcohol. The 
best way of proceeding is to treat the glass with hot strong sulphuric acid, then rinse 
it with distilled water, leave it immersed in water for a long time to remove the last 
traces of acid, and dry it in the warm current of air over the colourless flame of a 
Bunsen lamp. It must then be left to cool on a clean clock-glass in a clean glass 
vessel covered with a glass plate. Metals are still more difficult to clean than glass. 
Noble metale may be ignited in a colourless Bunsen flame and left to cool in clean 
covered vessels. 

The creegwg or efflorescence of salts is commonly attributed to the rise of the 
solution between the salt already crystallised out and the side of the vessel. The 
formation of the first crystals, which often takes place on a part of the solid surface 
at a considerable distance from the, liquid, is, however, determined by the imperceptibly 
thin film of salt-solution which covers the surface of all solid bodies, as metals, glass, 
quartz, &c. "Wi^n a portion of the water evaporates, a fresh portion of the salt 
solution flows in beneath the thin film. The thickness of the film and the quantity of 
salt solution which thus flows out are greater in proportion to the degree* of cleanliness 
of the solid body. Crystals of the salt form on that part of the surface where the 
w\ater evaporates most quickly, that is to say at the outer edge of the liquid film. 
The surface of the solid body often exhibits different degrees of cleanliness on different 
parts, and then the crystals form first on the cleaner places, and at a greater distance 
from the flat drop of liquid, than on the less clean parts. If the surface of the solid 
body is covered with a thin layer of oil, no efflorescence takes place. ISince glass 
surfaces, when exposed to the air, remain clean longer than metal surfaces, salts 
mostly effloresce on them more readily than on metal surfaces. For the rest, efflores- 
cence or creeping will be most readily exhibited by those salts which, when sufficiently 
concentrated, still remain mobile — that is to say, the least viscid salts will, under 
otherwise similar conditions, effloresce with the greatest facility. 

Tension and Capillary Constants of Ligiiid Films, — The following table exhibits 
tho results obtained by Sondhauss {Fogg. An7i. Erganzbd. viii. 266) respecting the 
tension and capillary constants of liquid films formed .in rings of wire. The experi- 
ments on the first two liquids w'ere made at the temperature of the air : 



Tension for the 
space of 1 nuQ. 

Capillarity-con- 
stant thence 
deduced 

Observed .capillary 
height for 1 inm. 
radius 

Capillarity-con- 
stant thoiicc 
deduced 

Coaj> solution : 





1 : 100 

5*27 mg. 

2*63 mg. 

6*38 

— 

1 : 1000 

5-25 

2*62 

5*64 

— 

1 : 3000 

5*47 

2*73 

6*61 

3*3 

Saponin solution : 

1 : 1000 

11*76 

5*88 

12*41 

0*20 

1 : 10000 

13*66 

6*83 

14*32 

7*16 

1 : 20000 

14*22 

7T1 

14*45 

7*22 

Water : 
Temperature 





1*6° 

15*58 

7-76 

— 

— 

3-G 

15*35 

7*67 ' 

— 

— 

5*0 

15*25 

7*62 

— 

— 

16-0 

14*86 

7*43 

— 

— 

Mercury : 
Temperature 



j 


0° 

— 

53*85 

— i 

— 

7-5 

— 

51*73 

— 

— 

18-2 

— 

49*67 

— 

i — 

25 

— 

47*8 

1 

1 

1 


Oberinayer (Fogg. Ami. cli. ISO) describes the radiate spreading out of strong 
solutions of anilino-dyos in commercial aniline on water, and finds therein a confirma- 
tion of tho vie.w advanced by Mensbrugge cxxxviih 323 ; Jahresh. /. Chem. 

1869, 39) that the tension on the sun^ace of a liquid is diminished by placing on it a 
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drop of another liquid of inferior surface-tension, which gives rise to a movement^ of 
the superficial particles in the direction of those portions where the original tension 
exists. 

On the Forms of Equilibrium of Liqiii<l Masses, see Plateau {Comvpt. rend. 
Ixxviii. 88). 

On the Surface-viscosity of Liquids (Plateau, TnsiUut. 1873, 22 ; Chem..^ News, 
xxvii. 161 ; Jahresh.f. Chem. 1873, 25). On the Vil)rn,tlons of Liquid Surfaces of 
Defiinito Form, dec., iWthdlemy {Ann. Chim. Ph/s. [5], i. K)0“122). 

On the Movon)ents of Camphor and of certain Liquids on Iho Surface of Water, 
see Tomlinson {Pharm. J. Trans. [3], iv. 654, 672). 

On the Diffusion of Saline Solutions, see JoIiannisjiMix {Ann. Phys. Chem. [2], ii. 
24-47; Jahrcsb.f. Chem. 1877, 80). 

Velocity of Efflux from Gaf illary Tubes. — A. (Inerout {Chnnyt. rend. 
Ixxix. 1201) has determined the influence of tcmporataire on tJio ra,tc of capillary 
efflux. The values for water, given in the following table, sliow theruunilier of cubic 
millimeters run out in a second : 


Temperature of 
the water 

Coefficient 
of efflux 

Temperature of 
the w'atcr 

Coefficient 
of elllux 

10° 

3045 

16° 

3525 

11 

3110 

17 

3615 

12 

3190 

18 

3703 

13 

3270 

19 

3795 

14 

3350 

20 

3890 

15 

3440 




Those numbers forma geometric series with the common rahio 1*025; for a, snlnliou 
of potassium sulphate of 10® B. the ratio is 1*02() ; for potassium car])ona.to of *18® {>. 
it is 1*046. Considering the rapid decrease of mobility in tin- moleciilcK of n, licjuid a,H 
the temperature falls, the arrest of circulation in the capillary lissnes of llu^ organism 
in consequence of frost may bo duo, not to freezing, hut to a purtial annihilation of 
mobility. 

Guerout {Com2)t. rend. Ixxxiii. 1291) has also dotoriniued iho following efflux 
coefficients. 

Acids. 


P'ormic acid, CHW 115*0 

Acetic „ lf;()*5 

Propionic „ 189 

Butyric „ C'HW 129*5 

Valeric „ 92*3 

Caproic „ (J4*0 


Ethyl Formate, . 

„ Acetato, C‘K»02 . 

,, Propionate, . 

Butyrate, . 

„ Valerate, CMI"0' . 


Ethers. 

, 542*0 Methyl Acetn 
. 450*3 Ethyl 

. 360*3 Propyl „ 

. 297*0 Butyl 

. 241*3 Amyl ‘ „ 



5.'M*5 

onpo- . 

. -iho-n 

G*ni'<'tF . 

, 362*8 


. 305*3 


. 230*2 


For all Gtliors, the coefficient of capillarity efflux is much greater than for the 
alcohols and acids from which they are formed. Isomeric ethers exhibit among 
themselves the same state of fluidity, which however is diflferent from that of tlio 
acids which are isomei’ic with them. 


Expansion of Liquids consequent on the Absorption of Cases.’— 
J. Mackenzie a. E Nichols {A^iiu Phys. Chem. [2], iii. 134) have determined the ex- 
pansion thus produced, by exactly filling a vessel with the liquid to ho examiiKHl, 
connecting it with a second vessel, and passing in the gas till the liquid is completely 
saturated. The portion wdiich overflows into the second vessel is tlien wi'ighed, as 
also that which remains in the first vessel. 

The following table gives the average coefficients of expansion for water nml 
carbon dioxide thus determined: 
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Temperature 

Coefficient 

' Temperature 

Coefficient 

2® 

0'002144 

17® 

0*001240 

6 

0-001726 

18 

0*001280 

8 

0-001670 

22 

0*001210 

12 

0*001450 

27 

0*001190 

14 

0*001379 

32 

0*001010 

16 

0*001378 

j 



On comparing these results with the coefficients of absorption, as giren by Bun- 
sen, it is seen that the expansion is directly proportional to the amount of gas 
absorbed. The density of the absorbed carbonic anhydride is found to approximate 
closely to the value given for the liquefied gas by Andrews {Thil, Mag. [5], i. 78). 

The expansion by heat of water saturated with carbon dioxide was determined in 
a glass vessel having a narrow glass tube dipping into mercury. The vessel filled 
with the saturated aqueous solution of the gas was cooled about 2®, and the amount of 
mercury which passed into the narrow tube was determined. The following table 
was thus obtained: — 


Temperature 

interval 

Average 

temperature 

Coefficient 

4*0 — 1*90® 

2*95® 

0*0000604 

5*8 — 3*40 

4*6 

0*0000610 

7*4 — 4*80 

6*1 

0*0000679 

12*15— 9*85 

11*0 

0*0000999 

12*85—11*21 

12*03 

0*0001130 

16*50—12*75 

14*62 

0*0001252 

20*60— 16*4 

19*0 1 

0 0001710 

23*43—20*33 

21*88 

0*0001811 

25*3 —23*46 

22*88 

0*0002170 

27*55— 25*0 ' 

26*27 

0*0002526 

29*15—26*32 

27*73 

0*0002923 

31*7 —28*73 

30*21 

0*0002680 


0)b the Conducting Powers of Liquids for Electricity and Hcat^ see pp. 723-725 
and 1018. 

Experiments by Tollinger on the Electric Resistance of solutions of sulphuric 
acid and various salts to the passage of constant and varying voltaic currents, have 
yielded results agreeing very nearly with those of Kohlrausch (p. 723), and have 
shown further that the values obtained with constant and with induction currents do 
not exhibit any material differences {Ann. Phys. Cheni. [2], ii. 510 ; Chem. JSoo, J. 
xxxiv. 103). 

On Liquids enclosed in Mineral Cavities, see Fluid Cavities (p. 793). 

Separation of Mixed Liquids . — A homogeneous mixture of two liquids may” 
often be separated into two layers by a slight change of condition, such as a fall of 
temperature. Whatever may have been the composition of the mixture, that of 
the two liiycrs thus formed is constant, their relative volume alone varying. The 
same statement holds good in the case of three liquids where the third is uniformly 
distributed in both layers. 

In certain cases a variation of OT® C. will cause separation. For example, a mix- 
ture of 15 c.c. of amyl alcohol, 20 c.c. of ethyl alcohol, and 32*9 c.c. of water remains 
homogeneous at 20®, but with the slightest fall of temperature it divides into two 
layers, which do not reunite unless shaken up. By varying the quantity of water, the 
temperature of separation may be varied. Such mixtures may be used for the con- 
struction of minimum thermometers. A mixture of 10 parts ether, 6 parts ordinary 
methyl alcohol, and water, is transparent at low temperatures, but when heated 
above a certain point, which varies with the quantity of water, it becomes turbid, 
and resolves itself into two layers. With this liquid, therefore, maximum thermo- 
meters may be constructed (Duclaux, Canpt. rend. Ixxxi. 815). 

Ebullition of Superimposed Liquids . — According to Gernez Ixxxvi. 
472), superimposed' liquids having no chemical action upon one another, boil at the 
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same temperature as that at which the sura of the maximum tensions of their vapours 
is equal to the pressure. The following are examples : 



tem- 

perature 

Rum of tlie 
niiiximmn ten- 
sions of the. 
two vapours 
at the iKuliiij^ 
temperature 

EAeet-K of 
pivssun' 

i’ressuro 

Carbon bisulphide and AA^ater 

43-G8''' 

766*64 

1*20 

765*35 

Carbon chloride aud Avater 

66*17 

747-36 

1*01 

7L)'-15 

Benzene aud water .... 

60*43 

765*02 

1*LS 

764*44 


On the Distillation of Liquids not miscible with Water in a Current of Steam, 
see Naumann, p. 948 of this Volume. 

An Apparatus for Measuring the Heat of Vaporisation of Liquids^s described by 
Berth elot {Gompt. rend. Ixxxv. 646); and an Apparatus for Measuring the Heat 
evolved in the Compression of Liquids, by Favre a. Laurent {Ann. Ghim. Vhys, [5], 
i. 433). 

Z.XTKZA-PSIX.OMSXiil.»r£: and 1.ITHIOPHOBITE. See Manganese 
Oxides. 

ZiXTKXirM. Occurrence. — This clement has been found in nearly all the 
members of the Upper and Lower Muschclkalk in the neighbourhood of Vhu'zlmrg; 
also in the Loess of Geisnidda in Upper Hesse, a rivor-d(‘posit 20 to 30 foot thick on 
the edge of the Nidda Valley. The portion of this deposit whic,h is insoluble iu 
hydrochloric acid contains 0*007 per cent, of lithia, (llilgcT, Dent. Chem. Oes. JUr, 
viii. 335; LandioA^^ersut^is-Stcitionevi, li-vm. 166). 

According to Trucliot {Gompt. rend. Ixxviii. 1022), the soil of ramagiK^ in Auvergne 
is very rich in lithium, 100 grams of it containing from 31 to 132 tuilligrams of 
lithium carbonate. The lithium passes into nearly all the plants groAving on this 
soil, even rape and marigolds containing it. Contrary to the state.immt of Grnndeau 
{Jahresh.f. Qlicm. 1872, 234) 100 grams of the a, shos of these phuit.s AV('ia^ found by 
Truchot to contain 10 mgm. lithium chloride; lOOgrams of tobacco n,sh yielded -140 mgiil. 
of the same salt. Several mineral Avaters of AuAmrgno Averu also found to contain 
lithium, viz. — 



Li(n in 


hidl in 

ISTame of Water 

1 litre 

Name of Water 

I litre 

Mont Bore .... 

8 mg. 

Lii Bonrhonlo . 

18 mg. 

Eoyat, source OAsar . 

0 

iSainto-Nochiiru 

22 

Clermont : 


Ohatel-('»nyon . . . * 

28 

Source des Salins . 

14 

iSaint-Alyro . . . . 

31 

Source de .Taude . 

15 

Les Koches . . . . 

33 

Source de Loiselot . 

18 

Chatc,a,iimai f . . . . 

35 

Artesian Well 

20 

1 Itoyat, Hoiuv(' di*. l’ct,a,bliss(‘m(mt 

35 

According to Frosoniiis {J. pr. 

Ghcm. [2], xvi. 278), the AA^’ann s])ring of A 

sma,n)]s- 


hausen in Nassau contains 0*01746 pt. per thousand of normal lithium carbonate, 
Li“CO“. 

S. de Luca {Gompt. rend. IxxxAui. 171) has detected lithia, in the tradiylh* (^ailh 
and the Avator of the Solfatara at Pozznoli. 

L. Uioulafait (AwJi. Ghim. P%,s. [5], xvi. 377) has shown that lithium is much 
more widely diffused in nature than has hitherto been suppos(Ml. Ho has found it in 
sea-water from all parts of the globe, in quantity sufficient to be e.asily recognisable 
by the spectroscope in the residue obtained by eA*aporating Ujss than a cnbic* (amti- 
meter of the water; in larger quantity in the water and the mud of salt marshes ; in 
salt springs, and in mineral waters belonging to the primary rocks ; further in these 
rocks themselves (granite, syenite, gneiss) ; and in gypsums both of the secondary and 
tertiary formations — not howeAmr in the crystals of pure calcium sulpha, to, but m the 
ma,rls which accompany them. The general conclusion is that lithia is as Avidcly 
diffused as vpotash and soda, and is found accompanying tlioin in rocks of all ages, in 
sea water and in mineral waters. 

Preparation. — The following method of preparing lithiiim-salts on the large scab) 
from lepidolite, as practised at Schering’s AA^orks in Jlerlin, is (hiscrihod by hhlsingec 
{Dingl.pol. J. ccxix. 183 ; ccxxii. 321, 385). The liiiely ground and sifled mincraj is 
stirred up to a thin paste with strong sulphuric acid in warm brick t, rough, and 
digested, with gentle stirring till it forms into lumps, Avliich are thou calcined in a 
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reverberatory furnace and thoroughly lixiviated with water while still warm. The 
lye thus obtained is mixed with a quantity of potassium carbonate sufficient to convert 
all the alumina into alum ; the alum-meal which separates on boiling is removed ; and 
the small remaining quantity of alumina is precipitated by milk of lime. All the 
lyes are then united ; the salts are converted into chlorides by precipitation with 
barium chloride ; the liquid is evaporated to dryness ; the chlorides of lithium and 
calcium are extracted with absolute alcohol ; the alcohol is distilled offi ; the calcium 
precipitated with ammonium oxalate ; any heavy metals that may be present are 
precipitated by a small quantity of ammonium sulphide ; and the lithium chloride, 
which is now quite pure, is evaporated in a large silver vessel. The solution of this 
salt, treated with ammonia and ammonium carbonate, yields lithium carbonate in the 
form of a very light precipitate which may be freed from chlorides by washing with 
alcohol of 60 per cent, (see also Petersen, JDingl. poL X ccsxiv. 176 ; Jahresb.f. Chon. 
1877, 1158 ; Ckem. 8oe. J. xxxii. 706). 

On the Spectroscopic Estimation of Lithium, see Truchot ( Com^i. rend. Ixxviii. 
1022) and Balltiann {Zeitsch. anal. Ghem. 1875, 297). 

Borates. Eilsinger {Arch. Xharm. [3], viii. 198) has examined the following 
borates of lithium : Li“0.2B-’03 + dH^O, LP0.3BW + OH^O, and LPO.^B^O^ + lOH^O. 
The first two of these salts are formed on dissolving lithium carbonate in aqueous 
boric acid, the former with excess of the carbonate, the latter with excess of boric 
acid. The third salt is produced by boiling lithium acetate with boric acid for some 
time, and repeatedly evaporating the solution to a syrupy consistence till all excess of 
acetic acid is driven off. All three are easily soluble in water, but insoluble in alcohol. 
The first two do not crystallise, but dry up to gummy masses, which, however 
crumble to granular powders after prolonged treatment with alcohol. The third salt 
separates, after prolonged standing, in white hard crystalline crusts. 

On Sul^ohate and T?yroghospliates of Lithium^ see the respective Acids. 

ZfXTHOFRACTSIT2l. See Explosives (p. 766). 

ICiITKOSPBRATXTM. The ash of the seeds of gromwell {Litliospernmm officinale) 
has been analysed by L. Hornborger {Liebig's Amialen, clxxvi. 85), Tlie seeds yielded 
41*47 per cent, ash, which, after deduction of charcoal and CO", gave in 100 parts: 

CaO MgO K:=0 Na=0 SO=* SiO“ 

59-01 3-15 6-17 0-77 0*28 0*77 2*17 27*68 = 100 

XilVER. On Chemical Changes in the Liver, see C. Elugge {Zeitschr. f. Biologic, 
xiii. 133-171 ; Chem. Soc. J. xxxiv. 160). 

On the Formation of Glycogen in the Liver, and its Conversion into Glucose, see 
Glycocosn (p. 877) ; further, Cl. Bernhard {Comgt. rend. Ixxxii. 114, 173, 777, 1351, 
1405; Ixxxiii. 369, 407; Ixxxiv. 1201; Ixxxv. 519; Ann. Qhim. Bhys. [5], viii. 
367; ix. 207; xi. 256; xii. 397 ; Jahresh. f. Chem. 1876, 922; 1877, 980; Glmn. 
Soc. J. xxxiv. 82). 

On the Estimation of Glycogen in the Liver, see G. Salomon {Zeitschr. anal. Chem. 
1874, 470; Jahresb.f. Chem. 1874, 1051). 

On Liver-ferment, see Ferments (p. 780). 

XiOILI^XlDrCrZTXi. This mineral occurs at Mont Challanehes in Dauphind, massive, 
and in small crystals only 4 mm. long, and of the foi-m ooP . oo. An analysis of 
the massive portion gave : 

Fe Co As Sb S Sp. gr. 

21-22 6-44 63*66 5*61 3*66 = 100*59 6-34 at 16° 

leading to the formula FeAs". Measiu-emonts of the crystals by Sclirauf gave, as 
mean values, coP: qoP= 113° 40'; JPoo : |Pco = 133° 50'; jJ’oo : coP = 77° 25', 
whence the axial ratio is a: b : c- 1*536 : 1 : 1-970, which agrees nearly with that 
given by Dana for mispickel, viz. 1*4793 ; 1 : 1*7588. 

XiOPKXKE, This compound is the chief product formed by the 

decomposition of nitroso-amarine at 149°-150° (p. 70). Its formation by the dry 
distillation of hydrobenzamide in presence of air is accompanied by evolution of light 
(p. 1063). 

XiORAINTTHtrS. K. Martins {N. Beg. Pharm. xxiv. 687) finds, from examination 
of several branches of Acacia Verek, on which gummy exudations had formed, that 
these exudations are produced by a parasite which he designates as Lor anf hits 
senegalensis. 

XiOTUR BAX&K. (0. Hesse, Beni. Chem. Gcs. Ber. xi. 1542-1546). This hark, from 
Symglocos racemosa, contains three alkaloids, viz. : loturine, 0*24 per cent. ; colloturine. 



1242 LOXOCLASE— LITDWIGITE. 

0*02 ; and loturidine, 0*06 per cent. The alkaloids are extracted Iruni the hark by 
hot alcohol, and are converted into acetates. Loturine and colloturine are prccipitatotl 
from the neutral solution by the addition of potassium thiocyanate, Icavinp^ tlie 
loturidine in solution. The crystalline precipitate is decomposed by soda, and the 
alkaloids are extracted with ether and recrystallised from alcohol. The oltlorcscciit 
crystals of loturine are separated mechanically from the non-oMorcscent crystals of 
colloturine. 

Loturim is soluble in alcohol, ether, chloroform, and acetone, but insoluble in 
water, ammonia, and caustic soda. It gives no coloration with ferric chloride, with 
strong sulphuric or nitric acid, or on the addition of bleaching powder end ammonia 
to its alcoholic solution acidulated with hydrochloric acid. Loturine meh,s at 
and sublimes, forming colourless prisms. A solution of loturine in dilute acids 
exhibits a fluorescence brighter than that of quiiiino sulphate. Loturino forma well- 
crystallised salts. The hydrochloride, which crystallines in white prisms soluble in 
alcohol and in water, forms double salts with the chlorides of platinum, gold, and 
mercury. The hydriodide forms a crystalline double salt witli merci^ic iodide. The 
nitrate, thiocyanate, acetate, chromate, and picrate are crystalline compounds. The 
tannate and phosphotnngstate are amorphous powders. 

ColloHrine is deposited from alcohol in prisms terminating in pyramids, which 
sublime at 234°. The solution of the alkaloid in dilute sulphuric or hydrochloric 
acid is fluorescent. Grold chloride produces a yellow amorphous precipitate in the 
solution of the hydrochloride. 

Loticridme . — The filtrate from the thiocyanates of loturino and colloturine is 
rendered alkaline by ammonia, and the loturidine extracted with other. Loturidine is 
a yellowish-brown amorphous body yielding amorphous salts. It dissolves in strong 
nitric and sulphuric acids, forming yellow solutions. The solution in dilute acids is 
fluorescent, 

Wincldcr’s californhin (i. 722) was not a simple substance, but a mixture of the 
acetates of 'these throe alkaloids. 

XOXOCIiASEI. A soda-felspar with orthoclasiic (‘leavngo, and thorofor('. re- 
sembling Breithaupt’s loxoclaso (iii. 735), lia.s been examinetl by Oli, V('la,in {ihiupt, 
revd. Ixxix. 250). It occurs, with aiigito and epiiloli*, in the slugs and tnfas ot* the 
island of Rachgoiin, Algeria, and, like the a.ugite, exhibits all t,he signs of derivation 
from the older rocks by whoso decomposition the tufas have boon formed. Tlio mean 
of three analyses gave : 

SiO® A1=0» CaO Na^O K“0 Sp. gr. 

66*72 19*73 2*20 7*63 3*71 0*10 lOO'OO 2*58 

liXTBliAMlTB. A hydrated basic fon*oua jhospluito, found in Cornwall, 
associated with quartz, chalylnto, viviaiiito, iron pyrites, and mispiekol. Hardness 
= 3*4; sp. gr. « 3*12. Colour, clear green, from pa,l(‘ to dark, transparent and 
bi'illiant. Streak very pale green, approacdii ng to wbil.tu It tinges the flan nM>f the 
blowpipe slightly green, and yields a scmi-fiisod blackish residue. It is soluble in 
dilute mineral acids, and is readily decomposed by boiling with a solution of caustic 
alkali. Analysis gave as follows : — 

Pe 

52*76 30*11 16*98 = 90*85 

These numbers correspond very closely with the formula 7h\'.O.2P"Ob0TT“O. Tbo 
mineral differs from vivianito, (3BoO.P“0*b8H‘0), in the fact tlia,t if deci*('piliites 
violently when heated, and breaks up into brilliant crystalline plates of a det'p 
blnish-grecn colour. Vivianite, on the contrary, does nut decrepitate, but gradually 
exfoliates and turns white (F. Field, PHI. Mag. [5], iii. 52). 

Ludlamite is monoclinic, with the axial ratio a : h : c = 0*4439 : 1 : 0*8798. 
Angle c? = 79° 27'. Observed faces, ±P, coP, OP, coPco, -fPeo, -}-2Pc», 

P CO. Cleavage distinct parallel to OP. The crystals are optically positive, the optic 
axes lying in the plane of symmetry. Acute bisectrix - 88° 54'. Dispersion incon- 
siderable; p> V (Maskelyne, ibid. iii. 54, 135, 525). 

ZiXTBWZGZTE. This mineral, from the Banat, is parallel-fibred and mostly 
short-fibred. 8p.gr. - 3*907 to 4-016. Hardness = 2. Tough, difficult to split. 
Colour blackish-green to black. Lustre silky. Streak-powder blaekish-groon. Thin 
splinters melt with difficulty to a black magnetic slag. Dilute hydrochloric nmd dis- 
solves the powder very quickly. Its composition, according to F. Ludwig, is * 

B=0* Fo’O* Ft;<) MgO 

16*09 39*92 12*16 3Pf9 = 100*16 

15*06 39*29 17'67 2G*9i = 98*93 
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whence may he deduced the formula SMgO.B^O** + FeO.Pe~0^, representing it as a 
molecular compound of normal magnesium borate and ferroso-ferric oxide. 

Ludwigite occurs in the southern part of the mining district of Morawitza, and on 
the western outcrop of the limestone, associated with a very compact magnetic iron- 
ore imbedded in the crystalline limestone, in the neighbourhood of a cleft traversing 
that formation. The ludwigite occurs only in isolated lumps in the magnetic iron 
ore, which often traverses it in thin threads (G-. Tchermak, Liebig's Annalen, clxxiv. 
112 ). 

A decomposition-product of the blackish-green variety of this mineral has been 
examined by F. Berwerth {Min. Mitth. 1874, 247). Sp.gr. = 3*41. Mineralogical 
examination shows that it is a mixture of brown iron-ore, talc, brucite, magnesite, 
and calcite, and this result is confirmed by the direct chemical analysis of the product, 
as appears from the following comparison : 


Brown iron-ore 


. 75-44 

CaO 

MgO 

00“ 

SiO= 

H=0 

12-73 


5_ 

88-17 

Talc 

Brucite . ^ . 


. — 

— 

1-44 

— 

2-88 

0-22 

— 

S= 

4-54 


. — 

— 

3-08 

— 

— 

1-39 

— 


4-47 

Magnesite 


. — 

— 

1*40 

1-54 

— 

— 

— 

- 

2-94 

Calcite 


— 

0-09 

— 

0-07 

— 

— 

— 

= 

0-16 

Totals 


. 75-44 

0-09 

5-92 

1-61 

2-88 

14-34 




100-2S 

Direct analysis 


. 75-34 

0-09 

5-80 

1-65 

2-83 

14-51 

0*80 

= 

101-02 


XitrPZN'E. The transformations of substance which take place during the 
germination of lupine-seeds have been examined by Schulze, Umlaufb a. TJrich {Deut. 
Chem, Ges. Blt. ix. 1314). Out of the 45 per cent, of albuminoids (conglutin and 
albumin) contained in the ungorminated seeds, there remained, after fifteen days’ 
germination in the dark, only 8 per cent., the remaining 37 per cent, having been 
decomposed. The chief nitrogenous decomposition-product was asparagine, besitles 
which there wore formed small quantities of other amides not isolated, and a vci’y 
small quantity of ammonia. The sulphur of the decomposed albuminoids appeared to 
be converted into sulphuric acid, as the proportion of sulphates in the sprouts iu- 
croasod considerably. No separation of non-nitrogenous substances in the decomposed 
albuminoids was observed to take place. 

litrptriilWIS, Tin's name is given by Griossmayer to a base obtained by distilling 
the aqueous extract of hops with lime or magnesia (p. 1040). 

XiVTBOCOBAXiT COMPOtrirBS. Soo CoBALT-BASES (p. 546). On the 

crystalline form of the Chloride, vii. 3G5. 

XaUTZBXnrB. See PlCOLINE-BASES. 

XiUZOiriTB. See Enargite (p. 733). 

XiVCZ3Nr£. The base from Lycium harharmn^ to which this namo was applied hy 
Husemann a. Mamie (iii. 738), has been shown by later researches of Husemann to 
be identical wdth betaine (p. 323). 

ZiircoPXiBBON'. The substance called ^Indian Bread,’ sometimes used as 
food by the Nortli American Indians, consists of a parasitic fungus {Lycoperdon 
.solid'iwi) ioMndi growing in tuberose musses, weighing from an ounce to several pounds, 
on the roots of coniferous trees. Its surface is ash-groy and wrinkled, while the 
inside is nearly white and has the appearance of starch. The same substance is found 
in China and Japan, where it is called revspectively ‘ Fuhling ’ and ‘ Tueka-hoe.’ 

The following analyses made by Braun in 1871 and by Keller in 1876 {Chem. 
xxiv. 168,881) show that the composition of this fungus is subject to great 
variations, due, according to W. Mallet, to the penetration of the roots of the tree hy 
the mycelium of the fungus, which converts the woody fibre of the roots into its 
own substance. In the specimen analysed by Braun, this process appears to have 
been only in its incipient stage, whereas in that analysed by Keller, it must have 
been nearly complete : 



Braun 

Keller 

Water 

. 14-16 

10-70 

Glucose 

. 0*93 

()-87 

Gum 

. 2-60 

2-98 

Poctose 

. 17-34 

77-27 

Woody Fibre 

. 64-45 

3-76 

Nitrogen in insoluble combination 

. 0-36 

— 

Proteids . . . ... 

. . — 

0*78 

Mineral substances : 



Soluble in Water ) 

. 0-16 

Jo-os 

Insoluble in Water 5 

(3-50 
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The ash analysed by Keller was found to contain : 




Na“0 OsiO MgO 

Fe^O® P“0'’ 

SO=* 

Cl 

SiO=» 


4-678 2-192 5-169 11-375 

n-808 10-781 1-587 

1*642 

41-771 

= 100-000 


Deduct 0 for Cl 

• 

• 

0-370 






99-63 

XkYCOPOBXUlUC. The following analyses of club-mosses 

are by C, 

W. JIawos 

{Sill, Am. J. [3], vii. 585) : 






C 

H 

0 

N 

Ash 

Lyco^odjium dendroidemn 

. 47-11 

6-39 

41-85 

1*40 

3 '25 p. c. 

J) »} 

. 47-29 

6*43 

41*62 

1-38 

3-28 „ 

„ convjylanaUim 

. 45*78 

6*25 

40-66 

1*84 

r)'-»7 „ 

*> »j » 

. 45-62 

6*26 

40-79 

1-84 

5*49 „ 


M 



r 



^ mAClMXJnX^, TMLOntN, and BXORIM'TiLirmc ACIB. These three con- 
stituents of fustic have been examined by J. Lowe {ZeiUchr. anal. Cheni. 3 875, 117). 
They contain a common iniciens with 15 at. carbon. The amount of water in crystal- 
lised morin differs accordingly as it is crystallised from hot water or from alcohol. 
Lowe’s analyses lead to the following forniulse : 

Morin dried at 100° C'-TP^'O’' 


JT'.’O 
+ 231*0 
C'OPW + Pbo 
0‘*'U“’C)h2jn)() 
ion 0‘*’1P“0”; i|.giv('s off 


precipitated by water from alcoholic soUitaoii 
„ rocrystallised from water .... 

Egg?“yollow Load- compound of Morin . . . , 

Orangery olio w „ „ ... 

M a cl iir in dried over sulphuric acid has the composit 
water at 120°-'130°, leaving Its alcolutlic solution yields wit h lead a(’ctait(\ 

a precipitate having the composition C'MP«Oh3PbO. Aqueous solutions of ana el nriii are 
precipitated by alkaloids, gelatin-solution, and albumiji. 

Mori ntanuic acid, forms a load compound liaving tlie eoninositiou 

2C‘*H^-Oh5PbO. It differs from maclurin by containing 1 at. oxygiai less. 

MAC03MXTE. A mineral from Macon County, North Carolina, wheri‘, it is 
found accompanying corundum (p. 570). 

MACROCHORBXOIf. See BxiOMELIACIijE (p. 350). 

iMCAGXgrESXA-MXCA. See Mica. 

MAGWBSlTE. The crystallised magnesites of the nortli-oastern Alps liave 
been examined by J. Eumpf {Jahrh.f. Min. 1874, 540). 

_1. Beautiful small crystals of this mineral occur at Mariazell, in Styria. They 
exhibit the combination OE. ooP2, have a longbh of 1*6 mm., and are sometimes trans- 
parent and colourless, more often yellowish-brown. vSp. gr. ~ 3-038. Analysed l^y 

2 . A second locality is an iron mine near Flachaii, in Salzburg. Light rrrey crystals 

likewise exhibiting the combination 0E-coP2. Sp. gr. =3-015. Analysed l)v 
K. Sommers. j j 

3. Ecmarkable is the occurrence of lenticular magnesite crystals in tlu^ block- 
shaped masses of magnesite lying between clay-slates. Those crystals are known in 
btyria by the name of pines tone {PinoUstein, probably from the rosemblaneo of 
their section to that of the fruit of Pmtis yinea). Eumpf proposes to designate 
the magnesite rock as PinoUte. It consists mainly of crystalline milk-white 
magnesite and clay-slate, which, however, is in some parts replaced by talc-slate. 
Ihe magnesite crystals have the appearance of flat lentils abundantly disseminated 
through the clay-slate m variously shaped bundles and tufts. The principal localities 
pe the mouutain-gorge of the Sund {a) and Wald (5), in Styria, and the Bcmmering 
m Lower Austna. Analyses of magnesites from the two first-named localities have 
oeen made by Fr. Ullik. 


(1) 

MgO 

45-32 

CaO 

1*58 

Fe®0» 

FcO 

2-12 

(2) 

44-53 

0-65 

3 62 



(3, a) 

45-60 

1*01 

— 

1-74 

(3. h) 

45*55 

0-86 

— 

1*62 


MnO 

CO’ 

H"‘0 

luRolnbli; 

— ■ 

50-90 

0-36 

0*34 = 3 00-62 

0*28 

49-67 

0-61 

0-58 = 99-94 

— 

51-87 


0-25 = 100--I7 

— 

51-62 

— 

0--17 = 100-12 
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MiLGN'SSSZtTM. Experiments on the action of metallic magnesium on various 
metallic salts have been made by S. Kern {Chem. News, xsxii. 309 ; xxxii. 112, 236). 
Concentrated solutions were used and left in contact -with magnesium ribbon for 30-40 
hours. The experiments sho^v that most metallic salts are converted by the action of 
magnesium into oxides or hydroxides. 

Cohalt chloride is decomposed, with evolution of hydrogen and deposition of a green 
substance containing cobalt oxide. With silver nitrate a precipitate of silver oxide is 
obtained. In a solution of lead nitrate, the magnesium quickly becomes covered with 
metallic lead in the form of a very fine powder, which is soon converted into Pb(OH)-. 
8trontmm salts require much more time to decompose them. Concentrated strontium 
chloride solution, in contact with magnesium for two days, gives a white precipitate 
of strontium hydroxide : 

SrCP + Mg + 2H-‘0 == Sr(OH)2 + MgCP + 

Mercurio chloride with magnesium gives a gre 3 dsh precipitate, which turns red when 
ignited. This precipitate is a third form of mercuric oxide, which had hitherto been 
known only.as\ red or yellow precipitate. Flatinic chloride with magnesium evolves 
hydrogen. After about 20-25 hours a black precipitate of metallic platinum is 
formed. On leaving it in contact with water, brown Pt(OH)‘‘ is obtained. Ferric 
chloride is rapidly converted into ferric hydrate : 

Pe^Cls + 3Mg + = Fe2(OH)« + SMgCP + SB?. 

With sine salts magnesium eliminates hydrogen very slowly; with zinc chloride after 
48 hours a small amount of hydroxide w’as formed. In a solution of sodmm chloride 
magnesium also eliminates hydrogen very slowly, sodium hydroxide being formed, 
which quickly turns red-litmus paper blue. Manganous chloride yields manga- 
nous oxide, rapidly oxidised to manganoso-manganic oxide, Mn^Ok Tfranic nitrate 
yields uranic oxide. Fotasskm dichromate is but slowly attacked, with formation of 
magnesium dichromate and potassium hydroxide. AUiminium salts are very slowly 
attacked, with formation of aluminium hydroxide. From & ‘palladium solution magne- 
sium eliminates hydrogen, forming palladium monoxide, together with a small quantity 
of metallic palladium which unites with the hydrogen, forming Pd^H. In a solution 
of copper, the magnesium quickly becomes coated with metallic copper. A solution 
of sal-ammoniac is decomposed by magnesium, with rapid evolution of hydrogen. 

Detection and Estimation. — A delicate spectroscopic reaction for magnesia 
and for alumina is afforded by the absorption -spectrum of a solution of purpuri n 
mixed with one or other of these bodies, A dilute aqueous solution of pure piu'puriu 
shows a weak absorption in the yellow, and a stronger in the green, between F and h. 
This absorption becomes more intense when ammonia is added, and disappears on 
adding dilute acetic acid, a faint absorption in the blue alone remaining. But when 
to a very dilute aqueous solution of purpurin a dilute solution of alum is added, the 
liquid becomes red, and gives two strong absorption bands between I) and E and h and 
F. This reaction, which is also produced by other aluminium salts, is best seen in a 
very weak alkaline solution ; it is weakened but not destroyed by acetic acid. 

Magnesium salts give the same bands, only that in the yellow is stronger than the 
other, but the least excess of acetic acid destroys the spectrum. The least traces of 
magnesium and aluminium can bo detected by this reaction, which is not shown by 
the salts of iron, manganese, zinc, the alkali-metals, or those of the alkaline earths ; it 
(loos not appear when salts of iron or zinc are present in excess (H. W. Vogel, Deut. 
Chem. Ges. Bor. ix. 1641). 

For the precipitation of magnesia as ammonio-magnesium phosphate, 
F M.6b.T{Zeitschr. anal. Chem. IS7S, 36) recommends the use of ammonio-sodium phos- 
phate, by which the magnesium is thrown down at once as crystalline ammonio-mag- 
nesium phosphate. The same method is recommended by W. Gibbs {Chem. News, 
xxviii. 51) with the addition that the precipitation with phosphorus -salt should be 
performed in a hot concentrated solution, and ammonia added only after cooling. 

On the estimation of magnesia in a mixtiu’e of alkaline and earthy sulphates, see 
Sulphates. 

Separation from Calcium. — Sonstadt {Chem. News, xxix. 209) employs for this 
purpose a concentrated solution of potassium iodatc, which throws down the calcium 
as iodate without perceptibly redissolving it, but does not precipitate magnesium 
salts, and has the further advantage of not interfering with the subsequent precipita- 
tion of the magnesium by ammonio-sodium phosphate, the resulting precipitate of 
ammonio-magnesium phosphate being, on the other hand, less soluble in the liquid 
containing the calcium iodate, than in dilute ammonia. Sonstadt regards this method 
of separation as much more effective than the ordinary method with ammonium 
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oxalate, inasmucli as ivhen the latter is employed, not only is a small portion of 
magnesia thrown down with the lime, hut the presence of the magnesium salts likewise 
interferes with the complete precipitation of the calcium as oxalate. 

Magnesium chloride. A hydrated chloride of magnesium, MgCl-.dH-O, named 
Bischojitey is found, together with carriallite, in cavities and as a crust on rock-salt in 
the Stassfurth mines. The crystals of bischofite often contain microscopic crystals of 
sodium chloride, and may ho distinguished from carnallite by the fact that they are 
very deliquescent, harden on exposure to a temperature of 40^-45°, hut tlcliquesce 
when the temporatiiro falls; this property is nob possessed by carnal lit c. They arc 
transparent or white and more or less opaque. Hardness 1-7 ■ .Sp. gr. rOo. When 
heated, they give off water and hydrochloric acid, and leave a residue of oxyclilorido. 

Oxychloride, — Bender, by mixing calcined magnesia with a strong solution of 
magnesium chloride, and leaving it exposed to the air for six months, obtained a pasty 
mass which he regarded as a mixture of the oxychloride, MgCr“.5Mg0.17H“0, with 
normal magnesium carbonate (vii. 759). It is, however, by no means certain that 
magnesia is completely converted into normal carbonate by exposure Co the air, and 
moreover, an oxychloride differing in composition from Bender’s salt is obtained by 
mixing freshly calcined magnesia (30 grams) with solution of magnesium chloride 
(1500 grams) in a flask well corked and nearly filled with the mixture, and heating 
it in a water-hath, with frequent agitation, till the liquid when examined under the 
microscope exhibits nothing but needle-shaped crystals. These crystals, when washed 
with water, and dried at 110°, were found to consist of MgCl-.lOMgO + 14H*0, and 
when dried over soda, of MgCHlOMgO + 18H-0. When dry they withstand the 
action of carbonic acid, but are completely decomposed by it when moist. The pasty 
mass obtained by kneading maguosia with solution of magnosiuni chlorido, is a mixture 
of the 18 mol. hydrate with basic magnesium carbonate (0. Krause, Ijichufs An^nalcu. 
clxv. 38). 

XTitride, Mg^’N-. Brieglob a. Geuthor obtained this compound us a greenish- 
yellow amorphous mass by passing ammonia or nitrogtm gas over stronglj' iieatod 
magnesium (hi. 754) ; and J. W. Mallet {Cheon, News, xxxviii. 39) luis lately observed 
the formation of the same substance in largo quantity by the simple eumimstion of 
magnesium with limited access of air. Tho chief part of the metal burned is, of 
course, converted into oxide, and tho temperature produced by tho combustion is higli 
enough to induce the remainder, when the supply of oxygen is limited, to unite with 
nitrogen. 

The following three experiments show tho largest absorption of nitrogen : 



Mg. used 

NH’ obtained 

No. 1 , 

gnns. 

grms. 

. 2-635 

0-292 

No. 2 . 

. 2-204 

0-286 

No. 3 . 

, S-117 

0-365 


Mff. convortod 


into nitride 

Equiv. Equiv. l\Tg. per 100 pin. 

grms. grms. umcmI 

0-859 0-618 23-5 

0-841 0-606 27T) 

0-773 0-773 24-8 


Aluminate, MgO.ABO^ This compound may be obtained in tho crystalline 
state by packing 25-5 grams of pure and freshly ignited magnesia in a eruciblo of hard 
carbon, imbedding in the centre a lump of aluminium containing 8 grains of tho 
pure metal, and raising tho whole to a very high temperature. After cooling, the 
whole of the aluminium, the magnesia, and the crucible were separately treatotl with 
moderately strong, hot, hydrochloric acid, and tho solutions filtered. The greyish 
residue left on the filters from the first two solutions was dried, ignited in a stream of 
oxygen to burn off some specks of carbon, and on being examined with the microscope 
was found to consist of minute, colourless, transparent crystals of two kinds : the one 
being thin elongated scales, consisting of j)uro alumina ; the other of regular octahedrons, 
which scratched glass readily, and on fusion with acid sodium sulphate yielded mag- 
nesia 28-99 per cent., and alumina 70-81 per cent., giving the ratio, MgO : AFO^i 
725 : 689, and showing that these crystals consisted of artificial sinnelle, MgAl*Ob 

Magnesium-alum, MgAP(S0-*)b24H‘O (v. 583), has been found in lumino- 
crystalline masses, and occasionally in long-fibred bundles, on the island of Negros, 
Philippine group. When recrystallised it formed small crystals exhibiting the 
combination 0. coOoo . Analysis gave : 


SO=* A1“0=» 

37-76 12-60 


(Frenzel, Min, Mitth. 1877, 303). 


MgO 

3-52 


CaO 

0-91 


H"-0 

45-21 = 100 
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MAGIKrBTXC XnolN oaB. MAGWBTITE. This mineral, occurring with 
amethyst veins in the trapp of Annapolis County, Nova Scotia, has been analysed by 
H. How {Phil Mag. [5], i. 136). 


Quartz MgO(‘) 0(=) 

5-46 1-27 24*94 

4-94 4-84 25-19 


Fe 

68*33 « 100 
65*03 = 100 


(^) With traces of CaO, 


(“) Determined by difference. 


J. Strliver {Zeltschr, f. Krgst. i. 230) has described the magnetite of the Alban 
mountains (ancient Latium), where it occurs, partly as a constituent of -the lavas, 
partly in geodes, partly in loose crystals in ashes and tufas, and in the sands of 
streams and lakes. The forms observed were 0, coOoo , coO, 202, 303, oo03, 60|, 
of which the fourth and sixth are new for magnetic iron oxide. Older authorities 
assign to the magnetic iron ore of this locality a very large amount of titanium ; Struve 
however found only traces. 

Pine crystals of magnetite are found at Mulatto, implanted on a solid mass of the 
mineral and eriiibiting the faces coO, 50|, 303, 0 (Doelter, Jahrb. f. Min. 
1877, 647). 

A. Knop (Zeitschr.f. Krgst. i. 64) has analysed a titaniferous magnetic iron oxide 
from enclosures in the Sanidin'Hayn-Phonolite from Horberig near Oberbergen in the 
Kaiserstuhl range, with the following results : 


Fe«0=* TiO“ A1=0" MgO MnO 

88*41 4*08 6*85 4*57 trace = 103*91 


These values correspond with the following : 

Fe(Fe, Ti)=0^ MgAFO* MgFe-O** 

69-84 11*42 9*54 9*40 = 100*20 

J. E. Muller {Zdischr.f. Krgst. i. 512) has analysed the magnetic iron ore from the 
Kaschberg in Bohemia, consisting of mixtures of augite and magnetite, which latter 
can be very accurately separated by the magnet : 

Fe=0* FoO CaO SiO= 

61*14 0*4815 32*2164 3*507 1*0655 = 98*4104 

Mag^ietio iron sand has lately been found in a granite vein accompanied by 
an excess of mica, at Grotta d’Oggi, near San Piero, Elba. The uppc^r part of the 
magnetic iron deposit is partially decomposed, and contains numerous black magnetite 
crystals some of which exhibit a bronze-liko tarnish. The crystals, which are oeto- 
hedrons or rhombic dodecahedrons, or combinations of the t-wm, have a diameter of from 
h to 1 centimeter, and are strongly polar-magnetic. Lower down in the vein-stone 
the magnetite crystals increase in size, but are less freely crystallised. Magnetite also 
occurs in the green diorite slate, at Caviere, near San Piero, but it is not so strongly 
magnetic as that found in the granite, and not crystallised (G-. Poster, Jahrb. f. Min. 
1877, 531). 

Allotrogio Varieties of Magnetic Iron Oxide . — This oxide, when obtained by heat- 
ing ferric oxide for some hours in hydrogen gas or carbonic oxide at 350'^-440°, or 
by heating the hydrate of the magnetic oxide at 300° in an indifferent gas, or by 
calcining pyrophoric ferrous oxido at a low red heat, passes into ferric oxide by 
calcination in the air, and is attacked by concentrated nitric acid. Its density 
is 4*86. Magnetic oxide obtained at a high temperature by burning iron in oxygon, 
or by decomposing the sesquioxide at a bright rod heat, has a density of 5 to 5 "09, 
and does not possess those properties. Pyrophoric ferrous oxide is transformed when 
heated in the air into ferric oxide, but if this substance be heated to dull redness in 
carbonic acid gas, magnetic oxide is obtained identical with the first variety mentioned 
above. If this variety he heated intensely in nitrogen, the second kind, namely, that 
which is incapable of taking up more oxygen, is obtained (H, Moissan, Gomgt. rend. 
Ixxxvi. 600). 

MiLGTSTBTXC PVStXTBS. The following are recent analyses of this mineral : 

(1) . Prom Elizabeth Town, Canada, by J. Lawrence Smith {Cornet, rend. Ixxxi. 976). 

(2) . Prom the same locality, by Lindstrbra {Peut. Ghem. Ges. Per. ix. 858). (3). Prom 
Todtmoos in the Schwarzwald, by A. Hilger {Liebig's Annalen, clxxxv. 208) : 


Fe 

Cu 

Mu 

Ki 

Co 

s 

SiO“ 

Z 


Sp. gr. 

59*88 

— 

— 

— 

— 

39*24 

— 

1*01 

= 100*13 

4*642 

60*56 

0*145 

0*06 

0*112 

0*111 

39*02 

0*036 

— 

== 100*044 

4-622 

56*58 

0*54 

— 

1*82 

0*48 

40-46 

— 


= 99*88 

4-12-4-2 


The proportions of iron and sulphur in these analyses agree most nearly with the 
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formula Pe^S^, which requires 60-5 Fe and 39'5 S. The formula PeS requires 63*6 Pe 

and 36-4 S. ^ i 

The crystals from Elizabeth Town are composite, three individuals ot the com- 
bination . OP, being grown together in the direction of the faces of the pyramid 
P, whereby the axes of the individual crystals are set perpendicularly to each_ other 
(E. S. Dana, Sill, Am. J. [3], xi. 386). Crystallised magnetic pyrites from Bottino in 
Italy exhibits the faces P (?), OP, coP, 2P, 6P (G-rattarola a. d’Achiardi, ZeiUchr.j. 
Krystallogra^pMe, i. 526). 

MilGKrBTXSZKE. Belationshi'p of the Magnetic Metals.~-T\iQ following 
table, exhibiting the physical resemblances between the magnetic metals, iron, 
cobalt, and nickel, has been drawn up by W. P. Barrett {BUI. Mag. [4], xlvi. 478) : 


Substance 

Density 

Atomic 

weight 

Specific 

heat 

Atomic 

Dilatation 

Conductivity 

heat 

By heat 

By strain 

For heat 
f 

For sound 

Iron . 

7-8 

56-0 

0T138 

6*3S 

•0926 

*0387 

■168 

15-3 

Nickel 

8-3 

58-5 

0*1091 

6*33 

•0899 

•0394 

•131 

14*9 

Cobalt 

8-5 

58-5 

0*1070 

6*26 

•0981 

•0456 

•172 

14*2 


These metals likewise present a remarkable similarity in many of their chemical 
properties. Both iron and nickel become passive when immersed in strong nitric acid ; 
the action of the concentrated acid upon cobalt may with great probability bo attributed 
to the of iron which it invariably contains. 

Perrous salts are bluish-greon ; nickel-salts emerald-grcon ; cobalt-salts (wdion 
warmed) bright green; the change of cobalt-salts by heat may perhaps bo related to 
the increase in the magnetic power of the metal, whieli likewise takes })laeo when it 
is heated. Cobalt and nickel, moreover, generally occur together, and all the three 
metals are associated in meteoric iron. The feebly magnetic metals, manganese and 
chromium, likewise participate to a certain extent in the chemical properties of iron, 
nickel, and cobalt. 

Nickel and cobalt, when magnetised by an electric current, give out, on tho closing 
of the circuit, a sound, which in the case of cobalt is louder than with nickel, and has 
the metallic ring of that produced by iron under similar circumstancos. Bars of iron 
and cobalt appear to be somewhat elongated by magnolJsation ; nickel does not. Tho 
result obtained with cobalt is, however, scarcely decisive, as the metal used was not 
quite free from iron (Barrett, PM. Mag. [4], xlvii. 51). 

On the effect of Magnetisation in the JPhgsioal Brojgcrties of Iron, see further 
p. 1096. 

W. Hankel (Ann. Phgs. Chem. [2], i. 285) has determined the magnetism 
of very pure nickel and cobalt, under the influence of currents of various strength. 
In nickel, the magnetism excited by comparatively feeble currents is nearly equal to 
that of iron, and differs from that of the latter in increasing ratio as the currents 
become stronger. Cobalt, on the other hand, acquires under the iiifluonco of ■weak 
currents only about half the magnetism of iron, and with stronger currents a, fraction 
of that of iron becoming continually smaller as the strength of the current is gK'ater. 

H. A. Eowland {Phil. Mag. [4], xlvi. 10; xlviii. 321) has also made comparative 
experiments on the behaviour of iron, nickel, and cobalt under tho influence of 
magnetising forces, from which he infers that the differences between the magnetic 
characters of the three metals arc only quantitative, and may bo summed up in the 
following propositions: (1). As the magnetising force increases, the resistance to 
magnetisation diminishes down to a certain miuimum, after which it increases without 
limit. (2). In nickel and cobalt this resistance depends upon the temperature, and in 
cobalt it diminishes with rise of temperature; in nickel it diminishes or increases 
with rise of temperature accordingly as the magnetising force is weak or strong. 
(3). All the three metals have a maximum of magnetisability, which, however, is 
attainable only under the influence of magnetising forces not practically available 
(the limit would be first attained with nickel). (4). In iron and nickel, this maximum 
diminishes as the temperature rises, at least between 10° and 220°, slowly in iron, 
quickly in nickel. 

The following conclusions are deduced by A. L. Holz (Pogg. Ann. cli. 69 ; cHv. 67) 
from experiments on the effect of solvents on steel magnets: (1). The magnitiido of 
the magnetic moment of a steel bar depends upon the structure of the iron and that 
of the iron carbide associated with it. (2). This moment (referred to 1 mg. as unit 
of -weight) is diminished by removal of magnetised iron, but increased by removal of 
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magnetised iron carbide. (3). The particles of iron carbide which remain after the 
pure iron has been dissolved out, are magnetisable and become permanently magnetic. 
(4). The coercive power of steel magnets and of magnets formed of electrolytically 
deposited iron is dependent on the distances between the molecules, the magnetic 
moment being increased by every process which widens these distances (see further, 
Aim. Phys. Erganzbd. viii. 353 ; Jahresh. f. Ckem. 1877, 171). L Kalp {Poyy. Ann. 
civ. 320) concludes, from experiments on two iron bars of equal size and weight, the 
one having a fibrous, the other a granular texture, that the magnetic moments indixecd 
in the two by currents of equal strength are almost exactly equal, and hence infers 
that texture has no influence on magnetism. 

From experimenrs by Treve a. Durassier [Comyt. rend. Ixxx. 799 ; Ixxxi. 1123, 
1246; remarks thereon by Jainin, ibid. Ixxxi. 1126) it appears: (1). That the 
magnetism of very carefully prepared liomogenoous steel bars penetrates tlxom uni 
formly to the very centre (thickness 16 nun.), as shown by the tact that when the 
magnet is dissolved, its magnetism decreases proportionally to the weight. (2). That 
the magnetic moment decreases with the proportion of carbon, and is greater the 
higher the temperature of the water in which the steel has been hardened ; at equal 
temperatures, on the other hand, it is greater with water than with oil as the re- 
frigerating agent. - 

Eleotrolytically-prejga ed Magnets. — According to experiments by M. v. 
Jacobi {N. Petersh. Ac^. JBuuo. xviii, 11), it appears that iron electrolytically pre- 
cipitated under the influence of a strong electromagnetic spiral does not differ in 
its physical or chemical properties from iron similarly precipitated without such 
electromagnetic influence ; and in particular it does not exhibit more decided magnetic 
properties. Electrolytically precipitated iron shows very little coercive force, which, 
moreover, cannot be imparted to it even when it has been brought, by ignition and 
slow cooling, to the degree of softness iind tenacity of bar iron, or finally converted 
into steel having the hardness of glass. It is capable of acquiring strong temporary 
magnetism, w’liich, however, disappears very quickly. 

According to W. Beetz, on the other hand {Pogg. Ann. (dii. 484), iron electro- 
lytically precipitated from a solution containing sal-ammoniac is capable of acquiring 
very strong permanent magnetism ; iron similarly prneipitated from other solutions 
possesses this power only in a minor degree. If the precipitation takes place under 
the influence of strong magnetism, the solution containing sal-ammoniac yields strong 
magnets of uniform texture, whereas a solution not containing sal-a,nnnoniac yields 
magnets of irregular structure and exhibiting consecutive points, whereby the already 
weak magnetism of the precipitate thrown down from such solutions is made to appear 
still less. Under no circumstances, however, does eU^ctrolytically precipitated iron 
possess much coercive power, unless its structure has been altered by ignition or other 
processes. 

Influence of Hardening and Heating on Magnetisation. — According 
to Uaugain {Comgt. rend. Ixxxii. 144), the hardest steel bars acquire, under the influence 
of powerful magnetising forces, a stronger magnetism than t hose which have been 
tempered, whereas, under the influence of a weaker inducing force, the softer steels 
are more highly magnetised than those of greater hardness. 'Pho magnetism of any 
cross section of the bar consists of an inherent portion which remains in it even after 
separation from the bar, and another portion due to tho action of the other sections. 
Hardening increases the coercive power, and, therefore, also the inherent magnetism, 
but diminishes the temporary magnetism or magnetism of reaction. The latter, there- 
fore, plays a more conspicuous part in steel of inferior hardness. 

Jamin {Cunvpt. rend. Ixxvii. 89) finds that different kinds of steel form weaker 
electromagnets in proportion as they are harder and richer in carbon. Steel of the 
hardness of glass is almost unmagnetisablo, and therefore not well adapted for making 
permanent magnets ; the best steels for this purpose are those of medium hardness. 
A¥hen steel is re-tempered, the power of acquii'ing temporary magnetism increases 
with the degree of heat at which the tempering takes place. In steels containing a 
small or a medium proportion of carbon tlie power of acquiring permanent magnetism 
is greatest when they are completely hardened, is diminished by tempering, and dis- 
appears altogether at a full red heat. In glass-hard, highly carbonised steel, the 
latter power is increased by tempering up to a certain temperature, higher as the 
hardness is greater, then again diminishes, but does not disappear completely even at 
a full red heat. 

'When a bar of highly carbonised steel was removed from a sand-bath in which it 
had been tempered to the dark-blue, and quickly introduced into an electric spiral, its 
temporary magnetism (that which it possessed while still within the spiral) was found 
to be slightly less than that which it would hax'e acquired in the cooled state, but its 

VoL. VIIL 4 M 



1250 


.MAGNETISM. 


permanent magnetism was considerably greater. At tbe first moment the latter 
appeared to be equal to the temporary magnetism, but it quickly diminished and dis- 
appeared completely in a quarter of an hour, whether the original temperature wore 
maintained or the bar left to cool gradually. The disappearance of magnetism is 
exactly analogous to cooling. If the bar be again heated, but to a lower temperature, 
the te'mporary magnetism rises to a higher degree than before, sinks for a moment 
much lower on the breaking of the current, and then decreases more slowly than before 
down to a certain limit, but does not disappear altogether. On repeating the experi- 
ment upon the cold bar, a still higher temporary magnetism is developed, and a 
permanent magnetism greater than the residual magnetism in tbe pin'coding case. 

Experiments on the influence of heat on magnetisation have also bo('n ma,de by 
Fav6 (Compt. rend. Ixxxii. 276), who finds that when heated steel bars are magnetised 
by the electric current, the amount of permanent magnetism slowly diminishes as tho 
temperature at which the magnetisation takes place is raised; it is still considerable 
at a dull red heat, but becomes imperceptible at cherry-redness. The magnetism, 
which disappears very quickly as the bar cools, may be retained for an indefinite time 
at any temperature, provided this temperature be kept constant, but^jvery rise or fall 
of temperature is attended with loss of magnetic power. The quantity of magnetism 
retained at any particular temperature depends upon the nature of the steel, the tem- 
perature at which the magnetisation originally took place, and the changes of state 
which have occurred since the magnetisation. On heating the bars, the magnetism 
diminishes regularly according to a law depending on the composition of tho stool. 
As the bar cools, the magnetism diminishes according to a law which (contrary to 
Jamin’s statement) is very different from the law of cooling, the diminution being very 
slow at first, but afterwards taking place with increasing rapidity. The higher tho 
temperature at which the bar was magnetised, the longer is the duration of tlu! earlier 
stage of slow decrease. When a cooling bar is reheated, the miignotism again 
increases considerably under certain circumstances, hut never regains its original value. 

DaiibrtSe {Compt. rend. Ixxxii. 279) suggests that the results of Fav6’s exporimonts 
may have been somewhat influenced by the inducing action of tho earth, and refers to 
some experiments of his own {ihid. Ixxx. 526), in which bars formed of an alloy of 
platinum with 14 to 16 per cent, iron, and cast with the axis of the mould in tho 
direction of the magnetic dip, exhibited strong magnetic polarity, which was reversed 
by turning the bars upside down and again heating them strongly. 

The influence of heat on magnetisation has also been studied by J. M. G-augain 
{Compt. rend. Ixxx. 297; Ixxxii. 685, 1422; Ixxxiii. 661, 896; Ixxxv. 219), whoso 
mode of operating is similar to that adopted by Fav5, excepting that tlio inducing 
power was furnished by a permanent magnet, one pole of which was plaoc'd in contact 
with the steel bar under investigation, and that the inducing power was in most eases 
made to act constantly during all changes of tomporaturo. Those exp(Tim{‘Tits showed 
that when a bar is moderately heated, the total magnetism (permanent + t<‘mponiry) 
is considerably increased, but that when the heat is raised till tho suad turns blue, its 
magnetism attains a maximum value at a certain temperature depending on tlio nature 
of the steel, and then diminishes to a certain extent. When the ha,r is left to cool in 
uninterrupted contact with the inducing magnetic polo, its magnetism increases, and 
remains, after complete cooling, considerably higher than it was before heating, and 
higher in proportion as the heat was greater. A short time after the removal of tho 
inducing magnet, part of the excess of magnetism developed by heating disiippears, 
and cannot he restored by renewed contact with tho magnet. The ratio of tho differ- 
ence of the two values to the higher limiting value is called by Gauguin the transient 
variation. It is very different for different kinds of steel, and greater for the several 
transverse sections in proportion as they are farther removed from the inducing pole. 
The permanent variation the ratio of the difference between the magnetism of a 
point after heating, and that of the same point before heating, referred to a certain 
temperature ; this variation increases with the magnetising force. In iron these two 
variations are smaller than in steel. Determinations of the total magnetism at different 
high and constant temperatures, show that in bars of great transient variation the 
total magnetism is weaker at 300° than at ordinary temperatures, hut that in bars 
which exhibit only a small transient variation, the total magnetism is strongest at 
300°. Sheffield^ steel, magnetised at a red beat, not only lost its magnetism com- 
pletely on cooling, but acquired _ opposite polarity. On reheating, this reversed 
magnetism disappeared and the original polarity was restored. 

Idev) Method, of Magnetisatiem. — When steam of 5 or 6 atm. pressure is passed 
through a copper tube 2 or 3 mm. thick coiled round an iron cylinder, the iron becomes 
magnetic, and remains so as long as the stream of vapour is kept up (D. Tommasi, 
Compt. rend. Ixxx. 1007). Maumen^ {ibid. 1138) attributes this result to a thermo- 
electric current due to the difference of temperature between the heated inner surface 
and the cold outer surface of the tube. 
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Influence of Traction on Magnetisation , — Experiments on tbe elFect of 
tractile forces on the magnetisability of wires have been made by Sir William Thomson 
{Proc. Roy. Soc. xxiii. 445, 473). Pianoforte^wire suspended vertically within an 
induction-spiral, and stretched by weights, acq^uires weaker magnetism both temporary 
and permanent, than when it is not stretched, the difference being more considerable 
for the permanent than for the temporarily induced magnetism. The variation in the 
magnetism consequent on repeated closing and opening of the inducing-current is 
greater with stretched than with unstretched wire. In wires of perfectly soft iron, 
the result depends on the strength of the magnetising force. When this force has 
attained a certain magnitude, the induced magnetism is increased by tension ; but 
beyond that critical point it is diminished by tension. The alteration produced by 
repeated opening and closing of the circuit in soft iron wires is alw^ays diminished by 
tension, contrary to that which takes place in steel wires. 

IVKagnetism of Cbemical Compounds. Elaborate experiments on the 
magnetic behaviour of the salts of iron, cobalt, nickel, manganese, chromium, 
cerium, and (^idymium, have been made by Gr. Wiedemann (Pogg. Ann. cxxvi. L; 
cxxxv. 177; J. pr. Chem. [2], ix. 145 ; Phil. Mag. [4], xxx. 366 ; xxxvii. 314 ; [5], 
iv. 161, 276). The apparatus used consisted of a brass bar suspended by a torsion w'ire 
of G-erman silver, and carrying — besides a horizontal mirror for reading off the angle of 
rotation — a brass arm directed from north to south, on which was fixed a small glass 
flask filled with the substance under examination ; in front of this flask was placed an 
electromagnet having its axis directed from east to west. This appiaratus affords the 
means of determining the magnitude of the temporary magnetic moment of the salt 
under the influence of the electromagnet, previous observation having shown that the 
magnetic attraction is proportional to the square of the magnetic moment of the 
attracting electromagnet, and consequently that the temporary magnetic moment of 
the glass vessel filled with the solid or dissolved salt is directly proportional to the 
magnetic force. By subtracting from the magnetic moment which the glass vessel 
filled with solutions of a salt in various solvents and of various degrees of concentra- 
tion exhibits under the influence of the wiit of magnetic force, the magnetic moment 
of the same vessel filled with the pure solvent and under the influence of the same 
force, — and applying this method to various salts, and at various temperatures, the 
following results were obtained : (1). The magnetic moment of any salt dissolved in 
various solvents is directly proportional to the weight of that salt contained in a uiiit.- 
volume of the solution, and independent of the nature of the solvent. (2). It decreases 
with rise of temperature, and in the same ratio for all the salts examined. 

Denoting the temperature by t, the temporary magnetic moment at 0® by and 
the same at t° by we have : 

mt - \ — 0*00395 0 * 

It is remarkable that the decrease of the magnetic moment does not differ much from 
the decrease of the electric conductivity of the metal for the same changes of tem- 
perature. 

In the following tables, on denotes the specific magnetism of the salts according to 
Wiedemann’s definition, that is to say the quotient of the magnetic moment developed 
in them by the unit of magnetising force, divided by the weight of the salt contained 
in a unit of volume ; y the values obtained by multiplying m into the molecular 
weight of the salt. 

A. Estionations with Solutions . — (All data, with exception of ammonioferrous 
sulphate, relate to the anhydrous salt. Eor the mean values deduced from the results 
of several experiments, the number of the experiments is given in brackets). 



m 



m 

/A 

NiSO^ .... 

18*40 

1426 

MnSO^ .... 

62*18 

4695 

NiN^oe .... 

16-67 

1433 

MnN=0« 

52*46 

4693 

NiCP .... 

21*54 

1400 

MnCWO^ . 

53*03 

4586 




MnCP [2] , . . 

74*74 

4706 

CoSO^ .... 

41*52 

3218 




CoN20« .... 

33-98 

3109 

Ci%SO^y f2] 

19-40 

3812 

CoCP .... 

47‘08 

3058 

Cr‘^(N20«)» [3] 

15*46 

3705 




Cr^CP .... 

25*15 

3988 

EeSO< [3] . . , ' 

51*35 

3904 




FeN20n21 . 

42*91 

3861 


46*48 

9296 

FeCP .... 

60*78 

3858 


38*89 

9410 1 

FeS0^.(NH^)2S0* + 6H20 

19*35 

3795 

Fe-CP .... 

59*34 

9683 
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B. Estimations tdih Solid Salts . — (These were introduced into the flask in the 
state of fine powder, and intimately mixed with ignited silica or dry potassium 
chloride. Here also the numbers — except in the case of aramonioferrous sulphate, 
refer to the anhydrous salt) ; 



m 

/A 


m 

n 

FuSO' + 7ffO 

46-87 

3683 

MnSO' crj’st. 

60-92 

4G00 

FeCl'-’ .... 

57-71 

3660 

CoSO> „ 

CoSO' [2] . 

38'09 

2950 

FeSOl(NH'faO' F6H'^0 

20-81 

4078 

38-66 

2996 



Fe'-CF . . . 

55'41 

9000 


These numbers show (3) : that in analogously constituted salts of the same metal 
the product of the specific magnetism of the salt into its molecular weight is constant ; 
or, in other words, the molecular magnetism of analogously constituted salts, in- 
cluding the haloid salts, of the same metal, is a constant quantity. Th6 mean magnetic 
moments of a molecule of the nickel, cobalt, ferrous, and manganous salts are to one 
another as 142 : 313 : 387 : 468. The magnetism of a molecule of the cobalt-salts is 
nearly the mean of the magnetisms of the nickel and manganous salts ; that of the 
ferrous salts is intermediate between those of the cobaltous and manganous salts. 
The several oxides of the same metal, FcO and Fe^O'"^ for example, possess difleroiit 
magnetic powers, and for the same oxido the magnetism varies with the form : thus it 
is smaller in the soluble form of ferric oxide obtained by dialysis, and in that which 
exists in basic salts, than in the crystalline oxide, or in that wFich exists in the acid 
salts, (4). The magnetism of salts in the solid state is nearly the same as that of 
their solutions; moreover the magnetism of anhydrous salts is not essent ially altered 
by the entrance of water of crystallisation. The insoluble sa,lts of the metals above 
mentioned — so far as they ai'o not decomposed by 'washing with hot water — agree 
with the soluble salts in respect of the value of g. From the prceeding results, 
Wiedemann considers it probable that in all similarly constituted salt,s of a metal the 
atom of the metal, when subjected to the action of equal magnetising forces, acquires 
the same degree of temporary magnetism. 

In a second series of experiments {Eogg. Ann. cxxxv. 177 ; Vhll. Mag. [4], xxxvii. 
314) Wiedemann shows: (5). That equality of molecular magnetism exists also in 
the salts of cerium, didymium, and copper. (6). The hydroxides t>r the 
magnetic metals above mentioned likewise possess nearly equal magnetism. (7). The 
molecular magnetism of the magnotic metals and of the atomic groups contaiTiing 
them, remains constant in the passage of a binary compound into another similarly 
constituted compound by double decomposition, so that the molecular Tnagnetism of 
binary compounds may be calculated from that of their constituents in their existing 
state by simple addition. (8). In the double cyanidi'S of the magnotic metals the 
magnetism of the atom of metal united with the cyauiferons grou]>s (e.g. 
Oy-}-|-MeCy and Cy + MefCy) is the same as in the simple salts, wherc.'is the 
cyauiferons groups, although they contain 'a magnetic metal, possess a much smaller 
degree of magnetism, or even exhibit diamagnetism. The molecular magnetism of 
2 ) 0 tassiim ferrieyanidGi^ intermediate between (hose of the corresponding mangani- 
and cobalti-cyanides, just as in the lower oxysalts of the same metals. The mag- 
netic powers of the three groups of cyanides just mentioned are smaller by equal 
amounts than those of the corresponding oxysalts. (9). The magnetic deportment 
of the ferrous and f eyrie double oxalates shows that these salts have, in the solid 
state as well as in solution, a constitution exactly similar to that of other ferrous 
and ferric salts. (10). On the other hand, the molecular magnetism of colloidal 
ferric oxide is only U'22 times as great as that of ferric salts and ferric hydroxide, 
so that in this form of ferric oxide the magnetic group of atoms possesses pro- 
perties essentially different from those which it exhibits in other forms. (11). The 
magnetic behaviour of amynoniacal copper and nickel compounds^ as affected by altera- 
tions of density, appears to be nearly the same as that of the other oxysalts and 
haloid salts of the same metals — so that the magnetic groups of atoms in these two 
salts must be essentially the same. On the other hand, the yery feeble magnetism 
of the purpvreo- and lateO'Cohaltic compoU7ids shows that their atomic grouping i.: 
essentially different from that of the simpler salts. (12). When considerable altera- 
tions of density take place, the magnetism of compounds in the solid state may bo 
essentially dififerent from that of the same compounds in solution, as in the case of 
cupric bromide, cobaltous chloride, &c. (IS). The higher oxides of the magnetic 
metals (Fe'O^ &:c.) are much less magnetic than the corresponding hydroxides and 
salts ; but it is not yet determined with certainty how far this difference is due tq 
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alterations of density or differences of atomic grouping. (14). The sulphides of 
the magnetic metals are for the most part much less magnetic than the corre- 
sponding salts. (15). Two diamagnetic elements (bromine and copper) may form a 
magnetic compound, whereas a magnetic element in combining with a nearly indif- 
ferent or slightly diamagnetic radicle {e.g. sulphur, cyanogen in the double cyanides) 
may lose its magnetism. 

Wiedemann has also applied his observations on the magnetism of solutions to the 
study of the affinity of ferric oxide for acids, and the dissociation of ferric salts. Jt 
has been already stated that the molecular magnetism of colloid ferric oxide prepared 
by diffusion of basic ferric salts, is only about 0’22 of that of ferric oxide in strongly 
acidulated solutions. Further observations on solutions of recently precipitated ferric 
hydroxide in solutions of crystallised ferric chloride, gave for the magnetism of colloid 
ferric oxide a value equal to 0 2198 of that of an equal quantity of ordinary ferric 
oxide dissolved in ferric chloride. The observations show further that the magnetism 
of ferric chloride solutions containing ferric oxide is equal to the sum of the mag- 
netisms of the'ron in the chloride and in the colloid oxide; this, however, no longer 
holds good when basic salts are formed in the solution, the iron in these salts prob- 
ably possessing an atomic magnetism peculiar to itself. If therefore in a neutral or a 
slightly acid solution of a ferric salt, part of the salt be resolved into free acid and 
dissolved colloid oxide, observations of the magnetism of the solutions will afford the 
means of calculating the ratio of the ferric oxide combined with the acid in the form 
of a salt to that of the dissolved free colloid oxide, 1— .r \ a?. The experiments with 
this object were made in the manner aboA’^e described (p. 1251), ex-cepting that the 
torsion-balance was made more sensitiA’-e by the use of a longer suspending wire and 
a stronger electromagnet. The observations mado on solutions of ferric chloride of 
different degrees of dilution gave tbc following results : 


Solutions of Ferric Chloride, 


Iron in 10 c.c. 

X 

1 —X 

1*606 

— 

100 

1*207 

— 

100 

0*806 

1*6 

98*4 

0*404 

2*4 

07*(> 

0*202 

6*6 

93*1 

0*138 

8*9 

91*1 

0*071 

11*7 

88 4 


These numbers show that the dissociation of ferric clilorido .solutions increases 
slowly Avith increasing dilution. By similar observations it is found that in solutions 
of neutral ferric sulphate one-fburth of the salt is resolved into colloid di.ssolved ferric 
oxide and sulphuric acid, independently of the degree of dilution. In anmnonia-iron- 
alum, one-fourth of the ferric sulphate is dissociated, independently of the ammonium 
sulphate. In a basic solution of ferric nitrate, 32 to 3G per cent, of the iron was 
found to be present as colloid dissolved ferric oxide. In a noutr;d solution of ferric 
acetate containing 0T82 gram of iron in 10 c.c., 70 per cent, of the ferric oxide was 
found to be dissolved in the colloi'd slate; in neutral solution of ferric tartrate, 57 per 
cent, of the salt was dissociated (Wiedemann, J. pr. Chem, [2], ix. 145-171; rhit, 
Mag, [5], iv. 27 G). 

The hydrated peroxides of manganese, aahalt, and nieJed haA^e but a very feeble 
magnetism; chromium dioxide, CrO", on the contrary, by its A^ery strong magnetic 
power, shows that it is a saline compound of chromic anhydride vvith chromic oxide, 
Cr-ObCrO^. Solution of chrome-alum exhiijils the same degree of magnetism in the 
violet state and in the green state produced by heat ; the alteration in the colour 
cannot tlieroforo be due to separation of colloid cliroinium sesquioxide, as this latter 
would be much less magnetic. In animonio-chroniic chloride the chromium exhibits 
the same magnetic behaviour as in the chromic salts : hence its constitution must be 
that represented by the formula Cr“GR8NH®.2H-0 {Phil, Mag. [5], iv. 161). 

Magnetism of llmcnite (Titaniferous Iron). — This mineral may be magnetised by 
friction with a steel magnet, and is intermediate in its magnetic properties between 
iron and steel. Fine specimens from Norway of sp. gr. 4*8, containing 24*60 per 
cent. TiO'^ 72*10 FeO, 2*06 FeS', 1*24 SiO-, and a trace of manganese, wore found to 
act on the magnetic needle, and appeared to consist of a mixture of differently 
oriented magnets, probably the individual crystals. A piece broken off, H inch long 
and -I inch brond, became permanently magnetised by an hour’s friction Avlth a good 
magnet, and Avhon freely suspended, remained in the magnetic meridian for a month, 
when it suddenly lost all its polarity (T. L. Phipson, Bull. Soc. Chim. [2], vii 322; 
Chem, News, xxxii. 162). 
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On the Magnetic Anomaly of Ferric Oxide pre^pared from Meteoric Tron^ seo Iron 
(p. 1097). 

IWAGN'OCHROMITE and GROCHAUITB. The name magnochromite was 
giyen by yon Bock in 1868 to a chrome-ore rich in magnesia, occurring in the ser- 
pentine of G-rochau, near Erankenstein in Silesia. It is black, without metallic lustre, 
and has a brown streak. Hardness below 6. Sp, = 1 — 4T10. It forms nodules 
imbedded in a mountain-green matrix, which ramifies into the lumps of chromo-ore in 
such a manner as to render mechanical separation of the chromc-oro impossible. 
Perfectly pure portions of the matrix may, however, bo detached from the chromo-oro. 
This matrix gave by analysis : 

SiO" A1=0® FeO MgO H”0 

28-20 24-56 5*27 30'94 12-15 = 101*12 

Websky deduces from this analysis the formula H‘’"Fe®Mg®'*AB®Si''*’0“’ h If the 
isomeric admixture of aluminium-hemisilicate be deducted as unimporkint, the formula 
of the mineral will be — 

It is, therefore, a new species, and Websky proposes to call it grochauite, from 
the locality in which It occurs. The thickor^ scales of the mineral contain small 
druses, in which the grochauite appears in six-sided tables, but its behaviour to 
polarised light shows that it belongs, not to the hexagonal, hut to an optically biaxial 
system. 

Deducting the composition of grochauite from that of the inseparable mixture of 
grochauite and magnochromite, as given by v. Bock’s analysis, the remainder gives 
the composition of magnochromite, and shows it to ho a compound belonging to the 
spinel group— 

^ 8i0= A1=0=’ Cr’-O--* FoO MgO IPO 

Mixture .... 5’71 29-61 33-25 13-61 18-28 2-10 « 102-65 

Grochauite . . . 6-72 5*22 — 1-14 6*87 2*57 - 21-52 

Magnochromite ... — 24-39 33*21 12*47 11*41 — == 81-51 

(Websky, Zeitschr. gcol. Gcs. xxv. 394; Jahrh.f. Min. 1874, 300). 

MAGN'OFBRBITE. Intergrcwths of this mineral with iron-glance, from 
Vesuvius, are described by G. vom Hath {Jahrh.f Min, 1876, 388). 

MtAHOIfflA. The fruit of this plant yields by fermentation a vtn-y :i,sLrjngciil, 
wine containing 6-25 per cent, alcohol (Is. Pierre, Compt, rend. Ixxxi. 1086), 

MAIROGAXiXiOXi, A compound obtained, together witli hmeo- 

gallol, by the action of chlorine on pyrogallol dissolved in glacial acetic a(!id (seo 
Pyrogallol). 

MAXZB. For the saccharification of maize and other cereals, and of lichens, &;c., 
Colami a. Kruger make use of diluto hydrochloric acid instead of malt, the mattn-ial 
being stirred up with water and dilute hydrochloric acid in a cylindrical copper vessel, 
by a current of steam under high pressure and at a temporatun^ above the boiling 
point of water, but not high enough to induce the formation of caramel. The sacelni- 
rification of maize requires a pressure of 3 atmospheres, under which 360 kg. of tlio 
ground grain are converted into sugar by the action of 16 kg. hydrochloric acid and 
600 litres of water in 65 minutes {JJingl. p>ol. J. ccxxiv. 302). 

Mouldy maizc-hread, treated by the Stas-Otto method (i. 125-127), yields a white 
non-crystiilline alkaloid, which is very liable to change, and becomes coloured on 
exposure to the air ; it is insoluble in water, hut dissolves, with alkaline reaction, in 
alcohol and ether. Heated with sodium carbonate, it yields an alkaline distillate. 
Its tartrate is also easily decomposible. With sulphuric acid and oxidising agents it 
yields a sky-blue coloration, which disappears spontaneously after some time, hut 
quickly and with transient violet coloration on addition of excess of water, oxidising 
agents, &c. With the ordinary tests for alkaloids it yields precipitates, some of 
which are crystalline. It resembles strychnine in its physiological action, but is not 
identical therewith (Lombroso, Compt. rend. Ixxxi. 1041; Gazz. chim. ital. 1876, 
638 ; Brugnatelli a. Zenoni, ibid. 240). 

MAXiAOHXTB-GRBBlKr (0. Doehner, Bent. Chem. Qes. Ber. xi. 1236). A 
green dye-stuff, consisting of the double zinc salt of a. base having the composition 
Q23p[2»j^2_ ig produced on the large scale by heating 2 mols. dimethylanilino, mixed 
with half its weight of zinc chloride, with 1 mol. benzoyl trichloride ; a deep green 
mass is thus produced, which may be freed from excess of the original substances by 



MALEIC ACID. 


1255 


steam. The zinc salt thus produced is soluble in water and alcohol. The free^ base 
is a red-brown uncrystallisable oil, whose salts are changed by an excess of mineral 
acid from green to yellow. Its formation is represented by the equation : 

C’H-‘CP + 2C«H"N == + 3HC1. 


This base is reduced by zinc and hydrochloric acid, yielding a colourless base, 
identical with 0. Fischer’s tetramethyldiamidotriphenyl-methaiie, 
obtained by the action of benzaldehyde or benzal chloride on 
dimethylaniline Chem. Gcs. Her. x. 1624; xi. 950): it melts, according to 

Doebner, at 97°~98° , according to Fischer at 92°-93‘^. 

The base produced from benzotrichloride and dimethylaniline is evidently 

related to Fischer s base in the same manner as rosaniliiie to leucaniline, and may 
probably be represented by the constitutional formula : 


.1 


>C«H^]Sr(CH«) 
C«HSC< 


\ 


Cl»H^N(CH») 


2 


Malachite-green is said to possess many advantages over methyl-green, being much 
cheaper and less affected by soap and acids {Chem. Centr, 1878, 587). 

0H2— COOH 

MAXiEXC ACXB, O^H‘^0'* = 1 . The reasons for regarding this 

— 6--COOH 

acid as an unsaturated compound, founded on its behaviour with hydrobromic acid, 
have already been given under Fumaric acid (p. 831). 

Maleic acid is formed by the cautious dry distillation of silver succinate, mixed 
with three times its weight of sand, (C'H‘‘Ag-0'‘ == Ag- + C^IT'O'), and passes over, 
partly as a highly concentrated aqueous solution which collects in the receiver, partly 
in crystals meking at 130®, which collect in the neck of the retort (Bourgoin, Bull. 
Soc. Chim. [2], xx. 70). 

Action of Hydrohromie acid. — Maleic acid or its anhydride dissolves easily in 
hydrobromic acid, and the solution, even before the last particles of acid or anhydride 
have disappeared, deposits slender colourless noodles, the quantity of which increases 
so rapidly that the entire liquid is soon converted into a thick crystalline pulp. The 
product consists of a mixture of fumaric and monobromosuccinic acids in equal num- 
bers of molecules, whatever may have been the proportion of maleic acid and hydro- 
bromic acid employed in the reaction. The bromusuccinic Jicid may bo oxtraotod 
from this mixture by water, which leaves it on evaporation in well-doftned colourless 
crystals, melting at 159®, and identical in every respect with the bromosuccinic acid 
obtained in like manner from fumaric acid (Fittig a. Born, I)eut. Chon. Gres. Ber. 
ix. 1191). 

Bromomalcic Anhydride, by heating dibromosuccinic acid in a 

sealed tube to 120®-150® with acetic anhydride, melts at 125®-126'^, and boils at 
215® (Anschutz, ihid. x. 1881). 

Bihro^nomaleic acid, C‘H“Br*0*, is formed by heating tri bromosuccinic acid with 
wafer to a temperature above 100°: C‘JB[^Br'0‘ = HBr + C^H“Br-Ot It is a very 
stable compound, not being decomposed by distillation or by prolonged boiling with 
moist silver oxide ; its silver salt also is not altered by heating with water to 120°. 
When, however, the acid or its silver salt is heated with water to 150'^ in sealed tubes, 
it is converted into di hy droxymaleic acid, C'’II'Br’'^0'‘ + 2H“0 = 2HBr + C'‘H''0®. 
Heated with bromine it yields carbon dioxide and tetrabrooaethane : 
C'H‘^Br20‘ + Br“ = 200' + G-H“’Br“. 


Maleic Ethers. — AVhen either maleate or fnmarate of silver is left in contact at 
ordinary temperatures with ethyl iodide, a considerable rise of temperature takes 
place, and a diethylic ether, 0 is formed, wdiich boils at 218*5® (mercury- 
column wholly in the vapour), and is converted by saponification with alcoholic potash 
into fumaric acid This result renders it doubtful whether the ether obtained from 
fumaric acid is really a fumarate or a maleate, and moreover throws doubt on the 
conclusions drawn by Hlibner a. >Schroiber (vii. 765) from the vapour-densities of 
ethyl fumarate and maleic anhydride, as to the relative molecular weights of fumaric 
and maleic ethers (Anscliiitz, Bcr. xi. 1644). 

When ethyl chloromaleate (1 mol.) is mixed with a solution of potassium cyanide 
(3 mols.) in twice its weight of water, and sufficient alcohol to form a clear solution, 
the liquid becomes very hot, and potassium chloride separates out, but no cyanised 
compound is formed, the product when boiled W'ith potash yielding succinic acid. 
Hence it appears that a reduction has taken place, a dicyanusuccinic ucilL being first 
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formed, which then gives oif carbon dioxide and retains 2 atoms of hydrogen instead 
of the cyanogen-residue (A. Cluses, Ber. xi. 928). 

Hydroxy maleic acid, C^iI*0''‘’ = C00H— CHOH — G—COOH, is obtained by 
agitating a cold solution of potassium bromomaleate with recently precipitated silver 
oxide: C^HBrK-0‘ + AgOH = AgBr-i-G‘*H=^K-0\ Heparaled from its lead salt by 
hydrogen sulphide, and crystallised from water, it forms long slender noodles, and is 
easily soluble in water, alcohol, and ether. It is bi basic, and forms soluble salts 
with the alkalis and with baryta. The silver salt, O‘IT-Ag-0^, is insoluble in water, 
soluble in acids and in ammonia; it is decomposed by boiling with water, ami 
detonates when heated. The lead salt is insoluble in water, even at the boiling heat, 
also in ammonia and the fixed alkalis, but dissolves readily in nitric acid (Bourgoin, 
Bull. Soc. Chim. [2], xix. 482). 

Bikyclroxymaleic^ acid, = COOH-~C(OH)'^--0--COOH.— This acid, 

related to tartaric acid in the same manner as hydroxymaleic to ?faalic acid, and 
maleic to succinic acid, is formed by heating dibromomaleic acid or its silver salt with 
water to 150°'in a sealed tube for several hours : C‘‘H^Br-0 ‘ + 2II-0 = 2B[Br + C’H'O”. 
When the silver salt is used, and the liquid filtered from the precipitated silver 
bromide is neutralised with ammonia and mixed with silver nitrate, a white precipitate 
ol silver dibydroxymaloate. C*H-Ag-0®, is formed, soluble in ammonia, nitric acid, and 
a large quantity of acetic acid, and decomposing without detonation when heated. 
Tile acid separated from this salt by hydrogen sulphide forms colourless crystals, 
having a strongly acid taste like that of tartaric acid, soluble in water and in alcohol, 
nearly insoluble in ether. The dihydroxymaleates of the alkalis and alkaline earths 
are soluble in water (Bourgoin, Bull. Soc. Chim. [21, xxii. 443). 

GHOH-COOII 

MAI.IC ACIB, C'HW = I . 1. Optically Active Modi- 

GIL— coon 

fications . — The malic acid which Dossaignes obtained ly the action of phospliorus 
iodide and water on tartaric acid (v. 675) is dextrogyrate;, and has a rotatory jiowcr 
= -f 3*157, which is nearly equal, hut opposite, to that of malic acid from rnountaiii- 
ash berries ( — 3'299). H\\(^ acid ammonium salt of dextromalic acid has a rotatory 
power - -e 7‘912 ; that of the corresponding salt of ordinary malic acid, ou the oIIut 
hand, is — 5'939. If, however, the acid calcium salt of the latter acid he neutrali.sed 
with ammonia, and the lime exactly precipitated by oxalic acid, an acid a.inmouinm 
salt is obtained having a l»vo-rotation ~ 7’816. Thcvse facts point to the oxistonco 
of two isomeric acid ammonium raaliitos: 

CH(OH)~-CO”‘(NH‘0 CH(OII)~CO-H 

i I 

GH2— CO‘-H G1T‘^-~C0-(NH‘) 

(G. W. Brewer, Txull. Soc. Chim. [2], xxv. C; Beid. Chem. Gcs. Ber. vlii. 801* 
V. 1594). 

Ordinary malic acid is decomposed by sulphuric acid into GO-, GO, fl'-’O, a.nd 
aldehyde, G-H'O. As cthylidene-lactic acid is resolved by similar treatment into GO, 
H-0, and aldehyde, it is probable that the malic acid is first convert, ed into la, die aeid’ 
G‘H''0'’ = 00--|- OdT’O^ and that the latter is then decomposed in the manner just 
mentioned (Weith, IJeict. Chem, Ges. Ber. x. 1744). 

Lead malate dissolves to a considerable amount in dilute acetic n.cid at oO'^-flO" 
and crystallises therefrom on slow cooling to 30°-4()° in slender needles. Thisreaetlou 
may bo utilised for the separation of malic acid from oxalic, citric, and tartaric acid, 
the lead sfilts of which are insoluble in dilute acetic acid (F. A. Ilartscn Arch 
Fharm. [3], vi. 110). 

2. Inactive Malic This modification, which Pasteur obtained by tlio 

action of nitrous acid on inactive aspartic acid (iii. 789), is also produced : a. together 
with fumaricaeid, by treating ethyl dichloropropionate with a weak alcoholic sohxtion 
of potassium cyanide, and boiling the product with potash (Werigo a. Tantar, lAehiq\s 
clxxiv . 367). By heating fumaric acid with soda-ley to lOO'^ for six 
hours, the reaction being apparently analogous to that which takes place in the con- 
version of acrylic acid into hydracrylic and ethylenelactic acids (p. 43). calcium 
salt is precipitated by boiling from a solution prepared in the cold, in microsco])ic six- 
sided tablets, and when dried over sulphuric acid has the compositiim G‘JC‘G;i,(P 
(Linneman a. Loidl, Beat. Chem. Ges. Ber. ix. 925). The alkali-salts of inaclivo malic 
acid are easily soluble, crystallise with difficulty, and are thrown d(jwn by alcoliol as 
amorphous flocculent precipitates; so likewise are the copper and rwc salts The 
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aqueous solution of the zinc salt becomes turbid when heated, but clear again on cool-* 
ing. The lead, silver, and mercury salts are nearly insoluble in water, and the two 
latter are easily decomposed by water (Werigo a. Tan tar). 

3. Isomalic or Ssoliydroxy succinic Acid, GO-H.CHOH.CH‘hCO“H, is ob- 
tained by adding recently precipitated silver oxide to aqueous bromisosuccinic a(?id (see 
SacciNio Acids) previously freed as completely as possible from adhering hydro- 
bromic acid by heating in a stream of carbon dioxide, then gently heating the liquid, 
and separating the silver bromide by filtration. The solution freed from dissolved 
silver by hy<Irogen sulphide contains isomalic acid still contaminated with a greasy 
substance. For purification the acid is converted into the lead salt, which separates 
on adding a solution of neutral lead acetate to the aqueous or alcoholic solution of 
the acid, as a white, bulky, sparingly soluble precipitate. This salt, C^'H^PbO"’ (dried 
at 120°), is distinguished from ordinary malate of lead by not melting under water. 
On decomposing it with hydrogen sulphide and concentrating the filtrate, isomalic 
acid separates in crystals, apparently monoclinic. It is easily soluble in water, 
alcohol, and etlier, and begins to melt and give off gas at about 100°. All its salts 
hitherto prepared — even the acid calcium salt — are amorphous. 

Isomalic acid does not react with calcium chloride and ammonia in the same 
manner as isosuccinic acid. When heated to 160° it is resolved into carbon dioxide 
and ordinary lactic acid, and has therefore the constitution of isohydroxysuccinic acid 
(Schmoger, J. p\ Chcm. [2], xiv. 77). 

MAIbIC CHIiORAIiXBB, See Chlohalidk (p. 445). 

MAXiOUTAMIBB, C=^H‘*N=0‘- = 6II'^(C0NH-)-, is formed by digesting methyl 
malonate (p. 1259) in aqueous ammonia. On evaporating the solution, dissolving the 
residue in hot dilute alcohol, and leaving the liquid to cool, the malonamide separates 
in needles having a silky lustre. It is insoluble in absolute alcohol and in ether, and 
when boiled for some time in water, with repeated addition of ammonia, is converted 
into ammonium malonamate, GO]SrH”.CH-.COO(NIT‘) (Osterlaiid, Bmt. Clicni. Gcs. Bcr. 
vii. 1286). According to van ’t Hoff {^Arch. neeTln.nd. x, 274) malonamide melts at 170°. 

MABON-IC ACIB, C^H‘<O‘ = CO“n.0H-hCO2H. Formation.— l. From Ethyl 
Ghloracry late, G^H-C10-.C-H-\ This ether is couvorted by prolonged boiling with 
baryta-water into barium acryl-lactate or hydroxyacrylate, which remains dissolved, 
and barium malonato w'hich separates out ; and on decomposing the mixture of barium 
salts thus obtained with the requisite quantity of sulphuric acid and evaporating the 
filtrate to a syrup on the water-bath, malonic acid crystallises out in flat 
Its formation from liydroxyacrylic acid, GliOHxxGH.CO-H, produced in the first, 
instance, may perhaps be represented by the following equations : 

CHOHiz:GH.GO-H + mO - GH(OH)‘-^.GmGO*'^H 
GH(OH)2.CmCO-H = GHO.CH-.GO'H + H^O 

GHO.CH-'.CO^H -f 0 = GO'-^H.GmGO-H. 

The oxygen may be supposed to be derived from the air. Malonic acid is also said 
to be contained, together with a second acid, in the water which passes over on dis- 
tilling crude ethyl chloracrylate in a current of steam. 

2. Malonic acid is formed in small quantity, together with much carbon dioxide 
and oxalic acid, by the oxidation of ethylene -lac tic acid with chromic acid 
(Wislicenus, Liebig's Annalen, clxvii. 346). 

3. From Mncobromic acid, G‘H-Br“0-t The acid which Schmelz a. Beilstein 

obtained by the action of bromine and water on pyromncic acid (iii. 763) was supposed 
by them to be resolved by boiling with excess of baryta-water into carbon dioxide, 
hydrogen bromide, hromacetylene, and an acid, which they designated as 

muconic acid. Jackson a. Hill, however, find that the lead salt of the acid thus 
obtained has the composition C^H“PbO‘‘, and that the acid separated from it is 
identical in every respect with malonic acid prepared from cyanacetic acid. They 
find also that mncobromic acid treated with baryta-water yields bromide and formate 
of barium, as w’ell as malonate, so that the reaction may be represented by the 
equation : 

C‘H'-^Br20=* + 3H-0 = C«H‘0‘ + GH^O^ + 2HBr. 


Treparaiion . — The ethyl cyanaceiate required for. the preparation of malonic acid 
(iii. 799) is best obtained, according to Franchimont {J)eut» Chcm. Ges. Ber, vii. 216), 
from ethyl bromacetate. This latter, obtained by boiling bromacetic acid for an liour 
in the water-bath with absolute alcohol, is washed several times with water, dissolved 
in about ton times its volume of alcohol, and pure pulverised potassium cyanide is 
then added to it in excess. The liquid soon boils, and the odour of the ethyl brom- 
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acetate disappears after a short time. It is then filtered to separate potassium 
bromide, caustic potash is added, the alcohol is distilled off, and the aqueous solution 
boiled as long as it continues to give off ammonia. The malonie acid is best extracted 
from the residue by acidulation and agitation with ether. A small quantity of 
succinic acid is formed at the same time. 

Conrad {Ber. xi. 749) dissolves monocMoracetic acid in a small quantity of alcohol 
and neutralises it with dilute soda-ley, keeping the liquid cool ; then adds an equivalent 
quantity of potassium cyanide dissolved in water, whereupon cyanacetate of alkali- 
metal is formed vnth great rise of temperature ; and heats the liquid for several hours 
to complete the reaction. On subsequent addition of a quantity of soda-ley equal to 
that which was used for the neutralisation of the chloracetic acid, a copious evolution 
of ammonia takes place after some minutes, attended with sudden ebullition. After 
all the ammonia has been driven off by prolonged boiling, the solution may be neutra- 
lised with hydrochloric acid, and the malonic acid precipitated by calcium chloride. 

On the preparation of malonie acid, see also Petrieff {Ber. vii. 400) j van ’t Hoff 
{ibid. 1571) ; Osterland {ibid. 1286) ; H. v. Miller Chem, [2], :#ix. 326). 

Electrolysis . — A solution of 100 grams malonie acid in 200 c.c. water, neutralised 
with potassium carbonate and subjected to the action of a battery of six Bunsen’s 
cells, yields nothing but carbon dioxide and hydrogen, the methylene liberated in the 
first instance (succinic acid similarly treated yields ethylene) being probably oxidised 
by nascent oxygen (v. Miller). 

Malonic Btliers. When ethyl malonate, GO^O^H^CH^.CO-O-H*, is treated with 
1 mol. potassium hydroxide, both dissolved in alcoholic potash, the whole solidifies to 
a crystalline pulp of potassium ethylmalonate, which is decomposed by phos- 
phorus pentachloride, yielding ethyl chloromalonate, according to the equation : 

C02K.0H-.C02G® + PGP « POOP -}- KOI + COOl.CH^.CO^O^IP. 

Ethyl chloromalonate boils between 170° and 180°, and is decomposed by water, like 
an acid chloride, the resulting liquid, when heated with potash, yielding ethyl alcohol 
(J. van ’t Hoff, Beui. Ckem. Ges. Ber. vii. 1571). 

Ethyl malonate, like ethyl acetate, is capable of taking up 1 or 2 atoms of sodium. 
The reaction begins, with evolution of hydrogen, at ordinary temperatures, but is much 
retarded by the crust of sodium-compound which forms on the surface of the metal. 
This, however, may be prevented by adding absolute alcohol (2 vol. to 1 vol. of the 
ethyl malonate) w'hich holds the sodium in solution. As the liquid cools, the sodium- 
compound of the malonic ether separates as a crystalline mass. If required to be 
free from alcohol, it must be heated to 150° on an oil-bath in a flask through which a 
brisk current of dry hydrogen is passed ; if, however, it is wanted merely for synthetical 
purposes the presence of alcohol is for the most part not injurious, and the sodium 
compound may be subjected to the action of an organic halogen-compound as soon as 
the sodium is dissolved. The action is usually very energetic, but prolonged heating 
on the water-bath is necessary for its completion, which may be recognised by the 
fact that a drop of the mixture no longer blues moistened red litmus paper. Water 
is then added to dissolve the haloid sodium -compound, and the oil which then sepa- 
rates is submitted to fractional distillation. The yield of the organic substituted 
malonic ether thus obtained is very nearly equal to that required by the following 
equation, in which X denotes an organic residue, and J the substituted halogen : 

CHNa(C02G'-'H")2 -i- JX = NaJ -f CHX(GO2G2H0'. 

Prom this primary substitution-product, a secondary substitution-product may be 
obtained as in the case of the aceto-acetic ethers (p. 13), by replacing the remaining 
hydrogen-atom in the group CHX by sodium, and treating the product with another 
organic halogen, J Y : 

GNaX(C 02 C 2 H ^)2 + JY = NaJ -i- CyX(C02C2H5)2. 

Ethylic Ethylmalonate, CH(C2H®)(C02C-H5)2 thus prepared (with 15 grams of 
absolute alcohol, 2*3 sodium, and 16 C-H^J) distilled over between 208° and 210°. 
On saponifying this ether with potash, acidulating, and agitating with ether, ethyl - 
malonie acid, C^H®0^ separates in the form of a crystalline mass (Conrad, Beat, Gkem. 
Ges. Ber, xi. 750). 

^ Ethtlmalonic acid, C5H80^ = CH(C2H®)(CO“H)2, metameric with pyrotartaric 
acid, and likewise called a4sopyrotartaric acid, was first obtained by Vi^isUcenus in 
1869 {Liebigs Annalen, cxlix. 220), who prepared it by treating ethyl bromobutyrate 
with potassium cyanide, and decomposing the resulting nitril with potash : 

C^mCHBr.CO^H + XCN = KSr 4- C2H5.0H(CN).CO2H 
and C-H*.CH(CX).CO"-H -f 2R^O = NH^ -i- CH(02H^)(002H)2. 
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The acid thus obtained was a syrupy liquid. Subsequent experiments by Wislicenus 
a. Urech {ihid, clxv. 93) showed, however, that this syrup was a mixture of ethylmalonic 
acid with a small quantity of oxybutyria acid, and that the former may be separated in 
the crystalline state by leaving the syrupy acid at rest for some time, or better by con- 
verting it into a copper salt, purifying this salt by repeated crystallisation, and 
decomposing it wdth %drogen sidphide. 

Ethylmalonic acid is also produced from ethyl cyanobutyrate by the action of 
hydrochloric acid, or Letter of potash, since it is decomposed by hydrochloric acid in 
the subsequent evaporation. Its aqueous solution likewise decomposes when evapo- 
rated at too high a temperature, giving off carbon dioxide and butyric acid vapour. 
By slow crystallisation it is obtained in rhombic prisms, sometimes a centimeter long. 
From warm solutions, or by rapid crystallisation, it separates in feathery groups re- 
sembling sal-ammoniac. It dissolves easily in water, alcohol, and ether, melts at 
111*5°, and decomposes without sublimation at 160° (or more quickly at 170°) into 
carbon dioxide and butyric acid. 

Fotassium et'Hylmalonate separates on mixing the alcoholic solutions of the acid and 
potassium hydroxide in small crystals, easily soluble in water, insoluble in alcohol. 
The sodmm salt separates from concentrated solutions in granular masses, effloresces 
in contact with the.air, and dissolves easily in water, more freely howe,ver in cold than 
in hot water (Markownikoff, Liebig’s Anoiale% clxxxii. 324). The barium salt is 
anhydrous, and crystallises in small needles. The calcium salt, C®H®0'*0a + H-0, 
crystallises in prisms, and is more soluble in cold than in hot water (Tupoleff, Lent. 
Chem. Ges, Ber. vi. 1440). 

The sine salt, C2H®0‘‘Zn + 2^-H-O, is especially characteristic; it dissolves hut 
sparingly in water, whether hot or cold, and separates on evaporation as a crystalline 
powder made up of hexagonal or quadratic (rhombic ?) plates. At the moment of its 
formation it dissolves more readily, and then separates on cooling (also hy slow 
evaporation of cold solutions) as a crystalline crust (Markownikoff, loc. oit. According 
to Wislicenus a. Urech {ibid. clxv. 93) this salt, prepared by saturation or by precipi- 
tation, contains 3 mols. H-O, and gives off only 2‘J- mols. at 150°. The cogger sa,lt, 
CUi'’‘0‘‘Cu + 3H^O, forms blue-green tablets, which give ofi only 2^ mols. H“0 at 
The lead salt, C^H^O^Pb, is formed on precipitating a solution of'the ammonium salt 
with lead acetate (W. and U.) The ethylic ether, C'’H®0‘(C'II®)-, already mentioned 
(p. 1258) may also bo prepared by decomposing the silver salt with ethyl iodide, and 
forms a colourless liquid having a faint aromatic odour and boiling, after repeated 
rectification, at 199°-201° (uncorr.) At a higher temperature (250°-300°) it is 
partially decomposed with formation of ethyl butyrate (Markownikoff). 

Dimbthtl-malonic acid, = C0-H.C(CH^)-.C02H. ^-Isogyrotartaric 

acid (Markownikoff, Beut. Chem. Ges. Bcr. vi. 1440 ; Liebig’s Annalen, clxxxii. 324). 
This acid is formed by heating bromisobiityric acid with potassium cyanide, and de- 
composing the resulting nitril with potash : 

BrC(CH3)2.002H + KCN - KBr + (CN)0(CH8)2.C02H 
and (0N)C(CH3)-.C02H + 2H20 =:= + CO-H.O(CH3)2 CO^H. 

It crystallises in transparent four-sided prisms, sparingly soluble in alcohol, moderately 
soluble in water, though less so than its isomerides, pyrotartaric and a-isopyrotartaric 
or ethyl-malonic acid. At about 120° it sublimes in white needles resembling sal- 
ammoniac, and at about 170° it begins to melt, and split up into isobutyric acid and 
carbon dioxide. It is not attacked by boiling dilute nitric acid, and scarcely at all by 
boiling chromic acid mixture. The mother-liquors obtained in its preparation appear 
to contain oxyisobutyric acid. 

Sodium dimethylmalonate forms small efflorescent needles, slightly soluble in water. 
The barium salt is less easily soluble, and crystallises in stellate groups of thin 
needles. The calcmm salt, like that of the a-acid, is moderately soluble in cold water, 
and is deposited from the solution on warming. It crystallises iii nodules. The 
magnesium salt is crystalline, and easily soluble in water. The zinc salt, 
0^H®0‘‘2n.3H20, obtained by saturating the acid with zinc carbonate, dissolves in 106 
parts of water. It resembles the zinc salt of the ct-acid, and decomposes "in the same 
manner. The lead salt, produced on adding lead acetate to a hot solution of the 
sodium salt, forms white scales, insoluble in hot and cold water. The silver salt 
crystallises in small needles, insoluble in water and not affected by boiling. 

Methyl malonate, 0'E‘'^(GH®)-0'‘, obtained by the action of methyl iodide on 
silver malonate, is a mobile liquid having an ethereal odour, a specific gravity of 1*136 
at 22°, boiling at 175°~-180°, and remaining fluid at —14°. Its vapouiv density (H=« 1) 
is 66*79 (calc. 66). It is insoluble in water, by which, however, it is gradually de- 
composed; soluble in alcohol and ether. Ammonia converts it into malon amide 
(Osterland, Bmt. Chem, Ges. Ber. vii. 1286). 
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Bromomalonic acids. The monohrominated acid, CHBr(COOH)', obtained 
by the action of sodium -amalgam on an aqueous solution of the dibrominated acid, 
crystallises in large square plates, ■which dissolve easily in alcohol, forming acid 
ethyl bromomalonate, CO-H.OHBr.CO-G^H®, which may also be formed directly by 
the action of sodium-amalgam on an alcoholic solution of dibromomalonic acid 
(W. Petrieff, Dent, Chem. Ges. Ber. xi. 414). 

’Dihfomohnalonic acid, CBr-(CO“'H)-, is formed in small cjuantity by the action 
of bromine, aided by heat, on an aqueous solution of malonic acid. 1'he action is 
attended with evolution of hydrobromic acid, together with a large quantity of a 
colourless gas, and the principal product is a heavy neutral oil (Petrieff, Be,i\ vii. 400). 
According to van ’t Hoff {ibid. viii. 3oo), the colourless gas is carbon dioxide, and the 
oily liquid consists of bromoforra, which, however, is not a constant product of the 
reaction. A concentrated solution of malonic acid is attacked by bromine, even at 
ordinary temperatures, with considerable evolution of heat. At the end of the 
reaction, tribromacetie acid separates as a white crystalline mass, ^nd the mother- 
liquor contains dibromacetic acid together with a very small quantity of dibromo- 
malonic acid. 

Hydroxymalonic or Tartronic acid, C®H^O^ = CH(OH)(CO“H)-. This acid 
was discovered by Dessaignes, who obtained it by the spontaneous decomposition of 
nitrotartaric acid, and by the action of sodium on mesoxalic acid (v. 698). Hemole 
(Beut, Chem. Ges. Ber. x. 1788) prepares it by gradually adding 20 grams of nitro- 
tartaric acid to 60 c.c. alcohol of sp. gr. 0*925 in a porcelain basin on the water-bath, 
and leaving the liquid to cool after the evolution of gas has ceased. The crystals 
which separate are pressed between filter-paper and dissolved in water, the solution 
evaporated to dryness, and the residue treated with ether to separate oxalic acid. The 
acid thus obtained melts at 150°-151°; Grimaux x. 903), who prepared it by 
treating dibromopyruvic acid with baryta-water, found that it melted at 145°-147°. 

Tartronic acid is also produced by the action of silver oxide on monobromomalonic 
acid, and by heating the product of the action of potassium cyanide on dibromacetic 
acid "with potassium hydroxide (Petrieff, Ber. x. 414). 

Hilly droxymalonie acid, C®H‘0®=C(OH)®(CO-H)2. Hh-^hariim salt of this 
acid, C(OH)-(CO")'Ba, is formed by boiling the solution of the dibromomalonate, and 
keeping it neutral by repeated addition of baryta- water. It then separates as a white 
crystalline salt, and crystallises from solution in a small quantity of hob water, in 
short white needles easily soluble in acids. The calcium salt is a white amorphous 
precipitate. The silver salt is a flocculeut precipitate wliich dissolves in nitric acid 
and in ammonia, and decomposes with explosion when heated. The acid prepared 
from the barium salt by evaporation with hydrochloric acid and extraction with ocher, 
crystallises, though at first with some difficulty, from its aqueous solution acidulated 
with hydrochloric acid. By recrystallisation from ether it is obtained in radiate 
groups of needles which melt at 96°, and dissolve readily in water, alcohol, and 
ether. 

Mesoxalic acid, which is produced by oxidation of araidomalonic acid (iv. 115), 
has hitherto been regarded as C^H-0^, its salts in the anhydrous state being ropresonted 
by the formula C^M-O'b According to Deichsel’s analyses, however (vi. 825), all 
these salts, except the ammonium salt, contain at least, 1 mol. H‘0, and might there- 
fore be equally well represented by the formula CTI-M-0'’, according to which the 
acid would be that is to say dihydroxymalonic acid. Tlie ammonium 

salt, however, appeared to contain 1 mol. H‘0 less than the other mes('xalates, a fact 
which if establishetl would be inconsistent with this view of the composition of tlie 
acid; but Petrieff, by saturating an aqueous solution of mesoxalic acid with ammonium 
carbonate, and evaporating the solution in a vacuum, has obtained ammonium 
mesoxalate in colourless needles analogous in composition to the other mesoxalatcs, 
that is to say, represented by the formula C®(NH'*)-0®.H-0 or ObH^(NH‘‘)*0®. 
Heichsel’s salt, which formed granular crystals turning red in the air, was probably 
the corresponding monamide, CWH®0® = 0^H-(NH‘*)-0®— H^O ; and this view is in 
accordance with the manner in which it was prepared, namely, by the action of am- 
monia on an alcoholic solution of mesoxalic acid, as such a solution would probably 
contain ethyl mesoxalate, which with ammonia would yield the amide. The propert y 
which Peichsel’s compound exhibits, both in the solid state and in solution, of turning 
red in the* air, affords another argument in favour of this view of its constitution, the 
same property being exhibited by the diamide which Petrieff obtained by the action 
of ammonia on ethyl mesoxalate. 

That mesoxalic acid really contains two hydroxyl-groups attached to the same 
carbon-atom is shown by the formation of diethylic diacetomesoxalate, 
C(OC“H®0)"(COOC'H®)®. This ether, prepared by heating 2 mols. acetyl chloride 
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with 1 mol. ethy lines oxalate for an hour in the ‘water-bath, crystallises in long white 
needle-shaped crystals, melting, with partial decomposition, at 145°, partly decomposed 
by solution in water, completely by agitation with a weak alcoholic alkaline ley. 
The diacetomesoxalic acid thereby produced crystallises in needles, melts at 
— 130°, and decomposes at a higher temperature. Its alkali-salts are cry stalli sable and 
easily soluble in water ; the silver and lead-salts are insoluble pulverulent precipitates. 
Piually, mesoxalic acid agrees in all its properties with the diliydroxymalonic acid 
w'hich Petrieff obtained by the action of baryta-water on barium dibromomalonate 
(Petrieff, he. cit.) * 

IMCiLXiT. On the preparation of Malt extract, see Jassey {K Jahrh. Vharm. 
xxxix. 150; Jahresb.f. Ckem. 1873, 1076). 

On the Malt-test and Mash-process, see Lintner {BingL pol. J. ccxviii. 182 ; 
Jaliresh. /. Ohem. 1875, 1131); also W. Scbultze {^Dingl. pn?. Ji ccxxxi. 53; Chem. 
Soo. X xxxiv. 569). 

MAXiTOSXS. See Sugabs. 

MIAXilTXiUl&AMXBlB and MAIiVXiURBZBZC ACIB, See Ubimidosuccin- 
AMiDE and Ueimldosuccinic Acid, under Succinic Acid. 

iyiA37BBX.XC ACIB, C8H»Os=CsmCH(OH).CO‘-'H. This acid is formed by 
reduction of phenylglyoxylic acid, C^H'hCO.CO^H, with sodium amalgam (Schwebel, 
JDeut. Chem. Ges. Her. x. 2045). On its preparation from benzoic aldehyde, acid 
sodium sulphite, and potassium cyanide, see 0. Miiller (vii. 767). It melts at 115° 
(Muller, Arch. Pharm. [3], ii. 385). 

On Mandelic Chloralide, see Chloralide (p. 445). 

MAN’GAnrxsSB. Ores. The lithia psilomelane of Salm-Chateau in Belgium 
has been analysed by H. Laspeyres {J. pr. Chem, [2], xiii. 1) with the following 
results : 

1. Mean of two analyses. 2. Eeduced to 100, the excess being distributed nearly 
in proportion to the values of the several constituents : 

SiO“ CnO CoO CaO MgO A1*0* E'e=0=‘ MnO 

0T32 0*080 0-119 0-262 0-078 2*525 0-173 75*741 

0*129 0-078 0-116 0*255 0*026 2*458 0*168 73*728 

K“0 Na=0 Li“0 0 H*0 Sp. gr. 

3*379 0-835 0*481 14-658 3*764 = 102*227 4*328 at 18*2° 

3-289 0*813 0-468 14-658 3*764 = 100 4*277 at 16-8° 

From this analysis, Laspeyres infers that psilomelane is a manganate of the 
buses 3K"0, 3E'-’0 and in which E" = Mn, Cu, Co, Ca, Sr, Mg ; E' = H, K, 

Na, Li ; E'"* = A4 and Fe, the corresponding manganic acid being H'^MnO^ or 2H“O.MnO®. 
The older analyses of psilomelane (iii. 813) exhibit considerable divergence from this 
formula, but the differences range themselves about equally on both sides of it, so that 
it may bo regarded as representing the average composition of the mineral. 

Laspeyres {ibid. 176) has further extended this mode of representation to all 
varieties of manganese peroxide, natural and artificial, and classifies them as in the 
following table, the manganese of the base (bivalent) being denoted by mn, and that 
of the acid (sexvalent) by Mn : 

Pyrolusite and Polianite, mnMnO‘‘ type H®MnO‘‘ 

Psilomelane, H'-^mnMnO-'’’ H^MnO® 

Groroi’lite, H‘mnMnO® ) 

Varvicite, H^mh'^MnO® i- H'^MnO® 

Braunite (Marcelin), mn^MnO®) 

Cupreous Manganese, H'^EhnnMnO’', where E" = mn, Cu, &c. ,, H“MnO" 

Manganite, H^mn^MnO“ ) 

Wad, H^mn^MnOs i- . H'^MnO^ 

Hausmannite, mn^MnO® j 
Earthy Cobalt, H“E"mnMnO®) 

E"=Co, Cu, &c. \ 

Crednerite, Cu^mn^MnO® j 

Pyrochroite, H“'mnO* . a^(H^O) 

Laspeyres {ibid. 215) ha,s also discussed the constitution of aluminiferous manganese 
ores, basing his calculations on an exact analysis of psilomelane with haematitic struc 

’tf Tbe discussion respecting the composition of mesoxalic acid is exactly analogous to that which 
]ms taken place respecting glyoxylic acid, or C^TT^O* (p. 891), 




MANGANESE. 


1262 


tee from Kaltebsen near Eisenfeld. This mineral occurs on lepidocrocite, limonite, 
or quartz, especially on the former, with which it is very intimately interstratified : 

SiO» CuO CoO CaO BaO MgO Fe^-O^ MnO 

0-365 1*150 0-096 0*198 0-197 6-322 3*769 67*870 

K“0 lTa=0 Li“0 O H=0 Sp.gr. 

0-384: 0*389 0-210 13*662 6*420 =: 101*499 4*361 at 14®. 

Also traces of strontium, but no nickel or vanadium. 

The ferric oxide may be deducted as lepidocrocite, also the silica. The alumina, 
on the other hand, must be regarded as an essential constituent of the mineral, inas- 
much as the quantity of silica present is not sufficient to justify the supposition of its 
existence in the form of admixed silicate, and, on the other hand, its solubility in 
dilute hydrochloric acid is inconsistent with its presence as corundum, diaspora, &e. 
Admitting that there is an excess in the estimation of the bases^ (from admixed 
silicate) and of the water (partly hygroscopic, as the mineral left in the exsiccator 
for sixteen days lost 0*358 per cent.), the analyses lead to the^ supposition that the 
mineral is a manganate derived from the acid and interpiediate between 

those of the type (psilomelane) and those of the type H^MnO® (braunite, &(5.) 

Laspeyres proposes to designate it as CalvonigHte. 

Among former analyses of aluminiferous manganese ores, only that by Winkler 
(vii. 756) of a lithio^ohorite from Sehneeberg appears to belong to a definite manganate 
of the type H^^MnO^b 

A cupreous ‘manganese from Chile, occurring intergrown with chrysoeolla, and 
possibly identical with Richter’s peloconite (iii. 814), has been analysed by Frenzel 
{Jahrb.f. Mm. 1873, 801). Sp. gr. 2-95 at 20°. a. Analysis, h. Composition after 
deduction of the residue. 



0 

CuO 

CoO 

MnO 

Fe“0’ 

BaO 

CaO 

M:gO 

H"0 

Eesidue 

a. 

5*16 

18*68 

4*70 

26*31 

8*10 

0*55 

0*75 

2*33 

19*40 

15*60 = 

b. 

6*10 

22*07 

5*55 

31*08 

9*57 

0*65 

0*89 

2*74 

22*92 

— - 


A considerable number of manganese ores from the Arschitzaberg in the Bukowina, 
which have lately acquired great industrial importance, have been analysed by 
Morawski a. Stingl {J.pr. Chem. [2], xv. 228): 

1. Soft, friable, fissured, strongly staining bluish-black masses. 2. Botryoi'dal, 
compact scaly masses having a strong lustre. 3. Stalactitic crust on a massive ore. 
4. Micro-botryoi’dal, with irregularly conchoi’dal, highly lustrous fracture. 5. Prin- 
cipal mass of the commercial ore, compact, massive, bluish-black. 6. Porous mass, 
made up of quartz-veins and a yellow earthy substance consisting of iron phosphate 
and manganese dioxide. 7. Shaly masses, the layers of which alternate with the variety 
described under No. 4. 8. Transformation-product of No. 9. 9. Crystalline rose-red 
siliceous manganese often coated with an amorphous black-brown product of transfor- 
mation (No. 8). 10-12. Silicates from Nos. 4, 5, and 7, obtained by decomposing 
considerable quantities of these ores with hydrochloric acid : 



1 

2 

3 

4 

6 

6 

7 

8 

0. . . . 

MnO . 

Fe“0« . 

CaO . . . 

MgO . 

Na'^0 . 

H^O. . 

PO^ . 

SiO- (soluble) 
Silicate . 

15*75 
75 07 
4*97 
1*05 
trace 
0*58 
2*87 
0*96 
0*55 

15*04 

71*81 

6*31 

0*77 

trace 

1*37 

2*93 

0*91 

0*56 

1*26 

14-75 

73-98 

2-36 

1-26 

0-13 

1*79 

4-22 

0-95 

0-45 

0-29 

13*88 

68*74 

2*67 

0*47 

0*13 

1-23 

3*00 

0-34 

0-68 

8-88 

13-39 

66-41 

10-23 

0 74 
0-16 
1-32 
4-69 
0*87 
0*41 
1*63 

7*66 
36*71 
11-45 
0-72 
trace 
0-59 
4-34 
0*29 
0*74 1 
38-441 

1-50 

7-15 

6-22 

0- 73 
0*23 

1- 63 

2- 16 
0-38 

79*99} 

88-87 0 
5-30 
5-25 
0-61 
0-30 
0-21 ("-) 
7*15 

29-42 

13-56 

Total . 

101*80 

100*96 

100*18 

100-02 

99-85 

100-94 

99*89 

100-67 

GO 

85*65 

5*17 

81*80 

5*05 

80-20 

8*53 

75*52 

7*10 

72-81 

6-99 

41-66 

2-71 

8-18 

0-47 

38-87 

5-30 

H^O at 100°-410° 

1*62 

1*00 

2-22 

0-68 

3-43 

2-01 

0*65 

undet. 

Sp gr . 

4*435 

4*471 

3-882 

1 

3-979 

4*027 

undet. 

2-661 

undet. 


(^) MnO“. 


O AlkaHs. 
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SiO“ 

MnO 

FeO 

CaO 

MgO 


P*0“ 

Sp. gr. 

9. 48-11 

43-17 

4-31 

3*00 

1-73 

0-13(1) 

trace = 100-45 

3-624 

10. 85-40 

5-82 

6-67 

1-87 

0-75 

0-30 

— = 100-51 

— 

11. 85-93 

7*80 

3-16 

1-83 

0-29 

0-81 

— = 99-82 

— 

12. 99-15 

0-11 

1*02 

trace 

trace 

— 

— = 100-28 

— 


C) Alkalis. 


In the following calculation of the numbers 1 to 5, the silicate, soluble silicic 
acid, and phosphoric acid are deducted, whilst the dioxide and monoxide of manganese, 
together with the ferric oxide, lime, magnesia, alkalis, and water are regarded as 
essential constituents of the ores. Calculating in this way and reducing all the 
metal-atoms to bivalence, the following proportions are obtained : 


or: 




(1) 

(2) 

(3) 

G) 

(5) 


R" 


1 

1 

1 

1 

1 


0. 

• 

, 1-79 

1-71 

1-68 

1-71 

1-60 

Mean 

R" 


3 

3 

3 

3 

3 

3 

0 . 


. 5-37 

5*15 

5-05 

5-15 

4-80 

5-10 


The first series of numbers shows that these ores must be regarded as psilomelanes, 
a conclusion which agrees with their other constituents and with their properties ,* and 
the second series shows that they may be included in the formula H'^MnO® laid down by 
Laspeyres (p. 1261), if this formula be generalised in the form B®0®, by writing R" = H-. 
The silicates mixed with the samples 4 and 5 consist, as shown by analyses 10 and 11 
compared with 9, of altered rhodonite (v. 106), which, as manganous carbonate is not 
found in the neighbourhood of these ores, may be regarded as the original mineral 
from which the psilomelanes have been formed. The residue No. 12 from No. 7, 
consists essentially of quartz. 

Beactions, 1 . Precijpitation as Dioxide . — From a soluti on of manganous chloride 
mixed with a certain amount of ferric chloride, the whole of the manganese may be 
precipitated as dioxide by a sufiScient excess of solution of calcmm hyiyochlorite or 
bromine^water, the solution being heated to 140®-160® F. (60°-71° 0.), an excess of 
calcium carbonate added, and the mixture well stirred. Without the ferric salt, the 
precipitation of the manganese as dioxide is incomplete. Zinc chloride may be 
substituted for ferric chloride, but neither aluminium chloride nor barium chloride 
has the same effect (J. Pattinson, Cheon. Soc. J. xxxv. 365). 

Manganese may also be precipitated as dioxide from acetic acid solution by hydro- 
gen dioxide. In applying this method to analytical purposes, the solution should be 
warm and carefully neutralised, if necessary, with ammonia. Iron if present must be 
previously removed by precipitation with sodium acetate (Rosenthal, Dingl. poL J. 
ecxxv. 154). 

2. Manganous oxide, either precipitated or crystalline, and precipitated manganese 
dioxide, are converted by yellow anvmonmm sulphide into sulphides (Priwoznik, Deut. 
Cheon. Ges. Ber. 1873, 1291). 

3. By fusing any manganese compound (free from iron) with silica and baryta or a 
mixture of soda and lime, a blue compound is obtained, the intensity of the colour of 
which depends on the quantity of manganese used, but it may be changed to green or 
violet by adding different quantities of alkali or silica. The blue compound, which 
appears to be a silico-manganate of the alkaline earths, is destroyed by reducing 
agents, by acids, and after some time by water, but resists a temperature of 1100°. 
This reaction is proposed as a means of detecting traces of manganese in minerals 
(Gr. Bong, Bull. hoc. Chim. [2], xxix. 199), 

4. Detection in Blant-ashes . — According to G-. Campani (Gas^. chim, iial. 1876), 
464) manganese occurs in plant-ashes chiefly in the form of p ho sphat e. On treat- 
ing the ashes with water and then with nitric acid free from phosphoric acid, there 
remains after evaporation of the latter solution, a residue which is amethyst or violet 
coloured according to the quantity of this metal present. This reaction will serve to 
detect 1 pt. of manganese in 1000 pts. of ash. 

Estimation. 1. By Electrolysis . — The manganese solution is placed in a platinum 
crucible, which serves as positive electrode, the negative being formed of a spiral of 
platinum wire. The manganese is deposited on the crucible in the form of dioxide. 
The accuracy of the result is not impaired by the presence of copper, cobalt, nickel, 
zinc, magnesium, aluminium, or of alkalis or alkaline earths, but iron-salts must be 
previously removed. By this method 0*0005 grm. of Mn^O‘can be easily estimated 
and 0*000025 grm. detected by the rose coloration which it exhibits (A. Riche, Compt. 
rend. Ixxxv. 226 ; Chem. Soc. J, xxxiv. 750). 
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2. 'Ey precipitation as (hcalate. — The solution is mixed with a strong solution of 
potassium oxalate (1 : 6), and then with strong alcohol or acetic acid, whereupon the 
whole of the manganese is precipitated as manganous oxalate, mixed, however, with 
potassium oxalate, which must be removed by washing. The best mode of proceeding 
is to add to the concentrated solution of the manganese salt, first potassium oxalate 
and then strong acetic acid, as long as a precipitate continues to form.^ Tiie presence 
of hydrochloric acid, ammonium chloride, or potassium chloride, in considerable 
quantity, renders the results inexact (Classen, Zeitsohr, anal. Chem. 1877, 815, 470). 

If the solution, after addition of the potassium oxalate, be rondered ammoniacal 
and then mixed with ammonium sulphide, the precipitated manganous oxalate will bo 
converted into anhydrous manganous sulphide. The presence of ammonium chloride 
does not interfere with the reaction (Classen, ibid. 819). 

8. The following volumetric method, founded on the precipitation of manganese as 
dioxide in presence of ferric chloride (p. 1263), is recommended by J. Pattinson (Chem, 
Sgc. J. SXS.Y. Z6S). The reagents employed are: (1). The clear liquid obtained by 
decantation from a 1'5 per cent, solution of bleaching pow^der; (2) light granular 
calcium carbonate obtained by precipitating an excess of calcium chlorSIe with sodium 
carbonate at 180° P. ; (3) a 1 per cent, solution of ferrous sulphate in dilute (1 in 4) 
sulphuric acid ; (4) a standard solution of potassium dichromate equivalent to 1 part 
of iron in 100 of solution. The application of the process to manganiferous iron ores 
is as follows : 10 grains of the ore, dried at 212° P,, are dissolved in a 20-02. beaker 
in about 100 fluid grains of hydrochloric acid (sp. gr. 1 T8). Calcium carbonate is then 
added until the free acid is neutralised and the liquid turns slightly reddish, 6 or 7 
drops of hydrochloric acid are now added, and 1000 grains of the bleaclung-powder solu- 
tion, or 500 grains of saturated bromine-water, and boiling water is run in until the 
temperature is raised to 140° to 160° P. ; 25 grains of calcium carbonate are added, 
and the whole is well stirred. If the supernatant solution has a pink colour, the p('r- 
manganate is reduced by a few drops of alcohol. The precipitated oxides of iron and 
manganese are filtered off and washed; 1000 grains of the acidified ferrous sulphate 
solution are carefully measured into the 20- oz, beaker already used ; and the filter with 
its washed contents is added. A certain quantity of the ferrous sulphate is oxidised 
by the MnO^; this quantity is estimated with the standard dichromate solution, and 
the quantity of MnO- can then easily be calculated. The iron present must be at least 
equal in weight to the manganese during the precipitation, in order to ensure the 
absence of lower oxides. The method is applicable to the analysis of spiegeleisen, 
ferro-manganese steel, and manganese slags. 

For other volumetric methods, see Morrell (Amer. Chem, vi. 45) ; Mortiwski a. 
Stingl (/. y)7*. Chem. [2], xviii. 96; Cimn. Soc. J. xxxvi. 277); Kessler {Zeitsohr. 
anal. Chem. 1879, 1 ; CJieni. Soo. J. xxxvi. 342); and for the estimation of manganese 
in Iron and Steel, see pp. 1103 and 1104 of this volume. 

Alloys. Terreil {Bull. Soc. Chhn. [2], xxi. 289) has obtained alloys of manganese 
by the action of certain metals on anhydrous manganous chloride (prepared by igniting 
the well-dried hydrated chloride in a stream of hydrochloric acid gas). The aluminium 
alloy Mn^Al scratches glass, and has a fracture like that of amalgamated zinc. The 
magnesium alloy is less hard. The action of zinc on manganous chloride is attended 
with explosion. 

Manganese-bronze.-^ ku alloy thus named, and said to he a compound or mixture 
of ordinary bronze with manganese, is manufactured by the White Brass Company 
in Southwark. Its fracture resembles that of fine-gi^ainod steel; it is capable of 
acquiring considerable hardness, and in colour and lustre it resembles good gun-metal. 
At a red heat, it can be forged, rolled, and drawn into wire and tubes. Experiments 
on the tenacity of several bars of this metal gave for the cast material an absolute 
tenacity and extensibility equal to. that of bar-iron of medium quality, %vhile its limit 
of elasticity was higher. Forged samples excelled the best bar-iron in tenacity and 
extensibility, and were in these respects equal to soft steel {Dingl. pol. J. ccxxi. 334). 

Alloys of Manganese and Iron. — Numerous analyses of spiegeleisen (with less than 
26 per cent. Mn) and ferromanganese (with more than 26 per cent. Mn) are given 
under Ieox (pp. 1109-1111). 

Eosenthal (Diwp?. poZ. J. ccxxiv. 654) has analysed two specimens of English 
manganiferous iron prepared by a new process, with the following results : 

Fe Mn Si G S P 

I 58*54 30T4 9775 1739 — O'Ool 

II. 60-10 28 89 8-812 2-131 0*009 0*048 

On fusing the first of these alloys in the cupola-furnace, nearly all the silicon and half 
the manganese were eliminated, and the proportion of carbon was increased by 5 per 
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cent. The mass, which was at first white and brittle, then exhibited the ordinary 
properties of spiegeleisen. 

According to P. Ward {ibid, ccxxvi. 53), the blast-furnace of Eechitza, in Austria, 
produces from 1400 hg. of manganese ore only 50 kg. ferromanganese containing 35 
per cent, manganese, so that of the manganese introduced into the furnace-charge 
only 4*5 per cent, is obtained in the metallic state. According to Blake {ibid. 54), 
the combination of the manganese with the iron is facilitated by a large addition of 
limestone (43 per cent, limestone to 57 per cent, manganese ore), whereby a slag is 
produced containing 25 per cent, manganous oxide and 33*5 per cent. lime. Ward, 
on the other hand, obtained in a charcoal blast-furnace 10*5 meters high, and having 
a tuyere 76 mm. wide, a ferromanganese containing 67*2 per cent, manganese, so that 
58*1 per cent, of the manganese employed was obtained in the metallic state. The 
fuel used was a mixture of 1 pt. coke and 3 pts. charcoal, and the pressure of the 
blast was 0*28 on 1 c.c. 

With regard to the use of manganese in iron metallurgy, G-autier is of opinion that 
the manganese acts as a reducing agent, removing iron oxide from the metallic iron, 
and preventing^t from becoming ‘hot short.’ Henderson’s process (vii. 699) yields a 
manganese-iron containing 25 to 75 per cent, of manganese. The amount of man- 
ganese required for reduction is usually 1 per cent., if added as manganese -iron. 
The resulting iron is extremely soft ; its coefficient of elasticity is 22 to 25 kilos. ; its 
resistance to strain, 45 kilos. ; and its expansion, for 200 mm., 20 to 25 kilos. 
It does not become hard by tempering. The product of the resistance to strain 
multiplied by end-expansion is nearly 7 times that of ordinary iron, and more than 
twice that of hard steel. This iron is used in plating ships. Addition of 1| per cent, 
of manganese to inferior iron counteracts the influence of phosphorus. Addition of 
1 per cent, of manganese to cast steel gives it great resisting power QCkem. Centralbl. 
1877, 204). 

See also Troost a. Hantefeuille (p. 1111). 

Boride. A compound of manganese and boron in equivalent proportions (Mn^B®) 
is obtained by heating boric oxide with manganese carbide, Mn=^0. It forms small 
grey-violet crystals, which dissolve in acids, with evolution of hydrogen, and are but 
slowly attacked by gaseous hydrogen chloride at a low red heat. It decomposes water 
at 100°, alkaline liquids at a lower temperature. Moist mercuric chloride decomposes 
it in a few minutes, forming manganous chloride, boric oxide, and hydrochloric acid. 
It is also decomposed by moist mercuric cyanide (Troost a. Hantefeuille, Compt. rend. 
Ixxxi. 1263). 

Chlorides. Hickles in 1864, by passing gaseous hydrogen chloride into a well- 
cooled mixture of manganese dioxide with ethyl oxide, obtained a green, very 
unstable liquid to which he assigned the composition MnClM2(C“H^)*0.2H®0 (vi. 804), 
and, according to W. W. Pisher {Chem. Soc. J, xxxiii. 409), the tetrachloride of 
manganese contained in this compound is also produced when either of the higher 
oxides of manganese, Mn-O^, Mn^O'*, or MnO^, is dissolved in strong hydrochloric acid. 
The brown liquids thereby formed decompose spontaneously at ordinary temperatures, 
with evolution of chlorine and formation of manganous chloride, MnCl^ and each of 
them, when diluted with water, yields a precipitate of hydrated manganese dioxide. 
The analysis of the precipitate thus formed, combined with, estimations by the iodo- 
metric method of the quantity of loosely combined chlorine {i.e. chlorine in excess of 
that required to form MnCP), led to the conclusion that the ratio of the manganese 
precipitated from the solution by water to the loosely combined chlorine is 1 ; 2, and 
consequently that the formula of the higher chloride is MnOlh 

Pickering, on the other hand {Cham. Soc. J. xxxv. 661), infers from experiments 
made in a similar manner: 

1. That when a solution of manganese dioxide in strong hydrochloric acid is diluted 
with water, a mixture of oxide is precipitated, which is not of definite composition, 
and that it may generally be represented by formulae intermediate between 
IGMiiO'-^.fiMnO and 36Mn02.5Mn0. 

2. That the manganese contained in this precipitate as dioxide bears to the loosely 
combined chlorine of the higher chloride from which it is precipitated the ratio of 
1 : 2 atoms, and consequently that the total manganese precipitated bears to this 
chlorine the ratio of about 1 : 1*64 atoms. 

3. That when the dioxide is dissolved in weaker acids, the amount of the higher 
chloride formed is not appreciably diminished. 

4. That an increase in the actual amount of the aqueous acid employed for the 
solution is prejudicial to the stability of the higher chloride formed, 

Voxv. Vili 4 N 
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5. That the higher chloride formed in this reaction is Mn^Cl®, and not MnCl'*, 
the solution of the dioxide and sesqnioxide by hydrochloric acid, and the subsequent 
decomposition of the sesqui chloride formed, being represented by the following 
equations ; 

I. Mn^Qs + 6H01 = Mn^Cl® 4* SH^O, 

11. 2Mn02 + SHCl = MnW + 01^ + 4:B?0, 

jjj fafMn^Cl® + 2H20 = McO^ + MnCP + 4HC1], 

+ SH^O = MnW + 6H01], 

the reactions thereby represented taking place simultaneously, but in various propor- 
tions, and the average values for x and y being about 4 and 1 respectively. 

Oxides. Manganous Oxide^ MnO, occurs native in a manganiferous dolomite 
at Langbanshyttan, Wermland, in small shining irregular lumps, green by reflected, 
red by transmitted light; they contain 98 per cent. MnO, the remainder being con- 
verted into manganite (Blomstrand, Deut. Ckem. Ges. Ber. viii. 120). 

Manganic Ry dr oxide occurs mixed with franklinite in pseudomorphs after 
eaicite (locality not stated) : ^ 

H»0 Mn®0’ Fe“0=*C) ZnO CaO MgO K^'O, Na=0 CO® SiO® 

11-293 58*387 14-627 5*285 4*739 1*253 traces 3*488 0*170 = 99*242. 

(^) Otter determinations gave 12*777 and lfi‘129 per cent. 

Bioxide,l!lbiO ‘^. — This oxide in the anhydrous state is usually regarded as an 
indifferent oxide. Fr6my, however {CoTwgt. rend. Ixxxii. 1231), from an examination 
of its behaviour with acids and bases, infers that it behaves sometimes like a saline 
oxide, sometimes as an acid, sometimes as a base. Its resemblance to a saline oxide 
is seen in its reaction with melting potash, by which it is converted into potassium 
manganate and manganous hydroxide : 

2M:n02 + 2KOH - MnO^K^ -h MnE^O^ 

This formation of potassium manganate, without addition of oxygen from without or 
evolution of hydrogen, is characteristic of the dioxide, and serves to d’stinguish it 
from the other oxides of manganese, which yield manganates only under the influence 
of oxidising agents. The acid character of the dioxide is shown by its uniting with 
bases, forming compounds like those obtained by Weldon, viz. CaMnO^ or CaO.MnO-, 
and 0aH-.2MnO3 or Ca0.H-0.2Mn0- (Jahresh. f. Chem. 1874, 1098). Its basic 
character has been especially studied by Fr4my, who has succeeded, tliough with 
difficulty, in converting it into a sidfhate, MnO-.2SO®, by acting on its hydrate with 
strong sulphuric acid. A better mode of preparing this salt consists in decomposing 
potassium permanganate with a considerable excess of sulphuric acid. 100 grams of 
permanganate are treated with a cold mixture of 500 grams of sulphuric acid and 
150 grams of water, whereupon an oily layer of permanganic acid separates, which 
gradually decomposing, forms, at the end of a few days, a deep yellow liquid from 
which crystals can be obtained. 

This salt, which Fr4my at first regarded as a sulphate of the sesqnioxide, is 
deliquescent, soluble in sulphuric acid, and .decomposed by water, forming at the same 
time a hydrate of the dioxide, Mn0-,2H-0. The liquor resulting from this decom- 
position contains no manganese. The yellow solution, exposed to the air or saturated 
with potassium sulphate, deposits a black basic sulphate, MnO^.SO®, which when 
redissolved in sulphuric acid reproduces the yellow sulphate. Certain salts, such as 
manganous sulphate, potassium sulphate, &c., combine with the yellow sulphate, 
forming well-crystallised double salts. The salt MnO-.MnO.(SO®)® + OH-O separates 
in hexagonal plates on adding a strong solution of manganous sulphate to a solution 
of the salt MnO-.2SO^ in a large excess of sulphuric acid. It dissolves in dilute 
sulphuric acid, forming a rose-coloured solution. The same compound is formed 
by the action of strong sulphuric acid on manganese dioxide, as shown by the red 
colour of the resulting solution; also by the cautious addition of reducing agents, such 
as alcohol, to the solution of the yellow sulphate. The double salt might of coiu'se be 
regarded as containing manganese sesqnioxide ; but the existence of a corresponding 
potassium salt, and the fact that w'hen decomposed by an alkali it gives a pi’ocipitate 
from which ammonia dissolves manganous oxide, leaving a residue of dioxide, are 
sufficient to show that the manganese exists in the salt in two different states of 
oxidation. Manganese sesqnioxide is not broken up by the action of ammonia. 

Begeneration . — A description of Weldon’s process for the recovery of the dioxide 
from the residue of the chlorine manufacture is given in Bingl. yol. J, ccxxix. 54 ; 
Chem, Boo. J. xxxiv. 938). 
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071 the predpitation of Manganese as Dioxide, see pp. 1265, 1266. 

A black hydrojted dioxide, SMnO^. 211^0, which appears to have been previously 
observed by Berthier and Dingier, separates on gradually adding water to a mixture 
of potassium permanganate with strong sulphuric acid (Rammelsberg, Deut. Chem. 
G-es. Ber. viii. 232). 

Manganates. — The preparation of barium manganate of fine green colour for 
use as a pigment is described by Bottger {N. Rep. Bharm. xxv. 115). See Baryta- 
GBEEN, p. 151 of this Supplement, 

Bermanganate of Botassium. — According to Brucke {Zeitschr. anal. Chem, 
1877, 231), the absorption-spectrum of this salt in dilute solutions exhibits five dis- 
tinct bands, the first near D, the last near F, and the middle ones between E and b. 

Potassium permanganate, when heated to redness, gives off oxygen and is converted 
into a salt having the composition : 

2KMn04 = K^Mn^Qs + O^. 

This compound is a brown-black powder, which is resolved by water into free potash 
and an acid salt : 

SK^Mn^O® -h ZWO = 2K2Mn50“ + 6KH0 
(Rammelsberg, loc. cit.) 

On the use of Potassium Permanganate as a disinfectant, see Schroter {Dingl, 
pol. J. ccxix. 375; Jahresh.f Chem. 1876, 1128). 

On Manganese Bhosphates, see Phosphates. 

Silicate. Rhodonite from a vein of crystalline limestone at Belec near Husinec 
in the Bohemian Forest is described by Helmhacker {Min. Mitth. 1873, 278). 

On Bustamite, from Rezbanyain Hungary, see p. 354 of this volume; on Jeffersoniie 
from Franklin, Hew Jersey, see vii. 709. 

Sulphide. Anhydrous manganous sulphide, MnS, may be prepared by boiling a 
solution of a manganous salt with potassium oxalate, then adding ammonia and 
ammonium sulphide. The presence of sal-ammoniac does not interfere with the 
reaction {Zeitschr. anal. Chem. 1877, 319). 

IMCAN’GAXrXiSB-GAllWET. This mineral occurs, together with ottrelite, at 
Salm-0h4teau, near Ottrez in Belgium, in dodecahedrons oo 0, a millimeter in size, 
containing, together with manganese and aluminium, only 4‘49 per cent. FeO, and 
1*9 per cent. Fe^O^ (L. de Koninck, Jahrb.f. Mm. 1873, 163, 319). 

nXilia'GAIfSSB-TilTJTAlbXTB. See Tantalates. 

MAM'N'XTOXi,^ Mannite. — According to Miintz {Co7npt. rend. Ixxvi. 

649 ; Ixxxii. 210), this substance occurs, together with glucose and trehalose, in the 
higher kinds of fungi ; some species, as Agaricus 7nusea7'ms, contain only trehalose ; 
in others, again, as Agaricus campestris, mannitol is the only kind of sugar present. 
Mannitol is also found in the alcoholic extract of the sugar-cane, and appears to be 
formed in the plant, together with a reducing, optically inactive sugar, by the action 
of vegetable organisms on cane-sugar. 

Oil the relations of Maoinitol to Bolai'isod Light, see Light (pp. 1216, 1221). 

On the Bchizomycctic Fer7nentation of Mannitol, see Fermentation (p. 777). 

On the Heat of Format io7i of Nitrojnan7iitol, see Heat (p. 973). 

Mannitan, C®H^®0'‘, may be prepared by heating mannitol for an hour or two in 
an oil-bath to 295° with half its weight of water, the conversion being complete ; also 
by heating mannitol to 120'’ with half its weight of strong sulphuric acid, saturating 
with barium carbonate, exhausting with alcohol, and evaporating. Its production in 
this manner depends on simple dehydration, and not on the decomposition of previously 
formed mannito-sulphonic acid. The decomposition of barium mannito-sulphonate by 
water is, indeed, never complete, a fact which may be due to the occurrence of an 
isomeric compound. Manuitan, heated for a considerable time with dilute sulphuric 
acid or baryta-water, does not yield any perceptible quantity of mannitol. The 
specific rotatory power of mannitan for the transition-tint is [a]j = + 36*5°. 

Mtro7na7mitan, 0®H^(N0-)0‘‘, is obtained by adding 1 pt. mannitan to a mixture of 
10 pts. sulphuric acid (of 60° Bm.) and 4| pts. nitric acid (sp. gr. 1*5), leaving the 
mixture at rest, and keeping it cool ; then throwing it into a large quantity of water, 
dissolving the deposit in ether, and leaving the ether to evaporate. In ether-alcoholic 
solution it exhibits a rotatory power [a]j = + 53*26°. By boiling alkalis it is converted 
into a blackish, gummy, non-explosive mass ; by ammonium sulphydrate into mannitan 
(Vignon, A7i7i. Chim. Bhys. [5], ii. 433). 

* The termination ‘ol’ is now applied to all compounds of alcoholic character (see Nomexclaturb). 

4 N 2 
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Maunltone, is produced by heating mannitol with water for three hours 

to 180®, whereby there is obtained, together with brownish products of decomposition, 
a wiscid mass which may be easily separated from undecomposed mannitol by solution 
in alcohol. By purifying this solution with animal charcoal, eyaporating, drying the 
remaining liquid at 120®, and leaving the resulting syrup to itself, small crystals are 
obtained, which must from time to time be separated from the soluble mother-liquor 
by means of .alcohol, and finally purified by dissolving them in water, decolorising the 
solution vith animal charcoal, and evaporating to the crystallising point. Mannitone 
does not reduce copper-solution ; it has a sweet taste, and a rotatory power [a]j ~ — 25®. 
By heating to 295® it is converted into mannitan. 

The syrupy mother-liquor, which no longer deposits crystals, jdelds, by repeated 
solution in alcohol, filtration through animal charcoal, evaporation, and finally heating 
to 120®, a light brownish viscid mass which does not yield either mannitol or mannitan 
when boiled with sulphuric acid or baryta- water. It forms a sulphonic acid whose 
barium salt is easily soluble ; with nitric acid, a product resembling ^nitromannitan ; 
and when heated to 295° is converted into mannitan. It tastes bitter-sweet, does 
not exert a reducing action, is not fermentable, is Isevogyrate : [a]j — 5’59. It has 
the composition = 2C®H^‘‘0® — H^O, and is, therefore, the ether of mannitol 

(Vignon, loc. dt,) 

Mannitlc Stliers containing* Acid Radicles. It has already been mentioned 
(p. 1223) that the several mannitie ethers prepared from glucose and from invert- 
sugar have the same rotatory powers as the corresponding derivatives of mannitol 
from the ash-tree. The h exace to-derivative of glucose-mannitol has, moreover, the 
same crystalline form as the corresponding ether of ash-mannitol, being orthorhombic, 
with a prismatic angle of 75° 40\ while that of the ash-mannitol ether is 73® 45' ; the 
angle between the dome-faces (012) is 78® 40' in the former, 78*’ 30' in the latter; 
and the angle between prism and dome is 112® 2' in the former, 112° 10' in the latter. 
The mannitol obtained from the jS-glucose of milk-sugar appears also to be identical 
with that from the ash (Bouchardat, Compt, vend, Ixxxiv. 34). 

MARGAROXXC ACXB, syn. with ELiBOMABGAaic Acid (p. 706). 

nXARMATXTS:, Zn^FeS^ is found in quartz in the iron mines of Rio and Tarre 
della Marina, Elba, crystallised in cubes in combination \vith the tetrahedron, the 
cubic faces being rough, and the tetrahedral faces smooth. The exterioi’ of the crystals 
has a dull brown to black colour, whilst the interior is reddish-brown with a metallic 
lustre. Streak reddish. Hardness = 4. Sp. gr. = 3*92 (Gr. Roster, Jahrb, /. Min. 
1877, 531). 

SMCATBCERXC ACXB. An acid obtained from the wax of the Yerba Mat^ 
{Ilex paraguayensis). When the solution obtained by exhausting the leaves of this 
plant with ether, or better with ether-alcohol, is treated with lime, then filtered and 
evaporated, a waxy residue is left, which may be freed from chlorophyll by treating 
its ethereal solution with animal charcoal. This solution, agitated with water to 
remove caffeine and other substances, and evaporated, leaves the pure waxy matter, 
which, when boiled with aqueous potash, partly dissolves, leaving a residue soluble in 
ether, much more butyraceous than the original substance, and separable by treatment 
with alcohol into an insoluble yellow transparent substance, and a soluble portion 
which is white and melts at 55®. On neutralising with hydrochlorio acid the alkaline 
solution obtained by saponification of the wax, mate ceric acid is obtained as a 
white precipitate which has acid properties, and is soluble in ether and in boiling 
alcohol. It melts at 105®~110°, and has a density of 0*8151 at 26°. Erom the 
results of its analysis, it does not appear to belong to the acetic series, but its molecular 
weight is very high (Arata, Gazz. chim, ital. 1877, 366). 

MATXCO-STBAROPTBIsrXi. This substance separates from the volatile oil 
of matico when cooled to a few degrees below 0®, in crystals 2 cm. long and 5 mm. 
thick, belonging to the trapezo-tetartohedral division of the hexagonal system, and 
having the axial ratio aiG^l: 0*31605. It melts at 103°. The crystals exhibit a 
weak negative double refraction. Indices of refraction : 

for the Lithium line : extraordinary ray - 1*5404, ordinary ray = 1*5415 
„ Sodium „ „ = 1-5436 „ = 1*5447 

„ Thallium „ „ = 1*5476 „ = 1-5488 

Respecting the optical rotatory power, see p. 1218. 

MAXXTE. To decide the question as to the identity or non-identity of this 
mineral from Sardinia with the Scotch leadhillite (p. 1171), Laspeyres (J. p. Chem. 
[2], xiii. 370 ; xv. 317) has made fresh analyses of both these minerals. The result 
of these analyses is to establish for leadhillite (A) and maxite (B) the same 
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chemical composition, represented by the formula or 5PbSO^, 9PbCO^ 

4PbO, 6H^O, so that the name maxite may be abandoned, but at the same the received 
formida for leadhillite (vii. 732) must be considerably altered. The whole of the 
water is given off at once between 250° and 290° : 



H=0 

CO“ 

SO» 

PbO 

A (found) . 

. 1-818 

7-981 

8-424 

81-777 = 100 

B (found) . 

. 1-866 

8-032 

8-123 

81-979 = 100 

0 (calc.) . 

. 1-838 

8-083 

8-171 

81-908 - 100 


Laspeyres {Zeitsclir. f. Kryst. i. 194) has further established, by exact measurements, 
the crystallographic identity of the Scotch and Sardinian minerals, but refers them, 
not to the rhombic system, as Descloizeaux does, but to the monoclinie system, with 
the following fundamental angles and ratios : 

Angle : coSco = 42° 4' 26"; -^5oo : ~.p= -.09° 15' 27"; 

~P : 00 500 = 36° r 54" 

n a I b c 

1-7464 : 1 : 2-21545 

or 1 : 0-57220 : 1-26768 

The following faces were observed, and, for the sake of comparison with former state- 
ments, are given both as rhombic and as monoclinic forms : 

rhomb. : co ? co, oo Poo (new), co P, oo f2 (new), JPco , |P co, OP 

monocl. : coPoo, coPgo (new), ooP, ooP2 (new), ^Poo, f5oo, OP. 

rhomb. : P, .^P, JP| (new), ]?§ (new), P2, “ ?4, |f oo (new) 

monocl.: — P, -hJP, +|PJ(new), +P| (new), ±P2, i:54, — p?co (new). 

The results of the optical investigation are as follows : Plane of optic axes normal to 
the plane of symmetry the first (negative) median line is in the plane of symmetry 
in the obtuse axial angle, and forms with the vertical axis an angle of 0° 12' 22". 
Dispersion of the axes rather large ; v> p; a horizontal dispersion of the median lines 
was either non-existent or but very indistinctly observed (comp. Hinze, p. 1171). 

MEGOZrzc iVCXB, CHO. This acid is found in small quantity, together with 
morphine and narcotine, in officinal poppy-heads (O. Krause, Arch, Fkarm. [3], v. 
507). 

The crystalline form of meconic acid is very much like that of a-pimelie acid (g'.u), 
both crystallising in transparent plates belonging to the orthorhombic system, and 
produced by predominant development of OP. The crystals of meconic acid exlnbit 
also the faces f oo, D oo, and co P ; those of pimelic acid the faces od ^ oo and oo P co. 
Pimelic acid is easily distinguished from meconic acid by the absence of the domes 
(0. A. Burghardt, Chem. Soc, J. [2], xii. 937). 

Meconic acid, treated with phosphorus oxychloride, gives off carbon dioxide, and 
forms a derivative of comenic acid not yet investigated (H. Schiff, Liehig^s Annalen^ 
clxxii. 359). 

The blood-red colour which meconic acid produces with ferric salts is much 
weakened by oxalic acid, ordinary phosphoric acid, and still more by metaphosphoric 
acid — a point which may be of importance in chemico-legal investigations (A Dupr4, 
Chem, News, xxxii. 15). 

XMCXaCOXa'in'. See Narcotine-deuivatives. 

XVZBBITIiXiOSS:. See Parenchyma. 

MESBRSCH^LITZ^. A fibrous meerschaum {sepiolite) occurring in a silver mine of 
Utah, in veins 5 cm. thick, partly white, partly bluish-green, has been analysed by A. 
Chester {Sill. Am. J. [3], xiii. 296), who assigns to it the formula Mg-Si^’O® + 2H'0 
or 2Mg0.3Si02.2H'^0. 


1. Mean of four analyses of the white variety. 2. Blue-green variety: 


SiO“ 

A1“0'‘ 

Fe''0» 

Mn“0» 

CuO 

MgO 

H=0 O 

H“0 (®) 

1. 52-97 

0-86 

9-70 

3-14 

0-87 

22-50 

9-90 

8-80 

2. 50-15 

2-06 

1-02 

2-09 

6-82 (3) 

18-29 

9-30 

10-32 


(^) At 100°. (®) A small quantity at 200®, tke rest at a strong red heat. O This large amount 
of copper is probably the cause of the blue coloration. 

nxx:Gil.UBBXXA. The root of Megarrhisa, calif arnica contains an organic acid, 
megarrhizic acid, a crystalli sable resin, megarrhizitin, and a glucoside, 
megarrhizin, which may bo split up by acids or by baryta-water into sugar and 
me garrhizioretin. The ash of the root contains magnesia, lime, iron oxide, potash, 
soda, chlorine, sulphuric, phosphoric, and silicic acid (J. P. Heaney, T?harm. J, Trans, 
[3], vii. 393). 
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MEJOirXTE. Gr. Tom Eath {Pog^. Ami. Erganzbcl vi. 381) describes, as 
analogous to the leucites which are encrusted with sanidin, a crystal of mejonite 5 cm. 
long and 2 cm. thick, imbedded in a block ejected from Vesuvius, the surface of which 
appears roughened and rounded by a mixture of sanidin and sodalite. 

A carefully selected specimen of mejonite (sp. gr. 2‘716 at 16'^) from Vesuvius, 
analysed by E. F. Newman {Jahrb. f. Min. 1875, 747; 1877, 942), yielded the follow- 
ing numbers : 

SiO“ A1=0* CaO MgO Na»0 K»0 H’O Cl CO“ 

13*36 32*09 21-45 0*31 1*35 0*76 0*27 0*14 072 = 100*45. 

Eegarding the water, chlorine, and carbon dioxide as unessential, this analysis may 
be represented by the formula Na^O, 14CaO, llAPO®, 26SiO", 2H‘0, which may, per- 
haps, also he written in the form 2(7CaO,5APO^10SiO^) + (Na20,AF0^6Si0^2H“0). 

IVIEIiAlw:. Volhard {J. pr. Chem. [2], ix. 28) regard’s Liebig’s melam (iii. 865) 
as probably a decomposition-product of guanidine thiocyanate, having the composition 
C'N^H* = CNS.CN^H® — H^S, that is to say, as a pol 3 mieric cyanamide^^iWith which, in 
fact, the formula generally assigned to melam agrees very nearly. 

When the residue left after prolonged calcination of melam at a high temperature, 
till gas is no longer given ojff, is fused with potassium carbonate, it yields nearly pure 
potassiummellonide, which may easily be obtained quite pure by treatment with 
a small quantity of acetic acid. A sohition of the same residue in hot strong potash- 
or soda-ley immediately yields very fine crystals of cyamel uric acid (Volhard). 

When crude melam is dissolved in hot concentrated sulphuric acid, and alcohol is 
added to the solution, a snow-white chalky precipitate is formed, having the composi- 
tion and identical with amm elide obtained from urea. The nitrate of 

this base crystallises in scales, the hydrochloride in microscopic needles (S. Grabriel, 
Dent. Ghent. Ges. Ber. viii. 1165). 

Melam treated with strong sulphuric acid at ordinary temperatures yields mela- 
mine sulphate containing a quantity of melamine equal to 17 per cent, of the melam ; 
ammeline is formed at the same time; at higher temperatures, the product consists 
of ammelide in nearly theoretical quantity, as found by Gabriel (J. Jagor, Deut. Chem. 
Ges. Ber. ix. 1554). 

MBliAMmB or CYAWVRAMIDB, 0'‘’H«N3=: C®N3(NH“)'b The following 
methods of preparing this base are recommended by Claus a. Henn {Liebig's Annaleii, 
clxxix. 120). A mixture of 25 grams melam, 100 grams potassium hydroxide, 
and 2^ litres of water, boiled together for twenty hours, yields nearly 50 per cent, of 
melamine; and a mixture of 35-36 per cent, melam, 100 KHO and 1 litre of water 
boiled for six or seven hours yields 35-36 per cent, melamine. Melanvme hydriodlde 
crj’stallises in needles having a silky bistre (Claus a. Henn). Melamine thiocyanate. 
is formed, together with melam, when ammonium thiocyanate is quickly heated to 250°, 
and this temperature is kept up till the mass solidifies. It dissolves in water and in 
alcohol, crystallises in prisms, and sublimes when cautiously heated. 

fNH2 

Benzoyl-melamine, C^N®H®(C’H^O) = (GN)^- NH'*^ , appears to he 

iNH(C’H'‘0) 

formed, together with benzonitril, by the action of benzoyl chloride on cyanamide ; it 
is a white substance easily soluble in water, and in acetic, nitric, and hydrochloric 
acids (C. Gerlich, J. pr. Chem. [2], xiii, 270). 

A polymeric benzoyl-melamine^ called by G-erlich tri benzoyl- 

melamine, is formed, together with benzoyl-cyanamide, cyanamide, benzonitril, and 
carbon dioxide, by the action of an ethereal solution of benzoyl chloride on sodium 
cyanamide suspended in ether. The mass must at first be kept cool, afterwards heated 
for several days on the water-bath, or better, for some hours in a sealed tube at 100°, 
and the ethereal solution finally separated from a yellow mass containing sodium 
chloride. The solution heated for eight hours to 150° in a sealed tube and then 
quickly cooled, deposits small round crystalline groups of benzoyl-cyanamide and a 
white amorphous substance. The ethereal solution saturated with hydrochloric acid 
yields a precipitate having the composition C^H®N^OCP. 

The yellow mass insoluble in ether contains sodium chloride and trihenzoyl-mela- 
mine in the form of a yellow powder insoluble in water and in alcohol, soluble in 
phenol and in sulphuric acid, melting with decomposition at 275°. "When heated 
with water it takes up the elements of the latter, and is resolved into ammonia and 
benzoic acid. By distillation in a stream of hydrogen it is resolved into carbon dioxide, 
hydrogen cyanide, benzonitril, dibenzoyl-dicyanamide (m. p. 112°; easily soluble in 
alcohol, less easily in ether and in water), and pseudotriphenylmelamine. 

This la.st compound, isomeric with Hofmann’s triphenj'l melamine (p. 1271) does 
not melt at 360°. It forms shining yellow prisms, which are most readily purified 
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by dissolving them in phenol, and mixing the solution with alcohol (Gerlich, 
loc. cit.) 

Trlmethyl-melamine, 0=>H3(CH3)3N« = (CN)WHS(CH3)3 (A. W. Hofmann, 
Beut, Chem.. Ges. Ber. iii. 26 1). This base is prepared, similarly to tri ethyl-melamine 
(vi. 808, 1050), by desulphnration of methyl -thiocarbamide, the first product of this 
reaction being probably methyl-cyanamide, N'^(CS)H®(CH®)--H"S = N(CN)H(CH’*), 
which is then converted by polymerisation into trimethyl-cyanuramide or triraethyl- 
^ melamine. ' , 

Trimethyl-melamine crystallises from water or alcohol in small colourless prisms 
having a strong alkaline reaction; volatilises when heated, without previous fusion; 
and is decomposed by hydrochloric acid, with separation of ammonia. Its platino- 
chloride, C^H^(CH3)®N®.‘2H01.PtCi^ crystallises in laminae sparingly soluble in water 
and in alcohol. 

Triamyl-melamiiie, prepared in like manner, forms a strongly 

alkaline syrupi insoluble in water and in aqueous hydroeliloric acid. Its platino- 
chloride, C*H®(C®H")®H®.2HGl.PtClh forms a network of yellow crystals, soluble in 
water, slightly soluble in alcohol, and is decomposed by boiling with hydrochloric 
acid, with separation of ammonia. 

These trisubstituted melamines, as already observed, are not the direct products of 
the desulphnration of thiocarbamides, their formation being preceded by that of 
substitiited cyanamides : in fact, the direct product of the desulphuration of ethyl- 
thiocarbamide does not crystallise, has no alkaline reaction, and does not yield a 
crysta disable platinum-salt ; and it is only after repeated evaporation that complete 
polymerisation is effected. Moreover, Hofmann has given direct proof of the correct- 
ness of this view, by converting ethyl-c^mn amide, prepared by the action of gaseous 
cyanogen chloride on ethylamine (ii. 190), into triethyl-melamine. He likewise explains 
the resolution of ethylcyanamide by heat into diethylcyanamide and a crystalline base, 
C-H^(C“H®)N^ {loo. cit.) by a decomposition of triethylamine represented by the 
equation : 

- CN(C2H'’)-N -b C-H«(C-H*)N^ 

Dietliyl- Echyl-di- 

cyanamide. cyanainide (?) 

By brisk ebullition with hydrochloric add, triethyl-melamine is resolved into 
ammonia and triethylammeline : 

-b h^o = nh^ + 

but by digestion for several hours wdth hydrochloric acid in sealed tubes it is converted 
into ammonia and methyl-cyanurate ; 

C^H''(C2H^)3Hs + 3H‘0 = SNH* -b 
Similar reactions take place in the phenyl series. 

Triplieny 1-melamine, C3HXC«H®)N® (Hofmann, loc. cit.) Monophenylthiocar- 
bamide is converted by desulphuration into phenyl-cyanamide or cyananilide, 
agreeing in properties with that which Cahours a. Cloez obtained by the action of 
gaseous cyanogen chloride on aniline (iv. 442). The product has at first the consis- 
tence of colophony, but may be crystallised by solution in alcohol and heating, or by 
leaving the alcoholic solution at rest for some time at ordinary temperatures. It is 
very soluble in alcohol and ether, melts at 36°-37°, and when once fused takes a long 
time to solidify ; it changes into triphenyl-nielamine, slowly at ordinary temperatures, 
quickly when fused at the heat of the water-bath. 

Triphenyl-melamine, when recrystallised from alcohol, forms pyramidal groups^ of 
prisms, melting at 162°-163°. It is insoluble in cold, very slightly soluble in boiling 
water easily soluble in alcohol and ether, especially when warm, and crystallises from 
the hot solution in capillary needles. Its platinochloride, C®H®(C®H®)®N®.2HCl.PtGlh 
is a yellow precipitate which crystallises well. The base is decomposed by boiling 
hydrochloric acid, with separation of ammonia ; and its alcoholic solution heated to 
boiling for a short time with hydrochloric acid, deposits on cooling crystals of phenyl- 
cyan urate : 

C3H®(G«H")^Ne + SH-^O = 3NE® + C3(G®H^)3N30^ 

MEIiAlirGIiAircx:. This mineral, from Freiberg, was found by Frenzel 
{Jahrh. f. Min. 1874, 188) to contain 68-64 per cent, silver, lo-76 antimony, and 
16*49 sulphur, agreeing with the formula dAg-S.Sb^S®, which requires 68*36 Ag, 
15-44 Sb, and 16*49 S. Sp. gr. =6*28 at 18°. 

This compound crystallises in elongated monoclinic prisms 
exhibiting the faces cwFso , ooFco, -Poo, +^<x> , ooP, No distinct cleavage 
(Arzruni, Bogy. Ami. clii 284). 
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3yC£Xiil.Kr0PKXi06XTX:. A. minera.1 occurring on snlpimr at Girgenti, in small 
liglit-brown cubes and cubic t'wins, closely intergro'wn 'with a crust of quartz, and 
mixed with sulphur, calcite, and coelestin. The cubes -when heated turn green, blue, 
and finally black-blue : hence the name of the mineral. Sp. gr. = 2‘03-‘2‘04 ; after 
ignition, T95. An analysis made with a very small quantity of material gave : 

SiO’ Fe“0*, A1»0» SrO S0“ H®0 

86-29 0-7 2-8 7*2 2*86 = 99*85 

Deducting the iron and strontia, the latter combined with 1*3 per cent. SO® as ccelestin, 
there remains, as essential constituents, only water, sulphuric acid, and silica. The 
mode of combination of the silicon and sulphur has not been made out (A. v. Lasaulx, 
Jdhrb.f. Min. 1876, 250, 627). Further notices on this mineral have been published 
hy V. Zephanovich (ibid. 627). A. Brezina Mitth. 1876, 243) calls attention to 
a Grecian mineral described by A. Guyard (Bull. 8og. Chim, [2], xxii. 61) under the 
name of suVphuricin or silex sulphuricin, which is impregnated with sulphur and free 
sulphuric acid, and was found to contain : 

SO» S H=‘0 SiO’ CaO APO=' MgO 

6*80 4*10 6*10 80*38 1*25 0*43 8*57 0-37 = 100 

Assuming that in this analysis, in which there is an excess of 8 per cent., the 8*57 
Fe^O® should he 0*57, the numbers will agree nearly with those in the analysis by 
V. Lasaulx. 

AXSXfAWOSIBBHrXTB is the name given by J. P. Cooke (Jahrh.f. Min. 1875, 
651) to a black amorphous mineral from West Chester, Pennsylvania. The analysis 
hy W. H. Melville indicates a highly basic silicate having the composition 
4Fe“0®.Si0® + 6H®0. It might he regarded as an impure brown haematite, were it not 
for the gelatinising reaction -u-hich it exhibits. Sp. gi*. = 3-390-3*392. 



SiO“ 

Fe*0* 

A1»0> 

H=0 

Analysis 

7*42 

75*13 

4*34 

13*83 = 100*72 

Calculation 

7*42 

79*21 

13*37 100 


MSXiJ9iPKirziX!. A microscopic examination of melaphyres has been published 
by G. Haarmann (Zeitsohr. gaol. G-es. xxv. 436,* JaJirh. f. Min. 1874, 313). The 
greater number of specimens exhibited, together with a vitreons ground-mass, plagio- 
clase, less abundantly orthoclase, magnetic iron oxide, olivine (hitherto regarded as 
the most regular constituent of the melaphyres), augite (occurring less frequently 
than is commonly supposed), and apatite. Schillerspar, nephelin, and quartz were found 
in individual specimens, hornblende never. Among the varieties of structure ex- 
hibited, special mention must be made of a very distinct micro-fluctuation structure, 
inasmuch as it affords distinct evidence as to the genesis of the rock, pointing to its 
metamorphic formation from sedimentary material. 

C. Doelter (Jakrh.f. Min. 1876, 563) has examined the mineralogical constitution 
of the melaphyres and augite-porphyries of South Tyrol, which he divides 
into: 1. Augite-melaphyres (a. Augite-porphyry ; b. Augite-melaphyres poor in 
augite, and augite-hornblende melaphyres). 2. Hornblende melaphyres. 3. Mela- 
phyres free from augite and hornblende. The chief constituents of these melaphyres 
are plagioclase, orthoclase, augite -(sometimes replaced by uralite), hornblende, and 
magnetic iron oxide ; subordinate : olivine and apatite ; as secondary products : 
epidote, calcite, delessite, chalcedony, and iron pyrites, as well as pseudomorphs after 
angite and olivine. 

Metamelapbyre, Metadiabase, and Metadolerite. These terms are applied 
by J. D. Dana (^8ill. Am.J. [3], xi. 119) to the rocks which constitute the heights 
forming the western boundary of the plain of New Haven. They are metamorphic 
formations probably of old Silurian age, but petrographically very nearly allied to 
eruptive dolerite, diabase, and melaphyre. The term dolerite is in this nomenclature 
not restricted, as usual, to eruptive rocks of the tertiary age, but denotes a rock free 
from chlorite, in opposition to the chloritic diabases. G. W. Hawes (ibid. 122) has 
supplemented Dana’s memoir by a series of analyses in which the composition of these 
metamorphic rocks is compared with that of the corresponding formations of eruptive 
material, in order to show the petrographico-cliemical identity of the two classes. 

1. Metadolerite from Stoeckel’s farm; crystallo-granular. The mineral constituents 
were found by calculation to consist of 55 per cent, augite, 41 iabradorite, and 3 
titanic iron. 

2. Dolerite from West Eock, New Haven, an eruptive rock, added for comparison. 

3. Metadiabase from the cutting of the Derby railway ; light green, fine-grained 
variety, consisting, according to microscopical examination, of augite, chlorite, labra- 
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dorite, and titanic iron. Erom the absence of calcium carbonate it is inferred that the 
chlorite has been formed simultaneously with the other constituents, not at the 
expense of the augite. 

4. Metadiabase, to the south of Maltby Park ; porphyritic from the presence of 
felspar, otherwise formed of the same constituents as the preceding. Whether 
anorthite likewise occurs cannot be decided, on account of the impurity of the felspar 
which was separated for analysis, but its occurrence is not improbable. 

5. Diabase, emotive, from Lake Salton stall. 

6. Metamelaphyre, from Stoeckel’s farm ; crypto-crystalline. Calculation gave, as 
the component mineral species, 44 per cent, augite, 53 oligoclase, and 3 titanic iron. 



SiO= 

A1“0^ 

Fe=0=* 

FgO 

MnO 

CaO 

MgO 

lTa=0 


TiO* 

H=0 ■ 

1. 

50*36 

14*57 

2*48 

8*31 

0*46 

11*13 

7*62 

3*04 

0*44 

1*70 

0*78 

2. 

51*78 

14*20 

3*59 

8*25 

0*44 

10*79 

7*63 

2*14 

0*39 

— 

0*63 

3. 

48*20 

14*12 

2*00 

7*41 

1*24 

11*50 

8*19 

2*60 

0*23 

1*58 

2*20 

4. 

48*61 

17*81 

0*25 

8*46 

0*20 

11*16 

7*76 

2*77 

0*47 

1*35 

1*63 

5. 

49*28 

*15*92 

1*91 

10*20 

0*37 

7*44 

5*99 

3*40 

0*72 

— 

3*90 

6 . 

55*07 

14*18 

7*20 

1*92 

0*30 

9*03 

5*98 

4*11 

0*37 

1*56 

0*72 

Ini. 

. traces 

of Cr ; 

in 2. C 

(*14 per 

cent. 

PW; in 5. 1*14 CO^. 

Totals, l.= 

= 100*89 

2. =99*; 

89; 3. 

= 99*27 

; 4. = 

= 100*47 

: 5. = 

= 100-27 

; 6. = 

100*44 

. Sp. 

gr. 1 

. =3*04 


2. =3-03; 4. =3‘01; 5. =2*86; 6. =2-99. 

The rocks of New Hampshire have also been discussed in the same manner by 
Gr. W. Hawes {Sill, Aon. J. [3], xii. 129). 

1. Hornblende from the onetadiorite of North Lisbon. The rocks may be regarded, 
according to their amount of silica, as Oligoclase- and Labrador-onctadiorite. 

2. Metadiahase from Littleton. 

3. Metadiahase containing hornblende, together with augite and chlorite. Nos. 2 
and 3 exhibit structures which are regarded by Hawes as organisms. 

4. Metadiabase slate from Hanover, analysed by Pease. 

6. Metadolerite from Littleton, containing hornblende, apparently formed from 
augite. 

6. Clay-slate from Woodrill ; wrinkled and exhibiting only traces of crystalline 
constituents : ‘ nevertheless it has a composition which would have aiTorded a good 
granite if circumstances had been favourable to the formation of that rock.’ 



SiO“ 

Al-0^ 


FeO 

MnO 

CaO 

MgO 


Na^O 

TiO“ 

H=0 

1. 

49*03 

13*72 

— 

9*84 

0*40 

11*22 

11*96 

— 

2*40 

— 

0*90 

2. 

45*56 

16*57 

0*36 

9*40 

0*20 

8*01 

10*34 

1*20 

2*55 

1*20 

3*93 

3. 

48*79 

16*97 

1*69 

8*97 

0*20 

9*98 

6*98 

— 

3*30 

1*10 

2*65 

4, 

46*65 

19*26 

2*58 

9*73 

0*25 

9*07 

6*67 

0*09 

3*31 

0*52 

2*39 

5. 

40*25 

13*62 

5*46 

10*36 

— 

10*31 

8*86 

0*59 

1*96 

6*53 

0*74 

6. 

60*49 

19*35 

0*48 

5*98 

— 

1*08 

2*89 

3*44 

2*55 

— 

3*66 

In 2. 

. 1*02 per cent. 

C02. 









Totals : 1. 

= 99*47; 2, 

. =100*34; 

3. =100*63 ; 

4. = 

100*42; 

5. 

= 98*68 


6. =99*92. 

Sp. gr. 2. =2*96 ,* 3. =2*96; 4. =3*03. 

Pecidiarly formed conglomerates from South African melaphyres are described by 
E. Cohen {Jalirb.f. Min. 1875, 1 13). One of these rocks from the Malati mountains 
exhibits conglomerates consisting of hetilandite (p. 1030), in peculiar ramifications 
resembling certain precious corals. In the second rock, from Backhause on the left 
bank of the Vaal, are imbedded tubes more than 10 cm. long, and having a maximum 
diameter of 1 cm., which gradually renew themselves, and are filled with chalcedony 
coated with delessite. The loose cylinders of chalcedony (so-called ‘ pipe-stones ’), 
which are of frequent occurrence in the diamond-washings, are attributed by Cohen to 
conglomerates of this kind which have fallen out of the rock. 

MEXiEZZTOSB. See SuoAus. 

MSXiXXiOT. The yellow melilot {Melilotus officinalis), at flowering time, yields 
by distillation with steam 0*2 per cent, of melilotol, an acid oil, to which the odour 
of the flowering plant is due. This oil is slightly soluble in water, easily in alcohol 
and ether, and is easily converted into melilotic acid (T. L. Phipson, Cheon. News, 
xxxii. 25). 

XUCBXiZia'OPHAXa'X:. Crystals of this mineral have been measured by E. Ber- 
trand {Coonpt. rend. Ixxxiii. 711), who refers them to the quadratic system, indicating 
the faces P and Pco , whereas hitherto rhombic forms have been assumed with 
ooP = 91°. The flices hitherto regarded as produced by cleavage parallel to OP are, 
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acbording to Bertrand, not cleavage-faces at all, inasmncli as the crystals exhibit no 
indication of clearability. 

MBS.ISSIC ACXJi, C3»H«°0-. This acid and its salts have recently been in- 
vestigated by L. V. Pieverling(Z 2 e&iys Amicden, clxxxiii. 344). The acid is prepared 
by heating myricyl alcohol, to 220°, with three times its weight of potash-lime in 

a tube open at one end, the process being continued as long as hydrogen is given off, and 
the contents of the tube finally treated with hydrochloric acid. The crude melissic acid 
thereby separated is dissolved in alcohol and precipitated with lead acetate ; the precipi- 
tate is washed with hot alcohol ; and the melissic acid separated from it by digestion 
with alcohol containing hydrochloric acid, is purified by recrysiallisation from alcohol. 

Melissic acid thus prepared forms shining silky scales appearing under the micro- 
scope to be made up of slender needles, and melting at 88-5°. It is slightly soluble in 
ether, easily in boiling alcohol. 

^ Lead melissate, (C^°H®®02)2pb, is insoluble in alcohol and in ether, but dissolves in 
boiling chloroform and toluene, and crystallises from the latter in yellowish needles. 

Silver melissate^ C®“H®“0“Ag, forms white masses which quickly turn brown when 
exposed to light, melt to a black mass between 94° and 95°, and behave towards 
solvents like the lead salt. The copper salt is a green powder. The potassmm salt 
dissolves in 20 parts water, and crystallises from alcohol in white needles, from ether 
in scales. 

Ethyl onelissate, prepared from the silver salt with ethyl iodide, is 

a white waxy mass, melting at 73°. Amyl melissate, may be prepared 

by passing hydrogen chloride into a solution of the acid in amyl alcohol, and when 
purified by crystallisation from ether, forms white shining needles, molting at 69°, 
resolidifying at 67°, soluble iu alcohol, ether, benzene, and chloroform. 

MISXiISSYXi A3CiCOKOXi. See Myricyl alcohol. 

MEX.XTOSE. See Sugars. 


MBX-XITIC ACIB,C'2H60^2,= C«(C00_H«). Claus a. Poppe Chem, Gcs. 

iJtr. 1877, p. 559) find that pure mellitic acid maybe prepared from very impure, 
earthy, nearly black honeystone, by evaporating the ammoniacal extract to dryness 
and heating the residue for some hours to 120°-130°. The ammoniacal salts of the 
humus-acids are thereby decomposed and rendered insoluble, so that, on subsequently 
boiling the residue with water, a nearly colourless solution of mellitic acid is obtained. 

Acid mellitates are obtained both by evaporating the solutions of the neutral salts, 
and by heating mellitic acid with metallic chlorides. With an ammoniacal mfignosia- 
solution, moderately dilute solutions of mellitic acid yield a heavy crystalline precipi- 
tate of the salt (NH-‘)^Mg-C‘‘-^0‘--f 15H‘'^0, which crystallises from hot water in largo 
prisms having a vitreous lustre. A mayoiesmm-potassium salt, which likewise crystal- 
lises well, is obtaiued in a similar manner. Zinc-ethyl acts on mellitic acid in the 
same manner as on oxalic acid. 


Mellitic Bexchloridc, C‘-0®G1®, is formed by the action of phosphorus penta- 
chloride on mellitic acid, together with a number of secondary products, from which it 
may be freed by recrystallisation from ether. From this solvent and from benzene 
It crystallises very readily in hard vitreous prisms which molt at 290°, and sublime in 
laminte at about 240°. An oxychloride, C^^O^Cl-, has also been obtained (Claus a 
Poppe). ^ 


MelUtic 7* 5.— According to Busse a. Kraut {Liebig's Annalen, clxxvii. 272), 

the melting point of ethyl mellitate (73°) is lowered to 51-5° by admixture of small 
quantities of methyl mellitate. That of the latter is also lowered by the presence of 
small quantities of impurities. 

The results of Baeyer’s investigations on mellitic acid and its derivatives have 
already been given (vi. 808-814 ; vii. 784-785). 

Trimellitic acid, C^RXCOmf, is obtained by the oxidising action of potassium 
permanganate on xylidic acid prepared from pseudocumene. This shows that tri- 
mellitic acid (as formerly suggested by Baeyer) has the same constitution as pseudo- 
cumene, VIZ. (1:2; 4) ; and since trimesic acid has the position 1*3*5 there 
remains for hemimellitic acid only the position 1 ; 2 : 3. The above reaction’ yields 
isophthalic as well as trimellitic acid (C. Krinos. Deut. Chem. Gres. Ber. x. 1491). 

On the formation of potassium mellonide from the residue left 
after the calcination of melam, see p. 1270, 

M£XiOX7ZT£:. See Tellurium Minerals. 

Hydrocarbon, obUiued by Oistilllng solid pepper- 

f y Hromine into cymLe, 

OH (■ Br G H + 4HBr, the hydrocarbon being first treated with a solution of 
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bromine in potassium bromide and tbe resulting addition-product distilled. A liquid 
compound having the same composition as solid peppermint camphor, likewise yielded 
menthene by distillation with zinc chloride (Beckett a, Wright, Cliem. Soc. J. xxix. 1 ). 

MEIlCAI>»TAWr and MBRCAPTIBES (P. Claesson, Bull. Boo. Ckim. [2], 
XXV. 183; J.pr. Qhem. [2], xv, 193). Mercaptan, may be advantageously 

prepared by neutralising a mixture of sulphuric acid and alcohol with sodium car- 
bonate ; evaporating ; and after tbe sodium sulphate has crystallised out, mixing the 
mother-liquor with potassium sulphydrate and gently heating the mixture for twelve 
hours in a retort, the vapours which escape condensation in the receiver being passed 
into a solution of caustic potash. By this process, 1 litre of alcohol and 350 grams of 
potassium hydrate yield 280-300 grams of crude mercaptan containing about 70- 
80 per cent, ethyl sulphydrate, and 20-30 per cent, ethyl monosulphide. The product 
may be freed from hydrogen sulphide by repeated agitation vdth potash-ley, and the 
mercaptan separated from the ethyl sulphide by fractional distillation, or, better, by 
converting it into the sodium salt (infra)^ evaporating the alcoholic solution of this 
salt to dryness!%adding water, and either filtering the solution, or agitating it with 
benzene or other hydrocarbons which dissolve the ethyl sulphide. The alkaline solution 
thus purified yields, on neutralisation with dilute sulphuric acid, perfectly pure 
mercaptan. 

Mercaptan is a powerful reducing agent, converting, for example, nitrobenzene 
into azobenzene; the alkaline mercaptides exert a still more powerful reducing 
action. 

A hydrate of mercaptan, C^H^S.ISH^O, first obtained by H. Muller {Arch. 
Bhamn. [2], cl. 147), is formed when the vapours evolved in the preparation of mer- 
captan are passed through a condensing tube containing water cooled to 8° or a lower 
temperature, and solidifies to a crystalline mass of small needles which may be kept 
undecomposed for several days in a closed vessel at a temperature of 12°-14°. 

Mercaptides. The sodium and potassium compounds may be prepared either 
by dissolving the metal in mercaptan, whereupon the compound separates out in white 
snowy masses, or better, by dissolving potassium or sodium in absolute alcohol and 
adding mercaptan, drop by drop, or by passing mercaptan-vapour into the alcoholate. 
Sodium mercaptide, is decomposed by water into sodium hydrate and mer- 

captan, and by excess of alcolaol into sodium alcoholate and mercaptan. The latter 
reaction, however, is by no means so complete. An aqueous solution of potash or 
soda dissolves mercaptan, partially converting it into mercaptide, and great contrac- 
tion of the solution ensues. Sodium mercaptide absorbs oxygen when the gas is passed 
through its alcoholic solution, ethyl disulphide being formed. The action is different, 
however, when dry oxygen is passed over dry sodium mercaptide, oxidation then 
taking place, slowly at ordinary temperatures, more quickly at 100°-120°, the change 
being complete when a solution of a small portion of the product in water gives with 
lead acetate, no longer a yellow, but a w'hite precipitate. If the mass, which is not 
altered in appearance, be then dissolved in water, a small quantity of ethyl bisulphide 
separates out ; and on removing this by filtration, mixing the filtrate with barium 
chloride, removing the small precipitate thereby produced (chiefly barium sulphate) 
by filtration, passing carbon dioxide into the filtrate, evaporating to dryness and 
exhausting with alcohol, a solution is obtained which, on evaporation, yields a neutral 
very deliquescent and indistinctly crystalline salt, exhibiting the composition and 
reactions of sodium ethylsulphinate, C-H^SO.ONa. With solutions of metallic 
salts, mercaptan and sodium- mercaptide act exactly like hydrogen sulphide and the 
sulphydrates of the alkali-metals. 

Thallium mercaptide^ C-H^S.T1, prepared by agitating thallious carbonate 
with mercaptan, is a yellow curdy precipitate slightly soluble in water. 

Ferrous mercaptide, {O-W^.SlfFQ (?), is obtained by mixing an alcoholic solu- 
tion of ferric chloride with mercaptan and ammonia, as a black slimy mass resolved 
by heating with water into mercaptan and ferrous hydrate. 

Nickel mercaptide, (0-H®S)2Ni, prepared in like manner, is a chocolate-brown 
powder not decomposed by hot water. 

Cohalt mercaptide, (C^H®S)-Co, is obtained by agitating mercaptan with cobalt 
acetate, as a gummy precipitate, which, unlike all other mercaptides, is not attacked 
even by fuming nitric acid. 

The mercaptides of Zinc and Cad 1 ^^iumi m-di CdS^(C^H‘’^)^, are 

precipitated on adding mercaptan to their compounds with weak acids ; they dissolve 
in dilute acids without decomposition, and are reprecipitated on neutralising the acid. 
They are white, indistinctly crystalline bodies, and are best prepared from the 
acetates. They dissolve in ammonia, and are reprecipitated on neutralisation. 
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Mer curio onerca^tide is best prepared by shaking mercuric cyanide with mer- 
captan, and separates out in long very thin crystals. On application of heat it melts 
to an oil, devoid of smell and taste. On treating it with warm nitric acid, a basic 
mercuric ethylsulphonate is formed, according to the equation : 

2Hg(SC2H^)2 + 0^« + H^O - OCHg.SO-.C^H-O- + 2(C2H'\SO=.OH). 

Merca^tides of the JPlaiimc^ii Of the metals of this gi’oiip, pnly 

platinum, palladium, and rhodium appear to be capable of forming mercaptides. 
The platinum salt has been already mentioned (ii. 649). Palladium mcrcaptide is a 
powder of a fine yellow colour, which decomposes, when heated, with a glimmering 
light, and evolution of heat sufficient to melt the palladium. Bhodhm mercwptide, 
EhXS.C^H^)®, obtained from salts of rhodium sesquioxide, is a yellow precipitate. 

The lower oxides of iridium, ruthoimm, and osmium are not acted on by mercaptan ; 
the higher oxides are merely reduced. Claesson suggests that this difference of 
reaction might be utilised as a method of separating the platinum metals one from 
the other, especially for obtaining platinum absolutely free from hidium, and for 
separating small quantities of platinum from the osmium and iridium metals. 

Tin mercaptides.— stannic salt, Sn(S.C2H®)S is formed by the action of 
stannic chloride on mercaptan, both dissolved in carbon sulphide, and remains as a 
thick oil after the solvent has been removed by distillation ; it is also formed on 
adding mercaptan to a strong aqueous solution of stannic chloride. It remains liquid 
at -40°, and may be distilled in a vacuum without decomposition, but is decomposed 
by distillation under the ordinary pressure, with formation of ethyl sulphide and 
separation of metallic tin. Stannous mercaptide, is formed on adding 

mercaptan to a solution of stannous acetate, as a yellow precipitate, which oxidises 
very qnicldy on exposure to the air. 

Bismuth mer captide, one of the most characteristic salts of the 

group, is obtained by mixing a solution of a salt of bismuth with mercaptan, and ci’ystal- 
lises in long flexible yellow needles, moderately soffible in alcohol and in other. It melts 
at 79°, oxidises easily in air, and when strongly heated decomposes into the sulphides 
of bismuth and ethyl. 

Arsenious mercaptides . — Arsenious chloride acts on mercaptan at ordinary 
temperatures, forming arsenious chlorodimercaptide, As(SC“H'*)^01, the substi- 
tution of SC^H® for Cl not going any further even at 100° The trim or cap tide, 
As(SC'H®)^ is best obtained by adding sodium mereaptide to an etboroal solution of 
arsenious chloride, keeping the latter in excess, <and afterwards removing this excess 
by a stream of ammonia-gas. The product, after filtration and removal of the ot her 
by distillation, is quite free from chlorine. Both these products are colourless fetid 
oils. The former when heated gives metallic arsenic, arsenic chloride, and ethyl 
disulphide ; the latter metallic arsenic and ethyl disulphide. The former reacts with 
water, giving arsenious acid, hydrocMoric acid, and mercaptan, but is not oxidised 
by air ; while the latter is not acted on by water, but decomposes in air, with formation 
of arsenious acid. 

Phosphorus trichloride and mercaptan do not react at low temperatures, but on 
heating the mixture, the three chlorine-atoms are successively replaced by the group 
SC^H^, the replacement of the third chlorine-atom being, however, not completely 
effected till the substances are heated together at 100° in sealed tubes. The tri- 
mercaptide, P(SC-H®)^ is a colourless fetid oil, resolved by distillation into 
phosphorus and ethyl disulphide, and slowly decomposed by water at ordinary 
temperatures. 

Antimony trichloride unites directly with mercaptan, forming the compound 
SbCl®.C^H®S, which remains, on evaporating over the water-bath, as an oil, w'hich does 
not oxidise in the air, but is decomposed by water like antimonious chloride itself, 
the mercaptan being set free. 

Carbon mercaptides are obtained by the action of sodium mereaptide on the 
carbon chlorides COP, C-Cl®, and C-Clb Carbon tetramercaptide, C(S.C2jE®)'^, is a 
light yellow oil having a peculiar odour, a sp. gr. = I’Ol, and decomposing when dis- 
tilled. Bicarhofi-hexmercaxMde, is a heavy, nearly colourless, fetid oil, 

solidifying at very low temperatures. Picarhon^tetraQiier captide, obtained by heating 
carbon dichloride, C-CP, with sodium mereaptide at lOO'-', crystallises in very fine 
rhombohedroDS having a faint odour and melting at 54°. All these compounds are 
oxidised by nitric acid to carbonic and ethylsulplionic acids. 

Sulphur Mercaptides or Ethyl Poly sulphides. — The tetrasulpHdc, 
is formed by mixing the solutions of sulphur chloride and mercaptan in 
carbon sulphide : 

202H*SH + S2CP = 2HC1 + (C^HO'Sb 
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After removal of carbon sulphide and excess of mercaptan by distillation, the tetra- 
snlphide remains as a light-coloured, very fetid oil, heavier than water, soluble in carbon 
sulphide and in ether, very sparingly in alcohol. It converts most metals into 
sulphides, potassium cyanide into the thiocyanate, potassium hydroxide into thio- 
sulphate. It is resolved by distillation into sulphur and the disulphide, (C-H®)^S^, by 
contact with water into sulphur and It dissolves sulphur at 150°, possibly 

forming the pentasuiphide. 

MEBCAPTOXC iLCXBS. This name has been given to the sulphuretted dyes 
which Croissant and Bretonni^re obtain by action of metallic sulphides, or of sulphur 
and an alkali, on carbohydrates, gum-resins, &c. (p. 698). 

MXSRCiTRXAXiZN'B. According to E. Schmidt {Deut. Chem. Gres. Ber. x. 2226), 
this base, obtained from Mercurialis ^erennis, is identical with methylamine. 

IVIBRCUBXPHBlTYXiAlVIMOirXUIVC CHX.OHXBB, NH(C®H0HgCl, ^ is 
formed, together with mercuridiphenylammonium chloride, on mixing the boiling 
solutions of aniline and mercuric chloride. The latter remains in solution, while the 
former separates as a yellowish precipitate. After repeated boiling with alcohol, it 
forms an amorphous insoluble ‘ phenylated white precipitate ’ (Carl Forster, JDeidi. 
Chem. Ces. Ber. vii. 294). 

IVEBBCmtir. According to J. W. Mallet {Broc. Boy. Boo. xxvi. 71), thesp.gr. of 
solid mercm’y at its freezing point, — 38‘85°, is 14*1992, compared with water at 4°. 

On the Bpeoijio Heat of Liquid Mercury, see Heat (p. 928) ; of Mercury-valour, 
p. 934. 

On the Eccpojnsion of Mercury hy Heat, see p. 935. 

Heat-conductivity. — According to H. Herwig {Bogy. Ann. cli. 177), the heat-con- 
ductivity of pure mercury between the temperatures of 40° and 160° is perfectly 
constant, whereas its conducting power for electricity is known to vary with the 
temperature. Mercury, therefore, presents an exception to the law laid down by 
Wiedemann a. Franz {Bogg. Ann. Ixxxix. 497 ; Jahresh.f. Chem. 1853, 92), according 
to which the conduction of heat in metals is as variable as their power of conducting 
electricity. On the other hand, the result above mentioned relating to mercury agrees 
with Lorenz’s law {Bogg. Ann. cxlvii, 429 ; Jahresb. 1872, 52), according to which the 
heat-conducting power is the same at all temperatures. 

Electric Conductivity of Mercury -vay our. — Herwig {Bogg. Ann. cli. 860) finds that 
this vapour conducts electricity, not like a metal, but rather like a voltaic arc : more- 
over, it exhibits, like other gases, as shown by Hittorf (p. 726), a certain resistance to 
the transference of electricity at the cathode. Mercury-vapour at 400° in a tube 4 
mm. in diameter, and between columns of liquid mercury as electrodes, exerts a re- 
sistance of about 50,000 Siemens’ mercury-units. 

Electric Imgndsion. — Du Moncel’s observations on the movement of a drop of 
mercury at the bottom of a layer of water through which an electric current is passed, 
have already been noticed (p. 714). H. Sabine {Bhil. Mag. [5], ii. 481) has studied 
the same phenomenon with the following results : (1). The electro-motive^ force be- 
tween tw'O surfaces of mercury proceeds from the different degrees of oxidation of 
these surfaces. 2. The contraction or expansion consequent on the passage of a 
current between a drop of water and a surface of mercury is equal to the change of 
volume due to the formation of mercurous oxide. 3. The other best known phenomena 
of impulsion are to be attributed to this cause, and not to alteration of the capillarity- 
constants, which, contrary to Lippmann’s view {Bogg. Ann. cxlix. 546), have but little 
to do with the electromotive force of the surface. 

Detection of Mercury. — To detect the presence of mercury in urine, Mayen 90 u 
a. Bergeret {L. Bharm. Chim. [4], xvii. 148) acidulate the liquid with a few drops of 
sulphuric acid, and suspend within it, for about half an hour, an iron nail attached to 
a platinum wire; then, after washing and drying the mercury precipitated on the 
wire, they introduce it into an atmosphere of chlorine, whereby it is converted into 
mercuric chloride, and demonstrate the presence of this compound by rubbing the 
wire with a piece of paper moistened with aqueous potassium iodide, whereby a bright 
red streak is produced. 

Estimation, — J. B. Hannay {Chem. Boo. J. xxvi. 565) has devised^ a method of 
estimating mercury volunietrically, depending on the fact that the precipitate formed 
by a few drops of ammonia in a solution of mercuric chloride, disappears completely 
on addition of a solution of potassium cyanide, whereby the mercuric chloride is con- 
verted into cyanide. The mercury must be in the form of mercuric chloride, into 
which, if previously precipitated as sulphide, it is easily converted by the^ action of 
nitromuriatic acid. A comparison of this method with the electrolytic estimation as 
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metallic mercury, showed that the reduction of mercury takes place most completely 
from the sulphate, less-’’ completely from the nitrate, in preseuce^iof free nitric acid, 
and least of all from the chloride, but that* complete reduction may be obtained by 
previously converting the chloride into cyanide by the action of potassium cyanide. 

Tuson a. Neison {ih^, xxxii. 679) modify this method l>y adding to the solution 
(either acid or neutral) a small quantity of ammonium chloride, then potassium 
carbonate, till a precipitate appears, and lastly the titrated solution of potassium 
cyanide, till the liquid becomes perfectly clear. By this modification the method is 
rendered applicable to the nitrate, sulphate, and other salts of mercury, as well as to 
the chloride. 

Another method of estimating mercury volumetrically is described by J. Volhard 
{Liebig^ s Annahn, cxc. 1 ), based upon the fact that mercuric salts decolorise the red 
solution of ferric thiocyanate, [quickly in all cases, but completely only when they are 
added in slight excess. A similar effect is produced by silver, and the volumetric 
method founded upon it will be described in connection with that metal. ^ In the ease 
of mercury the solution must be slightly acid, and the results obtained with it are not 
quite exact, but sufficiently so for most purposes. ^ 


Compounds of Mercury. 

Amalgrams. Observations on the behaviour of amalgams at temperatures a little 
above the boiling point of mercury have been made by E. de Souza {peut. Chem. Ges. 
Ber, viii. 1616). Bilver-amalgam heated to the temperature of boiling sulphur till its 
weight became constant was found to contain 12'61 to 12*74 per cent, mercury, answering 
to the formula Ag^^IJg. Gold-amalgam similarly treated retained 10*02 to 10*5 per cent. 
Hg, answering to Au*^Hg. 

By mixing 20 to 30 pts. of coj>]^er reduced by hydrogen with sulphuric acid and 
79 pts. of mercury, a mass is obtained which, when freed from sulphuric acid by 
boiling water, forms after 10 to 12 hours a moderately solid amalgam having the 
lustre and polish of gold and becoming plastic when heated {Moniteiir Scientijique, [3], 
vii. 312, 1877). 

Clilorldes. The resolution of calomel into mercuric chloride and metallic mer- 
cury is not complete at 440°, A gilt silver tube immersed in the vapour of calomel 
at this temperature, and kept cool by a stream of cold water running through it, be- 
comes coated with a grey film of caloihel mixed with only a small quantity of melallic 
mercury (Debray, Co^n^t. rend. Ixxxiii. 330). 

Mercuric Chloride has been found native in a volcanic district on Ternate, one of 
the Molucca Islands (Frenzel, Min. Mitth. 1877, 305). 

Mercuric chloride is reduced to mercurous chloride by the action of hypochlorites, 
the reaction being complete in boiling acid solutions (T. Eairley, Bcp. Br. Assoc, 
1875, [2], 42). 

Amidochloride. — The action of the halogen- elements on white precipitate and 
other chlorine-compounds of metallic amides has been examined by V. Schwarzenbaeh 
(Deut. Chem. Ges. Ber, viii. 1231), It is well known that when a mixture of white 
precipitate and iodine (2 grams white precipitate and 5*04 iodine = 5 at. I to 2 mol, 
precip.) is drenched with alcohol, an explosion takes place after a while (about 35 
minutes). If the alcohol be replaced by carbon sulphide, propyl alcohol, amyl alcohol, 
chloroform, or glycerin, no explosion takes place even after 24 hours ; but if the 
quantity of iodine be increased to the proportion of 6 at. to 2 mol. white precipitate, 
the addition of chloroform or amyl alcohol produces a sharp detonation within the 
liquid, without, however, shattering the vessel. The gas evolved in the explosion 
produced by alcohol is nitrogen. Chlorine gas likewise acts very strongly on white 
precipitate. When this substance in powder is introduced into an open flask filled 
with chlorine, it becomes very hot in a few minutes, acquires a wavy motion, and 
either explodes immediately, or more frequently exhibits a bright glow and a 
green flame which lasts for some time. Similar effects are produced with bromine. 
The chlorides, bromides, and iodides of the alcohol-radicles do not act upon white 
precipitate, at least at ordinary temperatures and in open vessels ; ethyl chloride not 
even at 30° and under increased pressure. Acetyl chloride produces acetamide, to- 
gether with a red body which is soluble in alcohol, and contains mercury, nitrogen, 
and chlorine. 

The action of iodine on white precipitate in presence of alcohol always produces 
nitrogen iodide ; the addition of a small quantity of phenol prevents this reaction, 
however, hut gives rise to the formation of a not inconsiderable quantity of iodoform. 
Phenol, iodine, and white precipitate without alcohol, do not produce iodoform. 
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Bromine acts like iodine, giving rise, with alcohol, phenol, and white precipitate, to 
the formation of bromoform, which maybe separated by distillation from the 
mercuric bromide simultaneously formed (C. Rice, Pharm, J. Titans. [3], vi. 765). 

Mercurous Xodide, Hg^P. The crystals of this compound have been examined 
by Des Cloizeaux ( rend^. Ixxxiv. 1418). It is completely isomorphous with 
mercurous chloride. The crystals, which are yellow when recently prepared, but turn 
brown on exposure to the air, are quadratic, exhibiting the faces coPco , OP and P, 
and are usually tabular from predominance of the two parallel prismatic faces ; those 
of P appear also very unequally developed. Axes, a\h—\ : 1’6726. Observed 
angles, P : OP = 67*5'^ ; P : P = 81® 16'; P : coPco =49° 22'. The crystals usually 
cleave with moderate facility parallel to OP, and exhibit strong positive double 
refraction. 

Mercuric Cyanide. Double compounds of this salt with the chlorides of the 
rarer earth-metals have been prepared by T. E. Ahl4n (Bull. Soo, Ghim. [2], xxvii. 
365). These compounds, which are represented by the general formula 
ROP.3Hg(CN)" + SH^O, are very soluble, and crystallise from solutions containing 
excess of the chibride ; they give off their water of crystallisation over sulphuric acid 
or at 100°. 


Cerium double salt . 
Lanthanum „ 
Didymium ,, 
Yttrium „ 


Erbium 


0eCP.3Hg(CN)28H20 

LaCP.3Hg(CN)28H20 

DiCP.3Hg(0N)28H20 

yCP.3Hg(0N)28H2O 


ErCP.3Hg(CN)2 8H20 


Asbestos-like needles. 

Colourless silky needles. 

Reddish flexible needles. 

Colourless radiate prisms, 
giving off only l^H^O 
over sulphuric acid. 

Reddish prisms resembling 
the yttrium salt. 


Zodate, Hg (10®)^. This salt is precipitated in the amorphous state on adding 
iodic acid to a solution of mercuric oxy cyanide : 


Hg20Cy2 + 2HI03 ^ HgCIO^)^ + HgCy^ 4- H^O. 


The same precipitate is obtained from a solution of mercuric nitrate or acetate, but not 
from the chloride. 

Mercuric iodate is a white amorphous powder, insoluble in water, and only slightly 
attacked by nitric acid, readily however by hydrochloric acid and the chlorides, 
bromides, iodides, cyanides, and cyanates of the alkali-metals, also by sodium thio- 
sulphate and by dilute solutions of the chlorides of manganese and zinc. It is insol- 
uble in potash, soda, and ammonia, sodium sulphide, borax, sodium phosphate, alkaline 
iodates, bromates, and chlorates, and in acetic, hydrofluoric, and silieo-fluoric acid. 
On evaporating a solution of the salt in an alkaline chloride, an iodate of the alkali- 
metal crystallises out flrst, then mercuric chloride, and when the solvent is in excess, 
a series of crystallised double salts is obtained. A solution of mercuric iodate in 
sodium thiosulphate yields, on addition of hydrochloric acid, a red precipitate which 
disappears in excess of the acid. The solution of the iodate in ammonium chloride 
gives with ammonia a white precipitate insoluble in excess (C. A. Cameron, Che7n. 
News, xxxiii. 253). 

Oxides. On the Heat of Formation of Mercurous and Mercuric Oxides, see Heat 
(p. 955). On the Heat of Combination of Mercuric Oxide with Acids, see pp. 
957, 998. 

On the Decomposition of Mercuric Oxide by Heat, see p. 1010. 

Mercuric Sulphide, HgS. Pi^eparation of Ver7mUio7i, — This modification of 
mercuric sulphide may be prepared by the action of sodium thiosulphate on mercur- 
ammonium chloride. A solution of mercuric chloride is poured into an excess of dilute 
aqueous ammonia, and a strong solution of sodium thiosulphate is stirred into the 
liquid in quantity rather more than sufficient to dissolve the resulting precipitate. 
On warming the solution in a basin, the separation of vermillion immediately begins, 
and the heating must be continued till the whole acquires a pasty consistence. The 
ammonia and sal-ammoniac contained in the solution appear to exert an essential 
influence both on the formation and on the appearance of the product; its appearance 
is likewise affected by the temperature kept up during the evaporation. At 50°-60° 
a lighter-coloured preparation is obtained than at 90°-100°. I’he finest vermillion is 
produced at 70°-80° (0. Hausmann, JDetit. Qhem, Ges. Ber. vii. 1746). 

L. Raab {N. Rep. Pharm. xxiv. 39) heats sublimed and finely-triturated calomel 
with a solution of sodium thiosulphate, decants the resulting black mercury sulphide, 
and drenches it with a solution of liver of sulphur (prepared from pure potassium 
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carbonate). The solution is then evaporated, with stirring, to complete dryness, and 
the residue when cold is washed with warm water till all soluble matters are removed. 
On again drenching it with solution of liver of sulphur, and evaporating down, the 
black mercuric sulphide passes into the red modification. 

Reactions. —I, Vermillion prepared in the wet way by digesting metallic mercury 
with ammonium pentasulphide is decomposed by light much more rapidly than 
sublimed Vermillion, the depth and rapidity of the blackening varying according to the 
nature of the supernatant liquid, the change being especially rapid under alkaline 
liquids (K. Heumann, Bar, vii. 750). 

2. Vermillion is rapidly decomposed by boiling with water and finely-divided 
ccyp^er, the products being metallic mercury, copper sulphide, and a dark-coloured 
powder insoluble in nitric acid, which is turned white by boiling with strong nitric 
acid, black again by contact with alkalis, and once more white by boiling with nitric 
acid. The white compound thus produced has the composition 2HgS.Hg(NO-'^)“, and 
is identical with the white precipitate formed by passing a small quantity of hydrogen 
sulphide into a solution of mercuric nitrate ; it may also be produced by digesting 
mercuric sulphide with a strong solution of the nitrate. The blackening of this com- 
pound arises from separation of mercuric sulphide. When moistened with caustic 
soda, it first turns yellow, then brown, and finally black ; if heat be applied, however, 
it turns black almost immediately. The black substance is an oxysulphide, Hg0.2HgS. 
Dilute acids dissolve out the oxide, and when the compound is boiled with strong nitric 
acid, the resulting mercuric nitrate combines with the separated sulphide, reproducing 
the white compound. The statements of Palm {Jahresb.f. Chon, 1862, 223) respecting 
the formation of red addition -products of cinnabar and mercuric salts are erroneous, 
nothing but white compounds being thus obtained. The decomposition of mercuric 
sulphide by copper is the cause of the well-known deterioration of the colour of 
Vermillion by contact with copper and brass: hence the means recommended by 
Karmarscli for preventing this deterioration, viz., exhausting the vormillion with a 
solution of pearlash, or bringing it in contact with water and slips of copper to 
remove admixed sulphur, are useless. 

Zino powder likewise decomposes mercuric sulphide even more rapidly than copper 
powder, vermillion prepared in the wet way being likewise in this case decomposed 
much more rapidly than sublimed vermillion ; the products are zinc sulphide, zinc 
amalgam, and metallic mercury. On adding vermillion to zinc powder previously 
drenched with hydrochloric acid, hydrogen sulphide is immediately evolved, and the 
colour is destroyed. This shows that mercuric sulphide is likewise decomposed by 
nascent hydrogen (Heumann, Bent, Chon, Ges. Bcr. vii. 752, 1388 and 1486). 

Mercuric sulphide is insoluble in caustic soda-ley and in sodium monosulpbide, 
but dissolves in a mixture of the two; with 2 pts. crystallised sodium sulphide, 2 pts. 
soda-ley of sp. gr. 1*33, and 1 pt. mercuric sulphide, an orange-red solution of 
mercury-sodium sulphide is obtained which filters readily. On heating this 
solution with water, black mercuric sulphide separates, and by adding a sufficient 
excess of water the whole of the mercury maybe removed from the liquid ; if, however, 
an excess of alkali is present, the complete precipitation of the mercury cannot be 
effected. Mineral acids, organic acids, and hydrogen sulphide produce an imnu'diate 
precipitate of black amorphous sulphide. If the liquid be left to itself in a loosely 
closed vessel, it absorbs carbonic acid, gives off hydrogen sulphide, and deposits, first, 
crystals of sodium carbonate mixed with 5 per cent, mercury sulphide, afterwards red 
and red-brown crystals of mercury sulphide, which are finer and more regular the 
more slowly the absorption of carbonic acid takes place. These crystals are hexagonal 
prisms or plates which react chemically like cinnabar (Mdhu, Buss. ZeiUohr. Bharui, 
1870, 321). 

Compound of Morouric Sulphide with Cuprous Chloride, 2HgS.Cu2Cl2 ~ 
Cl.Cu.S.Hg — Hg.S.Cu.01. — When red or black mercuric sulphide is boiled with a 
solution of cupric chloride, no reaction takes place at first ; hut, on adding strong 
hydrochloric acid, a brilliant orange-powder is immediately formed, whilst the liquid 
assumes a dark brown colour due to the formation of cuprous chloride, which dissolves 
with that colour in the excess of cupric chloride. The yellow precipitate contains a 
large quantity of admixed sulphur, which, however, may be easily removed by solution 
in carbon sulphide. The formation of this compound may be represented by the 
equation : 

3HgS -I- 2CuCP = 2HgS.Cu2CP -h HgCP + 

The formation of cuprous chloride is probably also partly due to another reaction 
represented by the equation HgS-f2CuCl- = HgCr--i- Cu-OP + S, partly to a secondary 
action of the excess of cupric chloride on the previously formed yellow body. (Strong 
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hydrochloric acid, boiled with the compound 2HgS.Cu-C/P, dissolves out cuprous 
chloride and mercuric chloride, with 'slight evolution of hydrogen sulphide. Dilute 
sulphuric acid exerts no action on the compound even at the boiling heat ; but the 
boiling concentrated acid decomposes it, with elimination of hydrogen chloride and 
sulphur dioxide, forming a compound of mercuric sulphate and sulphide. Caustic 
soda colours the yellow compound deep black, removing all the chlorine, and replacing 
it by oxygen, whence there results a mixture of 2 mol. HgS and 1 mol. Cu-0. Dilute 
hydrochloric acid heated with this mixture dissolves a large quantity of mercury but 
only a small quantity of copper, the reaction, as shown by direct experiment, taking 
place according to the equation : 

HgS + CuO — Cu“S + HgO. 

Cuprous or cupric sulphide digested with mercuric chloride yields nothing but the 
white compound 2HgS.HgCP (Heumann, Deut. Chem, Ges. Ber, vii. 1390). 

Analysis. — ^For the quantitative analysis of native cinnabar, Fr. Cramp (J. pr. 
Chem. [2], xi. 77) oxidises it with nitric acid of sp. gr. 1*4: in a sealed tube at 120°, 
whereby complete solution is effected. 

An analysis by C. W. Dabney of native cinnabar from Canyon City, Oregon, has 
been published by J. W. Mallet {Chem. News, xxxiv. 180). This cinnab^ is remark- 
able for giving off hydrogen sulphide when treated with hydrochloric acid, then 
yielding a small quantity of sulphur when heated in a sealed tube, then again giving 
off hycfrogen sulphide when heated with hydrochloric acid, which, at the same time, 
dissolves iron. The analysis of the mineral, which forms veins in calcspar, gave : 


Hg SC) 

78*42 0*54 

Q) Griven off as H“S. 


S (0 Fe SiO“ 0 C) 

13*59 4*09 3*06 0*30 = 100. 

C) In the residue. C) By difference. 


The double reaction is explained on the supposition that the iron is present partly as 
magnetic pyrites, partly as iron pyrites. Supposing part of the sulphur to be com- 
bined witb the mercury as HgS, then calculating the quantity given off in the form of 
H-S as Fe’S®, the remaining sulphur as FeS-, and the rest of the iron as Fe-O®, we 
have: 

HgS Fe’S“ FeS“ Fe»0“ SiO» 

90*97 1*37 1*95 3*36 3*06 = 100*71. 


To the presence of similar mixtures of iron sulphides containing different proportions 
of sulphur, Mallet likewise attributes the differences in the analyses of cinnabar from 
other localities {e.g. from Japan, analysed by John), which have given, instead of 
32 pts. sulphur, as much as 44*64 pts. to 200 of mercury. 

IVCBRCXrB'Y'-ACSTAXaXBi:, C^H^N^O^Hg = (CH».OO.NH);Hg. This com- 
pound, produced by saturating an aqueous solution of acetamide w*ith mercuric oxide 
(i. 7), is decomposed by heating to 100° in sealed tubes with carbon disulphide, yielding 
mercuric sulphide, carbon oxysulphide, aeetonitril, and acetamide : 

(CH3.CO,HH)2Hg + CS2 = HgS + CS(NH.CO.CH 

Diacetyl-tMo- 

carbamide. 

and 

CS(NH.CO.CH3)2 = CSO + CH^.CN + NH^.OO.CH^ 

Iodine (not in excess) and thiocarbanilide likewise separate large quantities of acet- 
amide from its mercury-compound. Mercury-acetamide is completely decomposed by 
hydrogen sul’phide in alcoholic solution, behaving, therefore, with various reagents in 
the same manner as mercury-benzamide. Both these compounds are also decomposed 
in a similar manner by dry distillation, yielding large quantities of the acid amide, 
together with water, ammonia, carbon, and metallic mercury ; the benzamide-compound 
also yields benzonitril (Oppenheim a. Pfaff, Deut. Chem. Ges. Ber. vii. 623). 

Phenyl-merczcraoetamide or Mercuracetanilide, (CH^.CO.N.C®H^)'^Hg, is 
formed by fusing acetanilide with mercuric oxide, and crystallises from alcoholic 
solution in small colourless needles which melt, with partial decomposition, at 215°, 
and are completely decomposed by hydrogen sulphide. 

MEXtCUBV-BXSnrZAMXBX:, (C‘*H®.CO.]S'H)2Hg. See Benzamide (p. 155). 

SUEBCtTBir-BlCTriVIirii, (C‘°H‘3)2Hg, is formed by heating a mixture of 
bromocymene and xylene with sodium-amalgam, with addition of a little acetic ether. 
It forms long slender needles, which melt at 134°, and dissolve with moderate facility 
in boiling alcohol, very sparingly in cold alcohol, more readily in benzene and in 
xylene. It volatilises without decomposition. 

MERCITBTr-PKEXflrYBXAWTKAIWEIBE. See XANTHAmuE. 

VoL. VIII. 4 0 
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I^EIICVRY TBXOCYAig'ATS. See Thiocyanates. 

MBSACOirxc ACXX>, See Pyeociteic Acids, under Cithic Acid 

(pp. 511, 518); also Ptrotaetaeic Acid. 

IMCESADZBHOBIOPYBOTARTARXC ACIB. See Pteotaetaeic Acid. 

MSSXBXITB. See Mesitylenbs (Amido-) ; also Cumidine (p. 592), 

syCBSITOXi, C°JE[*-0==0®H^^0H (Biedermanu a. Ledonx, jDcw^. Chem, Ges, Ber. 
Yiii. 57). Mesidine nitrate, treated with nitrous acid, yields a solution of diazo- 
mesitylene nitrate, aJnd on distilling this solution, a large quantity of gas is given off, 
and mesitol passes over with the aqueous vapour, solidifying partly in the con- 
densing tube, partly in the receiver. Mesitol is also formed, together with another 
body, most probably oxymesitylenic acid, by fusing potassium mesitylenesulphonate 
with potassium hydroxide. On acidulating the melt with sulphuric acid, and distilling 
with water, the mesitol passes over with the steam at the beginning of the distillation. 

Mesitol has a strong odour of phenol, dissolves very easily in alcohol, ether, and 
benzene, floats on water, volatilises very readily with aqueous vapoui^ and crystallises 
at the same time in very beautiful long white needles. It melts at 68°-69®, and 
boils at 215°-220^.* Mesitol dissolves very easily in the fixed alkalis, and is pre- 
cipitated therefrom in the crystalline state by hydrochloric acid. It does not dissolve 
in ammonia or in alkaline carbonates. No nitro-derivatives of it have been obtained. 
Treated in acetic acid solution with hromme, it forms monobromomesitol, which 
is precipitated by water in white flocks, and crystallises from alcohol in slender needles 
having a silky lustre and melting at 80°. 

nxzssXTYIi OXXBB, This compound is formed, together with other 

products, hy the action of zinc-methyl or zinc-ethyl on acetone (Pawlow, Deut. Chevu 
Ges. Ber. ix. 1311) ; also in small quantity, togetlier with ammonia and other bases, 
by the distillation of diacetonamine {Keintz, Liebig's An7ialen, clxxiv. 133; clxxxi. 
70 ; Ber. viii. 768). 

Mesityl oxide, as well as phorone, is converted by strong sulphuric acid, for tiie 
most part, into mesitylene (Claisen, vii. 1168). By prolonged boiling with 
dilute nitric aoid^ resinous products are formed at first, afterwards acetic and oxulic 
acids. Bromine acts violently on mesityl oxide, with evolution of hydrogen bromide ; 
but a solution of mesityl oxide in carbon sulphide takes up bromiue directly, forming 
the compound C^^H^^O.BrA As the solvent evaporates, this dibromide remains in tlie 
form of a dark-coloured oil which becomes yellowish on distillation with steam. It 
is, however, only comparatively permanent under water ; in the dry state it assumes, 
after a few hours, a deep violet colour, and slowly gives off hydrogen bromide. It 
cannot be distilled even in a vacuum. An alcoholic solution of mesityl oxide is strongly 
attacked by sodium-a7mlgam ; and if, after the odour of the mesityl oxide is no longer 
perceptible, the solution be precipitated with water, and the oil thereby thrown down 
be subjected, after drying, to distillation, the greater part (f of it) passes over between 
205° and 225°, and of this the principal fraction at 213°--217°. This fraction has 
the composition Sometimes, also, there is formed a small quantity of a solid 

body which melts between 110° and 120° (Claisen, Ber. viii. 1256). 

lWBSXTYX.EHrE, CSH3(CH3)'* [1 : 3 : 6], and BSEUBOCXnvCBWE, 

[1:2:4] (Jacobsen, Liebig's Annalen, clxxxiv. 179; Ber. ix. 256; x. 855). 
These two modifications of trimelhylbenzene occur together in coal-tar oil, and 
cannot be effectually separated by the usual methods of fractional distillation, or 
fractional crystallisation of the barium salts of their sulphonic acids. The separation 
may, however, be effected by converting them into the amides of their sulphonic acids. 
Por this purpose, the portions of commercial cumene from coal-tar oil, boiling between 
160° and 168°, and freed from phenol, are agitated with ordinary sulphuric acid, and 
the resulting sulphonic acids are converted into barium salts and then into sodium 
salts ; the latter in the state of dry powder are triturated with an equal weight of 
phosphorus pentaehloride ; the product is freed from phosphorus oxychloride by 
heating ; and the residual semifluid mass, when cold, is added to a large excess of 
concentrated aqueous ammonia The resulting sulphamides, which harden after a few 
days to a crystalline mass, are washed with water, dissolved in alcohol, and separated 
from one another hy distilling off the alcohol and leaving the residue to crystallise, 
whereupon the pseudocumenesulphamide crystallises out first, and then the mesity- 
lenesulphamide. 

To obtain the hydrocarbons from these sulphamides, the latter are heated in 

» Fittig a. Hooegewerff (Liebig’s Annalen, cl. 323), by beating potassium mesitylenesulphonate 
■with potash, obtained a phenol to which they assigned the formula (xylenol, vi. 1128) . It is 

d^cribed as melting at 70°-73°, boiling at 216°-217°, and 3 rielding with bromine a dibromo-derivative 
which Biedermann a. Ledoux were not able to obtain 
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sealed tubes with strong hydrochloric acid, the mesitylenesulphamide to about 160®, 
the pseudocumenesulphamide to about 170°. The hydrochloric acid must be used in 
considerable excess, as otherwise the products will consist of the corresponding 
dimesitylene- and dipseudocumene-sulphaiuides, especially if the temperatTire required 
for the decomposition be not continued long enough. 

The mother-liquors of mesitylene and pseudocumene thus obtained, yielded, when 
treated as above described, suiphamides melting respectively at 130° and 100°-102° ; 
and both of these suiphamides, when heated with hydrochloric acid, yielded one and 
the same hydrocarbon, boiling at 1 38°-140°, which is the boiling point of metaxylene. 
Crude coal-tar cumene contains, therefore, only two trimethylbenzenes, viz. mesitylene 
and pseudocumene ; and the great difficulty of separating these two hydrocarbons 
arises from the fact that they obstinately retain, not, as might be expected, a third 
trimethylbenzene, but a dimethylbenzene, viz. metaxylene. That the separation of 
the two trimethylbenzenes cannot be effected through the medium of the barium salts 
of their sulphonic acids is due to the formation of a molecular compound of these two 
barium salts, which may, in fact, be directly obtained by crystallising the two together 
(p. 1285). 

Mesitylene is also formed: a. By the action of strong sulphuric acid on 
mesityl oxide and on phorone (from acetone) (Claissen, Ber. vii. 1168). j8. By 
polymerisation of allylene, OH® — C^CH (prepared by the action of alcoholic potash 
on propylene bromide, and purified by conversion into the copper compound) under 
the influence of strong sulphuric acid. The allylene is absorbed by the acid in 
large quantity, forming a brown-yellow solution, which when diluted with a little 
water and distilled, yields a distillate consisting of two layers, the upper of which is 
nearly pure mesitylene. The polymerisation of the allylene takes place, not during 
its absorption by the sulphuric acid, but in the subsequent distillation (Fittig a. 
Schrohe, Ber. viii. 17; Jacobsen, ibid. x. 855). 

JSfitro- and Aonido-mesitylenes (Ladenburg, Ber, vii. 1133 ; Liebig's Annalen, 
clxxix. 163). — Dinitromesitylene is converted by ammonium sulphide into the nitro- 
mesidine, C®H(CH^)®(NO‘'^)(NH2), discovered by Maule (iii. 930), which melts at 
72°-73°, and crystallises in large thick yellow prisms when left to cool slowly from 
the state of fusion. By the action of acetyl chloride it is converted into nitro- 
acetyl-mesidine and hydrochloride of nitromesidine : 

2C«Hi«(NH2)(N02) + Cm^OGl = O»H'0(NH.C2H3O)(NO’0 + 
C«H»o(NH2)(N02).HCl. 

The quantity of nitroacetyl-mesidine is however greater, and that of nitromesidine 
hydrochloride less than that which corresponds with the preceding equation ; the 
nitromesidine hydrochloride may be dissolved out of the crude product by warm 
water. 

Nitroacetyl-mesidine forms nearly colourless needles having a silky lustre ; it 
melts at 188°, and distils without decomposition ; dissolves easily in warm alcohol 
even when dilute. By fuming nitric acid, or better by a mixture of nitric and sulphuric 
acids, it is converted into dinitro-acetyl-mesidine, C‘’H®(NHC“H®0)(N0^)^, 
which crystallises from hot alcohol, in which it is but slightly soluble, in shining 
white needles melting at 275°. The dinitromesidine, C®H®(NH“)(NO'0^ obtained 
by heating this acetyl-compound to 160° with hydrochloric acid, melts at 193°-195°, 
and is identical with that which Fittig obtained (vi. 300) by reduction of trinitro- 
mesitylene. On drenching it with alcohol saturated with nitrous acid, it becomes very 
hot, so that it is necessary to add the alcohol only gradually and to moderate the action 
by cooling. The resulting dini tromesitylene, C®H‘®(NO''^)“, forms nearly colour- 
less shining needles, melts at 86°, and is identical with the dinitromesitylene discovered 
by Hofmann (iii. 930). 

Mononitromesitylene, C®H"(N02) = C®H2(N02)(CH®)®.— The mode of preparing this 
compound given by Fittig and Storer (vi. 299) yields it in small quantity only. Larger 
quantities are obtained by distilling with steam the oil which remains when the last 
mother-liquors of the preparation of dinitromesitylene are left to evaporate. The 
same nitromesitylene is obtained by converting dinitromesitylene into nitromesidine, 
and treating the latter with nitrous acid and alcohol. It melts at 42°, and boils at 
255°. By tin and hydrochloric acid it is reduced to amidomesitylen e, C®H^’(NH“), 
boiling at 229°-230°, and remaining liquid at — 15°. The ^latinooJiloride of this base, 
(C^H“NH2.HCl)2PtOF, is nearly insoluble in hot water, and crystallises from strong 
hydrochloric acid in needles having a golden-yellow shimmer. 

Acetylamidomesiiylene, C®H”(NH2C2H20), prepared from the preceding base by 
the action of acetyl chloride, or by heating with glacial acetic acid, melts at 216°-217'^, 
and sublimes in needles without decomposition. It dissolves in nitric acid of sp, gr. 
1-4, and is precipitated therefrom by water without alteration. If, however, it be 

4o 2 
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added to fuming nitric not too Mglily concentrated, and the liquid be gradually mixed 
^ith water, nitro-acetyl-mesidine gradually separates. The nitro-base thus produced 
crystallises from alcohol in white needles melting at 186°-188°, and is identical with 
the nitro-acetyl-mesidine obtained, as above mentioned, by acetylisation of nitro- 
mesidine. Like the latter it yields, when heated to 160° with hydrochloric acid, the 
nitromesidine which melts at 74°. 

Mesitylene-acediamine, C9H*o(NH.C2H30)-’, is obtained by boiling mesitylene 
diamine, with glacial acetic acid. It melts at a temperature above 300°, 

and is nearly insoluble inwaterand in dilute hydrochloric acid (Ladenburg,.5fir.,viii, 677)* 

Mesitylenesul'phonic acidf C®H^*(SO^H) = C®H-(OH^)^(SO\OH), crystallises 
in prisms containing 2 mols. H^O. Barium Mesitylenesul^phonate, (C^H"SO^)^Ba-i- 9H“0, 
is obtained, by slow evaporation of its solution, in large monoclinic tables ; by more 
rapid crystallisation in long flat prisms acuminated on both sides, 6*53 parts of which 
dissolve in 100 pts. water at 11*5°. At the same temperature 4T9 pts. of the an- 
hydrous salt dissolve in 100 pts. of water (Jacobsen). 

Mesitylene stil^Jiamide, crystallises 

from alcohol as a white, long-fibred, asbestos-like mass, from hot water in capillary 
needles. 1 part of it dissolves in 185 pts. boiling water, and in about 3000 pts. water 
at 0°, in 0*88 pt. boiling alcohol of 83 per cent., and in 18 pts. of the same alcohol 
at 0°. In ether it is less soluble than in alcohol ; it dissolves also in strong sulphuric 
acid and in alkalis. Melting point 141 °-142° (Jacobsen). By oxidation with potassium 
dichromate and sulphuric acid it is converted into parasulphamine-mesitylenic 
acid, C«H2(OH3)^(S02OT2)(C02H:). See Mesittlenic acid (p. 1285). 

Bime^tylenesulplumidet (C®H^^S02)2NH, formed by heating the preceding com- 
pound with hydrochloric acid not in excess, and not long enough to effect its complete 
decomposition (p. 1283), is moderately soluble in hot water, and crystallises thorofrom 
in needles which melt at 124°, and are partly decomposed on volatilisation (Jacobson). 

Pseudocumene or trnsymmetrical Trimethylbenzene, 

12 4 

is obtained : 1. Erom coal-tar cumene in the manner already 
described (p. 1282), or more simply by agitating the crude coal-tar cumene with 
strong sulphuric acid, mixing the acid mass with about five times its hulk of water, 
syphoning off the layer of dilute sulphuric acid which sinks to the bottom, diluting 
the remaining liquid with four times its bulk of water, and leaving the clear warmed 
solution to crystallise, whereupon it deposits cubes of pseudocumonesulphonic acid. 
These, when purified by crystallisation and heated, yield a distillate of pure pseudo- 
cumene (Jacobsen, Ber, ix. 258). 2. By dehydration of phorono ’with phosphoric 
anhydride,* = 100 pts. phorone (from acetone) are heated in a 

sand-bath with 75 pts. phosphoric anhydride mixed with twice its weight of sand, the 
mixture being slowly distilled to dryness and the distillate fractionated. The 
greater part of it is found to consist of pseudocumene, identical in its properties with 
that obtained from coal-tar oil (Jacobsen, Ber. x. 855). 3. By the action of methyl 
iodide and sodium at 100° in a reflux apparatus on the dibromotoluene, 
C®.OH®.Br.H.Br.H^ prepared by exposing a mixture of ortho- and para-bromotoluene 
to the action of bromine and iodine in sunshine (Fittig a. Jannaseh, Liebig's Annaleu, 
cli. 283 ; Jannaseh, %id, clxxvi. 283). 4. As a bye -product, in the preparation of 
durene (tetramethylbenzene) from dibromoxylene, methyl iodide, and sodium (Jan- 
nasch, loo. cit.) 

Pseudocumene boils at 166°, and is oxidised by dilute nitric acid to paraxylic acid, 
C«H«(CH»)2(C02H), and xylidie acid, CeH3(CH3)(CO"H)" (vi. 1129). 

Bseudocumenesulphonic acid, C®.CH^.CH^.H.CH^H.SO^B[. — The barium 
salt of this acid separates from solution at ordinary temperatures in anhydrous 
crystalline scales ; but on leaving its solution to evaporate over sulphuric aciA at a 
temperature between 0° and 5°, the salt separates in limpid rhombic tables or rhom- 
bohedral crystals which contain 2 mol. water and effloresce very easily. 

When the barium salts of pseudocumenesulphonic and mesitylenesulphonic acids, 
previously deprived of their water of crystallisation, are crystallised together in mole- 
cular proportions, there is obtained, whether the crystallisation takes place at the 
ordinary or at a lower temperature, an anhydrous double salt composed of pseudo- 
cumenesulphonate and mesitylenesulphonate of barium ; this result confirms what has 
already been said (p. 1283) about the difficulty of separating the two hydrocarbons by 
means of their barium sulpkonates. JOO pts. water at 11 -5° dissolve 5'8l pts. of this 
double salt. 

* Phorone dehydrated by sulphuric acid yields, as already observed, mesitylene instead of pseudo - 
cumene (p. 1283). 
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P&eudooiimenesul^hamide, from alcohol in short 

hard prisms, from hot water in laminse, and melts between ITo'^ and 176°. One part 
of it dissolves in 380 pts. of boiling water, in about 7000 pts. of water at 0°, 
and in 4*4 pts. of 83 per cent, alcohol at 0°. It is less soluble in ether than in 
alcohol, and behaves to strong sulphuric acid and alkalis like mesitylenesulphamide. 

3yEESITiri.BM-3S, H03MC0Zi0Gt7ES OP (Jacobsen, Ber. vii. 1430). These 
bodies are derivatives of benzene containing three alcohol-radicles, in the 

symmetrical positions 1,3, 5. The formation of a hydrocarbon having the composition 
in the preparation of mesitylene was observed some years ago by Fittig a. 
Briickner {Lieb. Ami. exlvii. 42), and by Jacobsen {ibid, cxlvi. 85), and the formation 
of a sulphonic acid yielding a sparingly soluble barium salt (like that of the sulpho- 
acid from the hydrocarbon just mentioned) was noticed by H. Rose {ibid. 

clxiv. 53). It appeared probable that the source of this hydrocarbon 'was to be found 
in the methyl-ethyl ketone which Fittig had detected in crude acetone ,* and in fact 
Jacobsen found that pure acetone did not yield any homologues of mesitylene, but 
that when mixtures of pure acetone (b. p. 58°-59‘5°) with methyl-ethyl ketone were 
subjected to the process usually adopted for the preparation of mesitylene, large 
quantities of higher hydrocarbons (b. p. 170°-230°) were obtained, from which, by 
fractionation and further- methods of purification, three hydrocarbons were isolated, 
represented by the formulae and 

Dimethyl ethylbenzene^ = C®H^(CH^)^(C2H®), boils at 180°-182°, and 

yields on oxidation mesitylenic acid and a little uvitic acid. Its sulphonic acid 
crystallises in large needles, and yields a barium salt wliich crystallises in pearly 
scales. As it is but sparingly soluble in water, it is easily separated from barium 
mesitylene-sulphonate, and therefore well adapted for the preparation of the pure 
hydrocarbon. TTibfomodimethyleihylbenzene is sparingly soluble in alcohol, and crys- 
tallises from a hot solution in thin long needles melting at 218° ; it readily sublimes, 
and distils above 360°. Trinitfodimethylethylbenzene crystallises from hot alcohol in 
hard, long needles melting at 238°. 

MethyUiethylhenzene, C”ffs=0«H3(CH«)(C2Hs)2, boils at 198°-200°. On 
oxidation it yields chiefly uvitic acid, and its tribromo-compound crystallises from hot 
alcohol in needles melting at 206°. 

Triethylbenzene, C®H^(O^H®)® is obtained in small quantity only by 

the process above mentioned, much more abundantly (as also metliyldiethylbenzene) 
from those fractions of crude acetone which pass over above 65° ; in very small 
quantity, on the other hand, by treating nearly pure methyl-ethyl ketone with sul- 
pJiuric acid. It boils at 2l7°-220°, and is oxidised by chromic acid to trimesic acid. 

Methyl<lipro^yl-benzene, = 0®H^(OH*)(C®H’)“, is obtained, together 

V\t\\ Dimethyl-propyl-benzene, C'^H*® = C®H^(CH^)2(O^H^), and mesitylene, by 
carefully distilling 2 vols, methyl -propyl ketone (b.p. 104°-110°), and 4 vols, acetone 
with 3 vols. sulphuric acid, and subjecting the portions of the product which boil 
between 190° and 260° to repeated fractional distillation over sodium. Bimethyl- 
propyl-benzene bnils at 206°-210° ; methyl-dipropyl-beuzene at 243°-248°. The former 
when boiled with dilute nitric acid (sp. gr. IT) yielded mesitylenic acid, with scarcely 
any secondary products ; the latter gave nothing but uvitic acid, together with a very 
small quantity of an acid which volatilised with vapour of water. 

The products of still higher boiling point did not yield any tripropyl-benzene ; 
neither were higher homologues of mesitylene obtained by the action of sulphuric acid 
on methyl-propyl ketone, or methyl-isobutyl ketone, or methyl-cenanthol (Jacobsen, 
Ber, viii. 1258). 

lMCESXT3rEEHXC iLCXB, 

13 5 

CoHioQs = C«H2(CH»)2(002H) = C^.CO^H.H.CmH.CH^.H. 

This acid is formed, together with a very small quantity of uvitic acid, by 

boiling symmetrical dimethylethylbenzene (p. 1285) with nitric acid of sp. gr. IT 
(Jacobsen, Ber. vii, 1430 ; Wroblewsky, ibid. ix. 495). 

Bar asulphcLinine-mesitylenic acid, 

1 3 4 5 

C®H2(qh=^) 2(S02NH2)C0“H = Cfi.G0-'H.H.CH^S02RH2.CH^H, 

is produced by boiling mesitylene-sulphamide for five hours with potassium dichromate 
(7 pts.) and sulphuric acid (10 pts. diluted with 3 vols. water). It crystallises from 
its aqueous solution in flat irregular prisms ; melts at 247° ; dissolves easily in alcohol 
and ether, sparingly in boiling water, and is nearly insoluble in cold water. The 
barium salt is very soluble and difflcult to crystallise. The copper salt^ 
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[C®H-(CH^)-(S02NH*)C02J2Cti + 4H-0, is precipitated from the solution of the barium 
salt by cupric sulphate in small blue needles, which, after drying in the air, give oif 
water over sulphuiic acid, and recover it on subsequent exposure to the air ; at 200° 
the salt becomes light-green, loses all its water, and is afterwards not altered by con- 
tact with the air. 

By heating with concentrated hydrochloric acid, parasulphamine-mesitylenic acid 
is partly converted into mesitylenic acid, which may be separated from the unaltered 
acid by sublimation (Hall a. Remsen, Bet. x. 1039). 


M£SOCilM;PKOZZ.ZC iLCIB, Jungdeisch {Bct. vi. 268), by heating 

dextrocainphoric acid with a little water to 170°“180°, has obtained an inactive 
camphoric acid which he has not been able to separate into dextro- and Isevo-acid. It 
crystallises in tufts of needles, and appears to be identical with mesocampboric acid 
(vii. 235). Another modificatipn, likewise inactive, and _ apparently identical with 
Chautard’s paracamphoric acid (vi. 389), is formed by heating camphoric acid to 280°. 
F. Wreden (H<?r. vi. 565) remarks that mesocampboric acid, which he also regards as 
identical with Jungdeisch’s acid, is, according to his own experiments, very easily 
converted into another inactive modidcation, probably identical with'^bhe second acid 
obtained by Jimgdeisch. 

METAClWNAIVrEWB or XVaETASTYROEEMTE, C®H«, is formed, together 
with einnamene and other products, by heating phenylbromethyl with an alcoholic 
solution of potassium cyanide (Eadziszewski, Ber, vii. 140). 

METACKOXiEXK', nC®H‘‘0. This polymeride of acrolein, which Genther a. 
Cartmell obtained by beating acrolein hydrochloride with potassium hydrate, is like- 
wise formed, together with ethoxyl- acrolein, C®H®0- = C^H®(0C2H^)0, and other pro- 
ducts, by heating the same salt with sodium ethylate (Taubert, p. 42 of this volume). 

C(NH)— NH(C«H^) 

METACYAETAETXXiXIfE, = | 


0(NH)— NH(C«H'^) 

[NH : CNH=1 : 3]. This modidcation of cyananiline, which melts at 54°, is 
obtained by distilling uramido-benzoic acid with a fourth of its weight of phosphoric 
anhydride. Para-uramidobenzoic acid, similarly treated, yields paracyananilino molting 
at 86° (Griess, Be,r. viii. 1114). 


META-DERXVATZVES, AR03MCATXC (1 .* 3). This article includes ri num- 
ber of meta-derivatives which have not been noticed under the respective primary 
compounds, and references to a few others, which otherwise might not easily bu found. 


Metamiiohensoyl-carhamid e, G^HWO- = H-H.CO.NH.CO — 


See Caebamides (p. 394). 

Metahromaoiiline, See Benzenes (Beomamido-), p. 193. 

MetahTomohenzyl Bromide, C®H'^Br.CIPBr = C®.CH'-^Br.H.Br.H^ See Ben- 
zyl, Haloed Ethees of (p. 314). 

Metachlor-orthonitr aniline, C®.NHhNO^.H.H.Cl.H. See Benzenes (Culoro- 
NITRAMIDO-), p. 202. 

MetacJilor-ort'kO'^oxyhenzoic or Metaehlorosalicylio acid, 
C®.CO-H.OH.H.H.Cl.H (m. p. 172-5°). See Benzoic acids (Oxy-), pp. 280, 300. 

Meta-cresol, C'tOH.H.CH^Hb See Phenols. 

Met a- cy aniline. See Phbnylaminbs. 

Metadihromohenzidine, See Metazoxydibeomobe:nzbnb 

(p. 1287). 

Metadicyanohenzene, C®H‘‘(CN)^ obtained by distilling the potassium salt of 
benzene-metadisulphonic acid (p. 251) with potassium cyanide, crystallises in dliform 
needles, very soluble in water and melting at 156° (Korner a. Monselise, Gazz, cMon. 
ital. 1876, 133) ; according to Limpricht (Liebig's Annalen, clxxx. 88) it forms nodular 
groups of needles melting at 150°. 

Meta-hydrazodibromohenzene. See Metazoxydibeomobenzenb (p. 1287). 

Metanitrobenzoyl- carbamide, C®.NH-.H[CO.NH.OO.NH-].H^ (see the corre- 
sponding Amido-compound, sii'pra),. 

Meianitrobenzyl Bromide, C®HXNO").CH-Br- C®.OH2(NO-).H.Br.H‘b See 
Toluenes (Hitro-). 

Metanitro-orthochlor aniline, C®.'NH-.H.HO“.H.H.01. See Benzenes 
Chloeonitramido-), p. 203. 

Meta-oxy'p'kenyl-nr ethane, C-II-’O.CO.HH(C®II‘)OIT. See TJeetiianes. 
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Meta~oxyuvitic acid. See Oxyuvitic acid. 

Metajyhenylene’-diamine, See Benzenes (Diamido), 

(p. 210). 

Metazocarhoxylhenzene - Metadimetliylamido oarhoxylhenzcney or 
Carhoxylphenylriietazodimethylamidohe^izoic acid, 

IS formed by the action of metadiazobenzoic acid on metadimethylamidobenzoic acid. 
It is a reddish-brown precipitate, gradually becoming crystalline, and possessing 
great tinctorial power (Griess, Ber. 1877, o25). 

Metazoxydihromohe^izene^ C‘^H^Br-N-0, is prepared by heating 13 pts. 
metabromonitrobenzene (m. p. 63°), with 50 pts. alcohol (of about 90 per cent.) and 
8 pts. potassium hydroxide ; boiling the product for half an hour after the reaction 
has ceased, then distilling off the alcohol, washing the residual brown-red crystalline 
mass with wat^ or alcohol, to remove a red colouring matter, and recrystallising it 
from hot alcohol with addition of animal charcoal, or better from boiling crystallisable 
acetic acid containing nitric acid. It forms broad, light-yellow prisms, melting at 
111°-112°, soluble in ether, glacial acetic acid, carbon sulphide, benzene, and nitro- 
benzene ; volatilises completely when heated ; and forms with strong sidphuric .acid a 
deep yellow solution, turning blood-red when warmed (S. G-abriel, Ber. ix. 1405). 

Metahy dr azodihromohenzene^C obtained by boiling th e preceding 
compound with ammonium sulphide, forms white or faintly reddish thick prisms, 
melting at 107°-109°, easily soluble in ether, benzene, warm alcohol, carbon sulphide, 
and nitrobenzene. It volatilises without decomposition, and dissolves with yellow 
colour in strong sulphuric acid. The hydrazodibromobenzene w'hich melts at 130° is 
a para-compoimd. 

When metahydrazodibromobenzene is boiled with strong hydrochloric acid till 
complete solution takes place on addition of water, and the solution, after decolorisa- 
tion with animal charcoal, is supersaturated with ammonia, metadihromobenzidine, 
O^'H'^N^Br^ is obtained in white crystals of rhombic hahit, melting at lol'5^ to 152°, 
easily soluble in hot alcohol, also in ether, benzene, and nitrobenzene, sparingly in 
carbon sulphide. The crystals volatilise w'hen heated, turning slightly brown. The 
hydrochloride, C’‘-H^°N-Br-.2HC1, forms white crystalline scales. The platinochloridc 
has the formula 2(C»2B[iojBr2N'^.HCl).Pt01h 

Azodihromohenzene, C'-’H^Br-N^, prepared from metahydrazodibromobenzene 
by oxidation with ferric chloride, or by boiling the alcoholic solution of the same com- 
pound with animal charcoal, crystallises in slender needles with oblique end-faces ; 
melts at 125*5° ; volatilises without decomposition ; dissolves easily in carbon sul- 
phide, ether, and nitrobenzene, sparingly in alcohol. 

Metazoxydiiodobenze^ie, 10 pts. iodonitro- 

benzene (m. p. 56°) with 50 pts. alcohol and 8 pts. potassium hydroxide, forms flat 
yellow needles, wdiich volatilise completely w*hen heated ; they are sparingly soluble 
in cold, easily in hot alcohol, easily also in the other ordinary solvents. Heated to 
100° in a sealed tube with alcoholic ammonium sulphide, this compound is converted 
into metahydrazodiiodohenzG7ie, which melts at 89°-90°, dissolves readily 

in the ordinary solvents, and is decomposed by hydrochloric acid, with separation of 
iodine. Metazodiiodohenzene, prepared from the last by oxidation with 

ferric chloride, crystallises in orange-red needles with oblique end-faces ; melts at 
150°; dissolves slightly in alcohol, easily in the other ordinary solvents ; volatilises 
when heated (G-ahriel, loc. cit.) 

MSSTABIABASB, MSTAB01LBBITB, and METAMBlrAPKlTBE. 

See Meiaphyee (p. 1272). 

MBTABS. Formation in Veins. — Experiments by St. Meunier {Compt. rend. 
Ixxxiv. 638) on the reduction of the noble metals by metallic sulphides, tend to show 
that the presence of gold in iron pyrites, and more especially that of silver in galena, 
may he due to reactions of this kind. When sea-water acts on a vein of galena, the 
small amount of silver which the water contains may become concentrated in the 
galena. The separation of sulphur which accompanies this reaction may lead to the 
formation of silver sulphide or to the persulphuration of the lead sulphide. On the 
supposition that the same reaction nmy be exerted by sodium sulphide, Meunier 
suggests that sulphuretted mineral springs may play a certain part in the formation 
of mineral veins. 

On the Electrodeposition of Metals on other Mehils, see Blnyl, pol. J. ccviii. 
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340,466; Jahresh.f. Chem. 1873, 1007.— Ce7itr. 1874, 1680; Bingl. pol J, 
cexi. 74; ccsii. 160, 440; ccxiii. 170, 358; Jahresb. 1874, 1092-1095). On the 
Coating of Iron with Copper, see p. 1118 of this volume. 

Casting of Metals wider reduced Pressure. — To obviate the defects arising from the 
enclosure of air-bubbles between the metal and the surface of the mould, Cumin a. 
Martel (Engineering, Dec. 20, 1872 ; Pingl. ccvii. 259) exhaust this enclosed gas at 
the moment of casting by means of an air-pump. The sides of the mould must, of 
course, be porous enough to give passage to the air. Such moulds may be formed of 
gypsum, mixtures of gypsum with graphite or alum, or of graphite alone. 

Action of Water cooitammg Soap, Jlbimim, Glycerin, or other Organic Substances, 
on Bed-hot Metals. — Metals at a red heat are not suddenly cooled by immersion in 
water containing such substances. When, for example, a red-hot copper ball is 
plunged into soap-water, the rapid production of steam which would ensue on dipping 
the hall into pure water does not take place. The ball, in fact, continues to glow in 
the soap-solution, and is surrounded by a layer of vapour, the surface of which com- 
pletely reflects the light which falls upon it, so that the copper ioolra as if it were 
coated with oxidised silver. On continued immersion, the envelope of vapour gradually 
diminishes, till Anally the soapy water comes in contact with the metal, producing 
an extremely violent burst of vapour (Barett, Monit. sdent. [3], iv. 91). 

Colmring of Metals. — This may be effected by means of a solution of 42’5 grams 
sodium thiosulphate in 450 grams water mixed with a solution of 45' 5 lead acetate in 
225 water. Such a solution, when heated, yields lead sulphide, which, when deposited 
on metals in a thin film, gives them a fine colour. Iron is thereby coloured steel- 
blue ; zinc brown ; brass and bronze gold-yellow ; copper red, crimson, chestnut 
brown, light-blue, or leddisb-white, aceoiSiing to the temperature of the bath and the 
time of immersion. If the lead acetate be replaced by an equal quantity of sulphuric 
acid, bronze acquires first a red, then a green, and finally a splendid green -rod colour 
(Iron, Oct. 1874, 419 ; Piiigl. pol. J. ccxv. 93). A black colour may be produced on 
copper-alloys and on silver by means of deliquescent platinic chloride rubbed on the 
surface (Weiskopf, Bingl. pol. J. ccxv. 470). 

. MBTAigrSTHOXi-CiLMPKOK, (Perrenoud, Liehifs Annalen, clxxxvii. 

63). This substance, discovered by Gerlmrdt, is most advantageously prepared as 
follows : An intimate mixture of anethol (210 pts.) and zinc chloride (750 pts.), is 
heated in a copper retort, and after a few minutes, when white fumes make their 
appearance in the receiver, a current of super-heated steam is passed over the mixture, 
the operation being continued till about 2 litres of water have been evaporated. The 
metanethol-eamphor then condenses, together with the aqueous vapours, in the form 
of a dark-coloured crystalline mass, which must be freed from water, washed with 
alcohol containing ether, and recrystallised from hot glacial acetic acid or ether. The 
product amounts to between 6*5 and 10 per cent, of the anethol employed. 

Pure metanethol-eamphor forms thin silky needles, felted like asbestos or grouped 
in large tufts, and exhibiting a fine play of colours in polarised light. It melts at 
132°, boils with partial decomposition at a temperature above 300°, but sublimes 
between 115° and 120°. It does not volatilise with vapour of water at 100°. It 
dissolves very easily in glacial acetic acid at the boiling heat, less easily in hot ether 
or alcohol, readily in chloroform, carbon sulphide, benzene, and strong sulphuric acid, 
sparingly in cold ether, still more sparingly in cold alcohol, and is insoluble in water 
and in soda-ley. 

M etanet holcamphor-sitlphonic acid, is formed when a 

solution of the camphor in 4 to 6 pts. of cold strong sulphuric acid is left to itself for 
some hours. Its calcium^ salt, prepared from the dilute solution of the acid, and 
purified by reerystallisation from alcohol, forms large fatty-lustrous retangular 
plates, often with rounded edges. They contain water of crystallisation, which they 
give off with eifiorescence on exposure to the air. The salt has the composition 
(C^‘’H"S0®)®Ca-}-H20 at 120°-130°, and decomposes at a higher temperature ; it dis- 
solves easily in water and in aqueous alcohol, less easily in absolute alcohol. The 
bariimi salt, (C^“H”OSO®)“Ba'4' H*’0 (at 120°),* crystallises in concentric groups of 
thick prisms 1 mm. long, having a strong lii.strp, and permanent in the air. It dis- 
solves very sparingly in absolute alcohol, somewhat more freely in ordinary alcohol, 
easily in water. The sodium salt forms needle-shaped crystals. The sulpJiocUoride, 
G'^H^O.SO^Cl, prepared from the sodium salt by the action of phosphorus penta- 
chloride, crystallises in thick prisms, soluble in ether, glacial acetic acid, and chloro- 
form, and melting at 182°-183°. 

^ * Deduced from the barium determination (mean 22-fl4 per cent.), wliich, however, agrees better 
with the formula of the anhydrous salt (calc, 23‘18) than with that above given (calc. 22*49). The 
crater was not determined directly. 
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2^Xil'£iORtT£S. The following article contains descriptions and analyses of a 
number of meteorites which hare been recently examined, and in many cases have 
been actually seen to fall. 

Tlie Meteoric Irons of the Mexican Besert. Bauhreelite. J. Lawrence 
Smith {Sill. Am. J. 1876, [3], xii. 107 ; 1878, [3], xvi. 270) draws attention to the 
newly discovered masses of meteoric iron occurring in the region of Mexico called 
the Bolson de Mapini, or the Mexican Desert, situated in Cohahnila and Chihuahua, 
two of the northern provinces of the Mexican Eepuhlic. In 1854, three masses were 
described, two of which were conveyed to the United States; in 1868, eight other 
masses were conveyed to the States ; and in 1871 a still larger block was discovered, 
estimated to weigh 3500 kilog., near El Para. There is, moreover, some account of a 
mass yet vaster, to be seen in the very centre of this desolate region. 

It was in one of these irons that Smith found the mineral to which he has 
given the name of dawhreelite. It consists of shiny black particles, more or less scaly 
in structure, not altogether unlike fine particles of molybdenite. The fracture is uneven, 
except in one direction, where there appears to he a cleavage. It is brittle and easily 
pulverised, and is not magnetic. It undergoes but littie alteration before the blow- 
pipe, but becomes slightly magnetic. It is not acted upon in the slightest degree by 
hydrochloric acid, either hot or cold, but dissolves slowly and completely in nitric 
acid, when heated on a water-bath, without any liberation of free sulphur. Its sp. 
gr. is o’Ol. It consists of chromium sesquisulphide and iron monosulphide. The 


analyses gave the following numbers : 

Found 

FeS + Cr=S* 

Sulphur 

. 43-26 

44-29 

Chromium . 

. 36-38 

36-33 

Iron . . . 

. 20-36 

19-38 


100-00 

100-00 


Chantonnay, Bep. de la Vendee, Prance. August 5, 1812. — -Tschermak 
{Wien. Alcad. Ber. Ixx. Nov. 1874) finds that the meteorites of Orvinio and Chantonnay 
closely resemble each other in point of structure. Sections of the latter stone, of 
which representations are given in his paper, show it to be made up of choudritie 
fragments covered with a dark-coloured crust, and cemented together with a black and 
in places semivitreoiis material. The fragments are not very abundantly provided 
with spherules, although large ones are occasionally met with. The chondrite of 
this stone differs from that of the Orvinio meteorite in containing less iron ; a 
section shows olivine, bronzite, a fibrous translucent material, as well as nickel-iron 
and magnetic pyrites ; no chromite. Pine black veins of a mineral traverse 
the fragments here and there, and are connected with the cementing material. 
Similar veins are noticed in the meteorites of Sissa, Kakowa, ChMeau Eenard, 
Alessandria, and Pultusk ; and in the Sissa and Kakowa stones they present the 
appearance as if the meteorite had originally come in contact with a molten material 
which had been injected into the clefts of its surface. Moreover, in the Chantonnay 
stone, clefts are to be met with into which the black matter has penetrated to a 
depth of 6 mm. only, although the cleft remains partly open. The black semivitreous 
magma consists of an entirely opaque mass, enclosing flakes of the silicate which 
forms the fragment, as well as occasional spherules. 

Although Eammelsberg, who analysed this stone, does not describe the physical 
character of the material he operated on, and did not examine the fragments and the 
cementing material separately, as Tschermak has done in his examination of the 
Orvinio meteorite, Tschermak points out that the two stones have much the same 
composition, and differ mainly in the proportion of iron. The characters observed in 
these two meteorites point to the conclusion that they did not originally possess their 
present constitution, but that they have attained their present appearance through 
the disintegration of a solid rock-mass and its subsequent cementation with a semi- 
vitreous magma. Though they resemble somewhat the eruptive breccias, they differ 
from them in that the meteoric cementing material is less homogeneous, and encloses 
compact flakes of the rock itself. The Chantonnay stone exhibits the fine texture 
observed in some metamorphosed breccias. The two stones convey to us evidence 
of changes which must have occurred on the solid surface of some planet that was 
subsequently reduced to fragments (see the Orvinio Meteorite, p. 1293). 

The Siderolite of Bittersgrriin : found 1833 {Nova Acta d£r Ic. Leop.- Carol. 
Beat. Alcad. der Naticrforscher. xl. No. 8, 333, Halle, 1878). The examination by 
Winkler of the siderolite of Eittersgritn, Saxony, shows it to accord very closely in 
composition with the siderolite of Breitenbach in Bohemia, examined some years since 
in the Laboratory of the Mineral Department of the British Museum, and strengthens 
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the views expressed at the time that these bodies, as well as the meteorite of Steinbach 
in the Erzgebirge, were probably members of the same fall, possibly of the ‘ Eisenregen,’ 
reported by Sarctorius to have fallen ‘ im Meissnischen ’ at Whitsuntide 1164. 

The Eittersgriin siderolite was found in 1833 by a workman employed in clearing 
the forest, ard offered for sale as old iron to a smith, but without success ; but in 1861 
it came to the notice of Breithaupt, and was secured for the mineral collection of 
the Bergakademie of Freiberg. Its mean diameter is 0*43 meter, and its weight 
86‘5 kilog. It has recently been sawn through in Vienna, a troublesome and costly 
work extending over two months. An excellent chromolithograph of the surface thus 
exposed was prepared by Prof. Weisbach in 1876, and published with a few notes. 

The meshwork of nickel-iron of the siderolite encloses the following minerals : 
troilite, asmanite, bronzite, and chromite. The metallic portion constitutes about 
51*06 per cent., and the non-metallic ingredients about 48*94 per cent, of the stone. 
The nickel-iron contains : 

Fe Ni Co Cu P S Si C Asmanite 

89*990 9*740 0*230 0*035 0*150 0*011 0*066 trace 0*g56 = 100*278 

which constituents may be arranged as follows : 


Nickel iron, Fe®Ni 

. 98*995 

Iron nickel phosphide, (FeNi)"*? 

. 0*293 

Iron phosphide, Fe^P 

. 0*539 

Iron silicide, Fe-Si . 

. 0*330 

Iron sulphide .... 

. 0*030 

Iron carbide .... 

trace 

Copper 

. 0*035 

Asmanite 

. 0*056 


100*278 


The iron sulphide, regarded as troilite or monosulphide, when in the form of 
pieces, is not acted upon by the magnet, and when in the state of powder, but slightly 
so. The ratios of iron to sulphur in troilite and in magnetic pyrites differ in so small 
a degree that the analytical results do not always set the question at rest. Moreover 
it is a question whether the meteoric sulphide, associated as it is "with nickel-iron, 
does not contain some of that metal as an ingredient. The numbers obtained in these 
analyses are as follows : 


Iron 

Calculated 
. 63*63 

I 

65*87 

Found 

II 

63*58 

TTI 

63*00 

Nickel . 

. . — 

1*40 



1*02 

Sulphur 

. 36*37 

34*27 

36*42 

35*27 

Silicic acid . 

• • — 

— 

— 

0*67 


100*00 

101*54 

100*00 

99*96 


The asmanite appears to have the density of 2*274 — 2*278, and the following 
composition : 


Silica 

I 

. Qo'77^ 

II 

97*84 

Ferric oxide . . . . 

. 3*16 

1*65 

Lime and magnesia . 

. trace 

— 

Loss on ignition 

. 1*07 

1*01 


100*00 

100*50 


As regards the crystalline form of this mineral, Weisbach considers that the recent 
researches of Schuster and of von Lasaulx have placed almost beyond doubt the 
identity of trid)^ite and asmanite. It occurred to Winkler that the relative solu- 
bility of tridymite and asmanite in potash-solution should be determined, and in as 
nearly possible parallel experiments as conld be devised, and it was found that of tridy- 
mite from Siebenbiirgen 49*63 parts, and of the asmanite of the siderolite from Eitters- 
griin 43*88 parts were dissolved. 

The bronzite, the most important of the non-metallic minerals, was obtained in a 
pure state with comparative ease. It is but slightly affected by the blowpipe, and is 
rot acted upon by acids, with the exception of hydrogen fluoride. Its sp. gr. is 3*310. 
It has the following composition : 


* By diHerenco. 
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Silicic acid 

I 

57-27 

II 

56-56 

in 

56*56 

Alumina . 

2-28 

2-05 

2-04 

Ferrous oxide . 

10-99 

10-74 

10-09 

Manganous oxide 

0-41 

0-42 

0-55 

Magnesia 

24-78 

25-13 

25-59 

Lime 

1-77 

2-52 

1-66 

Soda 

. . . not deter. 

1-42 

1-43 

Chromite 

0-94 

0-98 

0-98 

98-44 

trace of olivine was met with in this meteorite. 

99-83 

98-90 


Heated in a vacuum, it lost 0*23 per cent, of its -weight, and the gas evolved 
took fire, but "was so small in quantity that it could not be further examined. The 
meteorite possesses the ‘ crust of fusion ’ in a well-developed form ; it is of about the 
thickness of piece of paper, and close under it are found the mixtures of the 
minerals troilite, asmanite, and bronzite of an unaltered light brown colour, al- 
though they turn deep black w’hen raised to a temperature slightly above that at 
which lead melts. 

G-rosnaja, Banks of tke Terek, Caucasus. June 28, 1861, 7 a.m. {Mineralog, 
imd Fetrographischen Mittheihmgen, 1877, 153). — Some sixteen years ago Abich sent 
a description of this fall to Gr. Eose in Berlin. It appears that most of the stones 
fell into the Terek ; one, however, which resembles a colossal hailstone, penetrated 
the ground to the depth of 1| feet, and was taken out while still warm. The crust 
was to a considerable extent removed; the density of the stone is 3*7. A report 
by the military authorities has recently been prepared, and it appears in Tschermak s 
paper, together with his notes on an examination of the stones. 

The fall appears to have been attended with a great deal of noise, like the firing of 
cannon followed by a fusilade. The stone secured fell within 30 paces of the bank of 
the Terek. When taken out, it was found to weigh in all 10 lbs. Many heard a 
second sound, as though the meteorite burst twice in its descent through the atmo- 
sphere, and the noise attending the fall was heard 8 versts distant on the other side of 
the Terek. The water fizzed just as it would if brought in contact with a heated iron. 

A system of cracks and fissures arrayed like the branches of a tree traverse 
the stone, giving the impression that they are the result of the blow which it 
received on its fall. The colour is blackish-grey with bright points. There 
are many enclosed mineral particles, some almost invisible, others 1 cm. across, the 
greater part having a diameter of less than 2 mm. The matrix is black and opaque, 
even when viewed in microscopic section, and many of the enclosed particles are 
opaque or only translucent in points. Most of these, however, are transparent, and 
the majority have a circular or rounded outline. Five distinct ingredients could be 
distinguished. The first is a clear greenish mineral, with incomplete cleavage along 
tw'o directions, perpendieulHr to each other, and identified as olivine. A second in 
round tough spherules, brownish in hue, and not numerous, with a finely foliated or 
finely fibrous structure, was found to be bronzite. Enclosed particles are sometimes 
made up of these two minerals, sometimes, but not very frequently, of them together 
with a third silicate in long greenish prisms, -which have the appearance and angles of 
augite. The meteorite also contains some magnetic pyrites (troilite ?), a very little 
nickel-iron, and perhaps a little carbon, to which the dark hue of the matrix is due. 

Two peculiarities observed in several chondritic meteorites are noticeable in this 
one. The first is the occurrence of a crust on the bronzite spherules possessing fibrous 
structure. This crust is thin, and is distinguished from the enclosed material by its 
paler colour ; it has the same fibrous structure, doubly refractive power, and, in fact, 
is optically orientated like the enclosed silicate. It appears to have been produced, by 
some agent acting from without, perhaps heat in conjunction with a reducing gas. The 
agent has not caused fusion, but a slight modification of the texture of the surface. 
The second peculiarity is the distribution in zones of the magnetic pyrites in many of 
the granular eii closed masses. When a section is examined by reflected light, it is 
found that many of these masses are apparently surrounded by a crust of the sul- 
phide ; in others it occupies the centre of the mass, in all cases apparently filling 
up interstices. It seems as if the sulphide had impregnated the rocky mass, and 
the absence of all magnetic pyrites in the very compact enclosed particles, and the 
tough fibrous bronzite chondra, confirms this view. It is believed that this impreg- 
nation took place after the enclosed mineral particles attained their present form, 
and the only explanation which can be suggested is that this must have happened 
while the whole tufaceous mass was strongly heated. The enclosed granules coming 
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in contact with fused magnetic pyrites must have drawn it into the fine fissures 
and interstices, in some instances into the cavities of the granules themselves. ^ This 
implies the existence of two definite stages in the formation of these and similar 
choiidritie structures : first, the production of the olivinous tuff by the splittinij and 
attrition of the rock wdien the tougher particles are rolled and rubbed together till they 
have a roundish or spherular form ; and secondly a subsequent application of heat to 
the tuff, accompanied not unfrequently by the reducing action of gases and vapours. 

The stone consists of : 

SiO“ A1“0* FeO GaO MgO K*0 Na^O C H Magnetic pyrites 
3376 3-44 28-86 3*22 23-55 0*30 0*63 0-68 0-17 5'37 100 

Olivine appears to he the prevailing silicate of the meteorice. In addition to 
bronzite there appears to be a little augite and felspar. 

Koda, Province of Kuesca, Spain. Spring of 1871 {Comjpt, rend. Ixxix. 
1507 and 1509). — This stone fell at a spot two kilometers from Roda ; the exact date 
of its fall is not known. It is covered with a black crust ; the interior is ashy-grey 
with greenish grains resembling peridote, some several mm. in cliafleter, scattered 
throughout the mass. The grey surface is, however, not of a uniform tint, but 
presents two irregularly-shaped areas, one grey, the other yellowish-grey. The 
stone is very friable. Before the blowpipe it is fusible, becoming black and feebly 
magnetic. 

Only 1475 per cent, of the stone is acted upon by acid, the portion unacted upon 
amounting to 85*97 per cent. Below are given, in addition to the composition of the con- 
stituents separated by acid, the results of an analysis of the minerals constituting the 
mass of the stone : 

SiO“ Al^O'-* Cr=0“ FeO CaO MgO K“0 Na“0 S 

A. Soluble. 38*85 4*81 — 24*27 8-21 23*86 — — = 100*00 

B. Insoluble. 52*93 1*95 0*39 16*29 1*92 26*62 -- — 100*00 

0. Total. 51*51 2*30 0*34 17*04 2-31 26*61 0*80 0*40 « 101*31 

The soluble portion appears to be an iron olivine, mixed probably with a little 
anorthite ; the insoluble portion consists chiefly of bronzite, or, according to Pisani, 
probably hypersthene, with the specific gravity of which mineral tliat of the meteorite 
more closely accords. The sulphur and chromium are, it is presumed, present as 
magnetic pyrites and chromite ; no nickel wdiatever was detected. 

The yellowish grains are very slightly attacked by acid, only 6 per cent, being 
soluble in that reagent. Their composition proved to ])e ; 


Silica . . . . 

. 51-10 

27-3 

Alumina .... 

. 2*83 

1-3 

Ferrous oxide . 

. 27-70 

11*1 

Magnesia 

. 17'20 

3*8 


98-83 



These numbers indicate, according to Pisaui’s -vdew, the presence of a hypersthene 
rather than a bronzite, a hypersthene richer in iron than that of Farsund, Norway. 
The ratio of iron oxide to magnesia is the same as that of the bronzites of the Hainbolz, 
Shalka, Borkut, and several other stones. 

On some grains of the mineral a well-marked cleavage was distinguished along one 
direction ; in others a disposition to cleave along a second direction was remarked ; on 
examining such fragments in the polarising microscope, however, one of the optic axes 
was almost always seen, while the other is invisible. The angle of the optic axes, as 
measured in oil, was approximately determined, making 2H= 104°. The bisectrix is 
negative ,* but whether it was the acute or obtuse bisectrix was not determined. 

Baubr^e’s examination points to the chief constituent of this stone being bronzite 
rather than hypersthene. The absence of dichroism, the frequent occurrence of the 
right angle in the contour of the crystals, and the fineness of the striae peculiar to 
bronzite, were noticed. Magnified 800 diameters, most of the crystals are seen to 
enclose yellowish-brown rarely translucent matter with very varied contour, and occa- 
sionally with a crystalline form, that of a modified oblique prism, which 'is that of 
pyroxene. They are ranged in rectilinear series, which are not always orientated 
parallel to the axes of the crystal. The Roda meteorite, -vvitb the single exception 
that it contains no iron, bears a great likeness to the meteorite of Lodran (1868, Oc- 
tober 1), and establishes a new link between cosmical rocks and those belongino' to 
our planet. If, says Daubrk‘, we were to refuse to admit the testimony of those ^*ho 
affirm that they witnessed the fall of this fragment of rock, the characters of its crust 
would fully attest its cosmical origin. 
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Orvinio (formerly Cauemorto), near Rome. 1872, August 31, 5.15 a.m. 

{Gomft, rend, Ixxv. 655 ; Gr. S. Ferrari, BicercJie fisico-astroiiomische intorno aU 
Uranolito aaduto nelV agro Bomano,'Rom%TL-p, Bel. Arti. 1873; P. Keller, Bogg, 
Ann. cl. 171 ; Min. Mitth. 1874, 258 ; M. Le Chev, Miehel-Etienne de Rossi and G-. 
Bellucci, Atti deV Acc. fontif. di Nuovi Lincei^ 1873 ; Les Mondes^ Dec. 25,' 1873 ; L. 
Sipocz, Mitth. 1874, 244; Gr. Tschermak, AJc. Wins. Wien, Ixs. Rovem. 
1874). A meteor was seen at daybreak in the provinces of Rome, Umbria, Abruzzo, 
and Terra di Lavoro. It resembled a large red star, increasing in brilliancy 
as it travelled northwards, and leaving a white train. Two reports were heard, the 
second over Orvinio, where the greater part of the stone fell. Six fragments were 
found, weighing collectively 3’396 kilog. In September 1873 two more small frag- 
ments were heard of at Anticoli Corradi. 

The mass of the stone is of a lead-grey colour; the ground-mass appears to be 
made up of two minerals, one clear and uniform, the other dull and less homogeneous. 
The stone acts powerfully on the magnet. 

In the pager of M. le Chevalier Michel-Etienne de Rossi analyses of the stone 
are given, according to which it contains 16*84 per cent, of alumina and some arsenic. 
This is far in excess of that found in any other meteorite, and in the absence of a second 
and confirmatory analysis may be assumed to consist in part of magnesia thrown down 
with the alumina through the employment of insufficient ammonium chloride. The 
occurrence of arsenic is of extreme rarity ; it is stated to be present in the iron of 
Braunau and the olivine of the Atacama meteorite. 

Tschermak finds, on cutting this stone, that its structure is unusual and remarkable, 
consisting of light-coloured fragments (I) surrounded by a compact dark cementing 
material (II), The former are yellowish-grey, enclose spherules and particles of iron 
and magnetic pyrites, and are in fact normal ehondrite, and resemble the mass of the 
stone which fell at Seres, Macedonia (June 1818). The latter enclose numerous 
particles of iron and magnetic pyrites, for the most part imiformly distributed ; the 
portion nearest the enclosed fragments bears very distinct indications of having been 
at one time fluid, and conveys the impression that this cementing material was at one 
time in a plastic condition while in motion. Both parts ^have nearly the same density, 
and apparently the same chemical composition and mineral characteristics. The 
Orvinio stone resembles certain brecciated volcanic rocks, which consist of a ground- 
mass through which granular fragments of the same rock are distributed, as when 
older crystalline lavas are interpenetrated by others more compact and of a more 
recent date. 

The meteoric rocks possessing chondritic structure are regarded by Tschermak as 
tufas which have undergone detrition, and their spherules as particles which, by 
their superior toughness, have acquired a rounded form during the trituration of the 
rock, instead of breaking up into splinters. 

The dark-coloured cementing material contains two ingredients : an opaque semi- 
vitreous constituent, and particles in every way similar to the dark crust of the 
fragments from which they may probably have been detached ; many of them can 
still be recognised as olivine and bronzite. 

The two species of rock, the chondritic fragments with the sp. gr. 3*675 (I), and the 
darker cementing material, with the sp. gr. 3*600 (II), have the following composition : 

SiO“ A1“0“ Cr-0=* FeO MgO CaO K'a*© Fe Ni S 

1.38*01 2*22 trace 6*55 24*11 2*33 1*46 0*31 22*34 2*15 1*94=101*42 

11.36*82 2*31 trace 9*41 21*69 2-31 0*96 0*26 22*11 3*04 2*04=100*95 

These analyses establish the similarity in composition of the two portions. 

Castralia, Ifash County, N*. Carolina {Sill. Am. J. [3], viii. 147). May 14, 
1874, 2.30 p.M. — A dozen or more stones fell, and although the fall took place by day, 
a luminous meteor was observed. The area over which the fragments fell was 

ten miles long by three -wide. Three stones weighing 7 ’3 kilog. were found. 

The colour of the interior is in many parts a dark grey, owing to the presence of a 
large amount of nickel-iron ; in the lighter portions are seen some white spots of a 
mineral which is doubtless enstatite. 


The metallic part, 15*21 per cent., consists of; 



Iron = 92* 

12; nickel 

= 6*20 ; 

cobalt = 0*41 

= 98*73 

and the siliceous 

portions ; 







SiO® 

AI“0® 

FeO 

MgO 

Na^O 

s 

A. Soluble 

. 38*01 

0*46 

17-51 

41*27 

— 

1*01 = 98*26 

B. Insoluble . 

. 52*61 

4*80 

13*21 

27*31 

1*38 

— = 9931 


The soluble silicate is an olivine in which the ratio of MgO to FeO is about 4:1; 
the insoluble part is a bronzite ; and in addition to the minerals already mentioned. 
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the presence in the Oastralia stones of small amounts of iron sulphide and anorthite 
was recognised. 

Xowa County, State of Iowa {8iU, Am. J. ix. 459 ; x. 44, 206, 357 ; xi. 
253). Pebruary 12, 1875; 10.30 a.m. (Chicago time). — An Account of the Detonating 
Meteor of February .12, 1875, by G. W. Irish, Iowa City> 1875; Delafontaine, 
Bihlioilihque Universelle, Oct. 1875, 188; Q A. Daubr^e, J] Institute 1875 (Nos. 105- 
122); 0. W. Giimbel, MmcL Ahad. Ber. 1875, v. 313. A great number of large 
stones fell on this occasion, weighing in all 700 lbs., the largest being 120 lbs. in 
weight. Some passed so near the earth's surface that they clipped off the branches of 
trees. Three separate explosions of the fire-ball were noticed while still in view, 
and about two or three minutes after it had disappeared, three reports, resembling the 
discharge of the blast of a quarry, were heard. 

The stones have the usual black crust. A preliminary chemical examination 
showed them to contain : 

Nickel-iron = 12*53; troilite = 5*82; silicates = 81*64 — 100*00 

The nickel-iron consists of : ^ 

Iron = 89*04; nickel = 10*35; cobalt = 0*54 = 99*93 

with traces of copper, phosphorus, and sulphur. The silicate contains iron, ferrous 
oxide, alumina, magnesia, and soda, with traces of lithia and potash, and is very 
similar in composition to a large class of meteorites notably represented by the stones 
which fell at Youille (May 31, 1831), and Aumale, Algeria (August 25, 1865).^ 

A. W. Wright collected and analysed the gases contained in this meteorite and 


arrived at the following results : 

II 

III 

IV 

Y 


At 100° 

At 250° 

Below 

red-heat 

At low 
red-heat 

At full 
red-heat 

Carbon dioxide . 

. 96*46 

92*32 

42*27 

35*82 

6*56 

Carbon monoxide 

. 0*00 (?) 

1*82 

5*11 

0*49 

0*00 

Hydrogen . 

. 4*54 

5*86 

48*06 

58*51 

87*63 

Nitrogen (calculated) . 

. 0*00 

0*00 

4*56 

5*18 

6*91 


100*00 

100*00 

lOO’OO 

100*00 

100*00 


The reader is referred to the Amer. Jotcr. Sc. for the papers subsequently published 
by Mallet and Wright on the question of the conditions under which gases are occluded 
by meteorites. 

Prof. Giimbel finds the crust of this meteorite to possess a deep bottle-green or 
brownish-red colour, and to exhibit in polarised light all the characters of an amorphous 
vitreous mass. The composition of the stone, according to his analysis, is : 


Meteoric iron 12*32 

Troilite 5*25 

Silicate, decomposed by acid . . . .48*11 

Silicate, not acted upon by acid .... 34*32 


100*00 

The silicate decomposed by acid is an olivine, having the formula 2(§MgO|'PeO),SiO^, 
and the insoluble silicate gave the oxygen ratios : Silicic acid = 29*68; bases = 10*92. 
It appears not improbable that the silicate in this case was not completely decomposed 
during fusion. A plate accompanying Giimbel’s paper shows a microscopic section 
of the meteorite exhibiting olivine, augite, meteoric iron, chromite, troilite, particles 
of a reddish hue which resemble garnet, but refracting light doubly, and possessing 
optical characters which will not allow of their being identified with noseau ; also 
chondra showing fibrous, radiate, and grantilar structure, as well as others which 
evidently consist of olivine, and some which are opaque and finely granular. The 
meteoric iron has a hackly angular, structure, and such an appearance as it would 
present if reduced to the metallic state in the position which it at present occupies. 

Zsadauy, Temesvarj the Banat, Hungary. March 31, 1875 (Egyetertes 
Magyar Ujsdg, April and June, 1875 ; Verhand. Naturliis. Med. Vercins su Heidelberg, 
1878, ii. Heft. 2). — No meteor was seen ; a sound as of platoon-firing was heard ; and 
a small shower of black stones fell, some of which were cold when picked up. Sixteen 
stones in all were found, having an aggregate weight of 400 grams. 

The finely-grained light-grey matrix encloses granules of magnetic pyrites (troilite ?), 
granules and plates of nickel-iron, and numerous dark-grey crystalline spherules, 
averaging ^ mm. in diameter ; one little sphere had a breadth of 3|- mm. They had 
an excentric-radiate or contort ed-radi ate structure. A freshly broken surface of the 
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stone is studded with these chondra, and they are easily removed from the matrix. 
As regards their mineralogieal aspect, the spherules are found to be of two kinds. 
One consists qf small prisms of a rhombic mineral which has all the appearance of a 
variety of enstatite ; others are found to possess the characters of oli-^dne. An accessory 
mineral, transparent, pure, and with well-defined edges, differs from the rhombic 
augite in exhibiting no cleavage fissures, from olivine by the smoothness of its polished 
exterior, and from both of them by exhibiting distinct pleochroism with absorption, 
one tone being colourless, the other pale-red with a faint tinge of brown. It appears 
to be rhombic, and shows a close resemblance to a variety of hypersthene found by 
Cohen in a gabbro from S. Africa. The Zsadany stone resembles those which fell on 
different occasions at Lance, Gopalpur, and Pultusk. 

The portions soluble and insoluble in acid have the following composition : 


Silica 
Alumina 
Iron <;^ide 
Lime . 
Magnesia 


Soluble portion 
. 44-66 
. trace 
. 17 - 04 : 

. trace 
. 37-90 


Insoluble portion 

56-71 

2-32 

13-21 

1-77 

25-99 


100-00 


100-00 


The stones appear to consist to the extent of three-fourths of a bronzite, tbe remaining 
fourth being an olivine in which the equivalents of MgO : FeO are as 3*89 : 1, or 
approximately that which is often met with in meteoric olivines. 

Feid-Cliair, Corde de la Calle, Constantine. August 16, 1875 (about noon) 
{Cornet, rend, 1877, Ixxxiv. 70). — This meteorite fell at a spot named Feid-Chair, 
about 30 kilometers from La Calle, the descent being attended with the customary 
luminous appearance. It weighs 380 grams ; all search to discover other stones 
proved of no avail. The stone has a black crust and a grey interior, in which particles 
of nickel-iron and troilite are imbedded. Spherules are recognised, but the matrix 
likewise exhibits a brecciated structure ; grains of a dull black hue are also distributed 
through the mass. The Feid-Chair meteorite closely resembles the stones which fell 
at La Baffe (Sept. 13, 1822), Heredia, Costa Eica (April 1, 1857), Canellas, near 
Barcelona (May 14, 1861), and Khetree, Eajpoofcana (Jan. 19, 1867). 

Rowton, near Wellington, Shropshire. April 20, 1876; 3-40 p.m. — A 
block of meteoric iron, weighing 7f Ihs., was seen to fall at this place. Eaiu was 
falling heavily at the time, when a strange rumbling noise was heard, followed by a 
startling explosion like a discharge of heavy artillery, audible over an area several 
miles in extent among the neighbouring villages of Shropshire. The iron was foimd 
about an hour later ; the hole it had made was probed, and it was discovered about 
18 inches below the surface. The hole was nearly perpendicular, the meteorite having 
entered the ground almost vertically in a H.W to S.E direction, and when found it 
was quite warm. The mass is irregularly angular, and except at the point where it 
struck the ground, it is covered with a thin pellicle of magnetic oxide of iron. It was 
presented by the Luke of Cleveland to the British Museum. It is only the seventh 
aerosiderite, or meteoric iron, the fall of which has been witnessed, although upwards 
of a hundred iron masses have been discovered in different parts of the globe, which 
are undoubtedly meteoric, and two such have been found in Great Britain. 

No analysis of this iron has yet been published. 

Vavilovka, Gov. Ckersoxx, Russia. 1876, June 7fch {Mem. de la JSoc. 
nation, des Sciences nat. de Cherbourg, xxi. 205). — It appears that at this time a large 
number of stones fell, and a noise as of thunder was heard. A stone examined by 
E. Prendal had a black crust 0-6-1 -0 mm. thick, and a number of irregular and pro- 
minent bands. A cut section showed under a glass a fine-grained grey mass through 
which numberless white spots with angular boundaries are distributed. This meteor- 
ite is so brittle that the pr<^paration of sections was attended -with great difficulty. 
The metallic constituents are particles of nickel-iron distributed throughout the mass 
of the stone, and grains of a sulphide which are not magnetic. The specific gravity of 
this meteorite is 3-51, and an analysis by E. Prendal shows it to contain : 

Iron 

SiO“ Fe=0* A1“0* CaO MgO Alkalies sulphide Ni 

63-81 9-41 8-75 2-07 18-54 1-14 5*26 0*70 = 99-68 

These numbers throw but little light on the minute constitution of the stone. It is 
to he classed with the chondrites. 

St£klldaleii, near Koppartoergr, Orekroian, Sweden. June 28, 1876 ; 11.50 
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A.M. (Foredrag i Minemlogi vid Akademiens drshogtid den 3 ApriU, 1877 ; Aftonhladeis 
Artiebolags Tryoheri, Stockholm, 1877; Ffatme, 19, 1877; Oforsigt af Kongl, 
Vetenskaps Akad. FdrhmdL 1877, No. 4, p. 35). A meteor traversed the greater 
part of Central Sweden in a W.N.W direetiou, and was plainly msible in very bright 
sunshine. A loud whistling noise was heard, followed by two sharp reports and 
others less loud resembling thunder. The fall of the meteorites was witnessed by 
eight or ten persons. The largest weighs 4J skalpimd (1 Ib. av. = T068 Itt. or 
skalpund). Stalldalen is a station on the Swedish Central Bailway- Some of the 
meteorites which fell into the water were lost. The total number of stones found is 
eleven, and they weigh collectively 34 kilog. Lindstrdm finds the total composition of 
one of these stones to be ; 


Silica . . 

. 35*71 

Soda 

. 0*62 

Phosphoric acid 

. 0*30 

Potash .... 

. 0*15 

Alumina . 

. 2*11 

Iron ..... 

. 21*10 

Chromium oxide 

. 0*40 

Nickel .... 

. 1*61 

Perrons oxide . 

. 10*29 

Cobalt . . • f: • 

. 0*17 

Manganous oxide 

. 0*25 

Phosphorus . . ' . 

. 0*01 

Nickel monoxide 

. 0*20 

Sulphur .... 

. 2*27 

Lime. 

. 1*61 

Chlorine .... 

. 0*04 

Magnesia . 

. 23*16 





100*00 


Of these ingredients, 4*51 per cent, constitute magnetic pyrites (?), and 14*65 per 
cent, nickel-iron, the composition of which appears to be : 

Fe m Co P 

90*78 8*29 0*88 0*05 = 100*00 

The portions (I) gelatinisable with and (II) unacted upon by acid have the following 
composition ; 

SiO“ P'O® A1=0* FeO NiO MnO CaO MgO Na“0 Cl 

I. 36*76 0*83 0*13 20*35 0*60 — 0*64 40*47 0*18 0*16 0*13 « 100*25 

II. 57-37 0*07 5*07 8*03 — - 0*63 3*41 23*54 1*38 0*23 — = 99'73 

In the soluble portion the oxygen-ratio of acids to bases is 20*08 : 2T16, and in the 
insoluble part 30*64 : 15*08. In addition to olivine andbronzite, this meteorite appears 
to contain an insoluble felspar and a little apatite. 

Rochester, Indiana. 1876, December 21, 9 p.m. (Sill Am. J. [3], xiv. 219). — 
The course of this meteor was studied by Professor Kirkwood of Bloomington, Indiana, 
who considers the length of its observed track to be from 1000 to 1100 miles, one of 
the longest on record. Its height is supposed to have been 38 miles above the place 
where the fragment preserved fell from it. In various parts of its track it throw off 
fragments, accompanied with the usual rumbling noise. ‘ The pyrotechnic display is 
said to have been transcendently beautiful, hardly equalled or surpassed by any pre- 
vious occurrence of the kind.’ The only fragment preserved fell at Bochesber and 
rebounded, falling finally on the surface without penetrating it. ‘ It is of the piso- 
litic variety, very friable, of a grey colour, easily crushed under the fingers into light 
powder and small globules, some of them perfectly spherical, of which the writer 
has some specimens 2 mm. in diameter.’ It resembles the Anssun stone. The crust 
is dull black and quite rough. The composition of ilie stone appears to bo approxi- 
mately : 


Bronzite and pyroxene minerals 





. 46*00 

Olivine minerals 


. 



. 41*00 

Nickel-iron .... 





. 10*00 

Troi’lite 


. , 



. 3*00 

Chromite 




. 

. 0*15 


and that of the portion soluble (I) 47*80 per cent., and insoluble in acid (II) 52*20 per 
cent. : 

SiO“ FeO A1“0* CaO MgO Cr=>0“ Na^O 

I. 34*65 27*75 — — 36*38 — 0*46 = 99*14 

II. 57-81 11*04 0*23 5*31 24*97 0*10 0*84 = 100*30 

The spherules were isolated and examined ; they contained 46*80 per cent, soluble 
silicate, and 53*20 insoluble silicate, the magnesia in the soluble part amounting to 
34*48 per cent. ; they are consequently merely concretions of the matrix of the stone. 
The nickel-iron contained : 

Iron = 94*49; Nickel = 4*12; Cobalt = 0*51 «= 99*12 

Warrenton, lycissourl. 1877, January 3 (about sunrise) (Sill, Am. J. [3], 
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adv. 222). — A sound was heard like the whistle of a locomotive, or like the passage of 
a cannon-ball through the air; it came from the north-west, and became louder 
and louder to four observers stationed at Warrenton. On looking up they saw a 
falling object strike a tree, breaking off the limbs and then coming to the ground 
with a crash. The stone was broken in pieces. It was supposed to have had a conical 
form and a length of 18 inches ; the weight was estimated at 100 lbs., but only 10 
to 15 lbs. weight of the fragments have been saved. No explosion or luminous 
phenomena were observed. It most closely resembles the Ornans stone (July 11, 
1868). Its crust has an unusual thickness, being in places 2^ to 3^ mm. thick. The 
interior of the stone has a very dark uniform ash colour; it is soft and easily 
crushed, and has a specific gravity of 3*47. 

The ratio of the constituent minerals is : 


Olivine minerals 76*00 

Bronzite and pyroxene minerals 1 8*00 

Nickel-iron 2*00 

Troilite^, . 3*50 

Chromite . 0*50 


80*40 per cent, of silicate is soluble in acid and has the composition under I; 19*60 per 
cent, of silicate, being insoluble in acid ; it is given under II. 

SiO» FeO» A1=0’ CaO MgO Na*0 NiO CoO Cr^O= 

I. Soluble. 33*02 37*67 0*12 trace 28*41 0*07 1*54 0*31 — = 101*04 

11. Insoluble. 56*90 10*20 0*20 7*62 22*41 1*00 — — 0*33 = 97*66 

The nickel-iron contains : 

Iron = 88*51 ; Nickel = 10*21 ; Cobalt = 0*60 = 99*32 

Cynthiana, Kentucky. 1877, January 23, 4 p.m. {Sill, Am. J, [3], xiv. 224). 
A brilliant meteor was seen traversing Monroe County, Indiana, in a south-easterly 
direction ; it was also observed at Decatur County, of the same state. The meteorite 
fell about sixty miles distant from these places, and appeared to descend almost 
vertically, accompanied with the usual noises. One mass was seen to fall, and was 
dug out of a hole thirteen inches deep. This stone is wedge-shaped, with one 
portion of it very extensively and regularly pitted, the rest being smooth. The crust 
is dull-black and perfect as when it fell. The stone weighs six kilograms ; it is of 
the harder brecciated variety, and when broken presents a mottled surface identical 
with that of the Parnellee stone, which it resembles in every respect, even in density, 
which in both cases is 3*41. The constituent minerals of the meteorite appear to be : 


Olivine minerals 50*00 

Bronzite and pyroxene minerals 30*00 

Nickel-iron 6*00 

Troilite 6*50 

Chromite 0*52 


The silicates soluble in acid form 56*50 per cent, of the total silicates, and possess the 
composition given under I ,* those insoluble in acid amount to 43*60 per cent,, and 
are given under II ; 


SiO® 

FeO 

A1®0® 

CaO 

MgO 

Na»0 

Cr*0* 


I. Soluble. 33*65 

30*83 

0*11 

trace 

34*61 

— 

— = 

99*20 

n. Insoluble. 67*60 

11*42 

0*43 

5*70 

23*97 

1-24 

0*38 = 

100*74 


The nickel- iron forming 5*93 per cent, of the meteorite consists of : 

Iron = 90*64; Nickel = 8*35; Cobalt == 0*73 = 99*72 

Hungeu, between Steinbelm and Borsdorf, Province Oberhessen. 

1877, May 17, 7 a.m. (Min. Mittk. 1877, 313). — An eyewitness of the fall of one of 
these meteorites states that, as he was passing through a wood, he heard a noise as of 
thunder, followed by a humming, hissing, whistling sound, such as would be caused 
by a number of stones quickly rushing among trees. One struck a pine tree close to 
him, severed a branch about the thickness of the finger, and fell at his feet. Buchner 
visited the spot five months later, and found a second stone weighing 26 grams. 
The first weighed 86 grams. The descent of the meteorite took place in the direction 
from north-west to south-east. The crust of this stone is dull black and thin ; the 
fractured surface displays a grey, occasionally brown matrix, traversed by a very thin 
but very conspicuous brilliant black band of material; it runs obliquely to the 
flattened side of the stone, and is also found in the smaller mass picked up five months 

voL. vni. 4 p 
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later, which eYidently never formed part of the larger meteorite. On part of the 
foactaed surface of the larger stone a second black line, parallel to the first but less 
brilliant, is seen. Abundant particles of nickel-iron and troilite are met with ; the 
crust appears to consist, to the extent of one half, of the metallic alloy. The ground- 
mass appears to be olivine ; some olivine spherules are conspicuous, surrounded by 
the black material or by nickel-iron ; other chondra have a banded or radiated struc- 
ture, as in the stones of Shergotty or G-opalpnr, and appear to be broiizite ; and lastly 
there are spherules of a homogeneous grey translucent substance, devoid of or rarely 
traversed by fissures. 

According to Tschermak’s examination of the smaller stone, it approaches dosely 
in its character to the Pultusk meteorites. The black crust has the unusual thickness 
of 1*5 mm., and encloses nickel-iron, magnetic pyrites (troilite ?), and even lustreless 
chondi’a which may consist of chromite or picotite. Tschermak also determined the 
presence of granules of olivine, bronzite, and diallage, for such he believes to be the 
brown mineral, forming angular fragments, which are found not to be rhombic and to 
resemble an augite. 

Cronstadt, Orange River l*ree State, South Africa. ^1877, June. — A 
shower of stones fell near Cronstadt in June 1877, in a wooded district, so that few 
could be collected. One of them is preserved in the British Museum. 

Soko-Bauja, KT.B. of Alexinatz, Servia. 1878, October 13, about 2 p.m. 
{Verhandl, der Jc, geolog. Beichsamtattf 1877, 328 ; J)eut. Ghem. Gres. Ber. 1878, 
xi. 96). — Two explosions, like salvoes of artillery, were beard, accompanied by a 
brilliant display of light, such as attends the bursting of shells. This noise lasted some 
time, and was followed by a sound resembling the firing of musketry. Soon after the ex- 
plosions a number of meteorites fell to the ground, over an area 1^ mile in length and half 
a mile in breadth. The total weight of material which fell amounted to 80 kilograms. 

All the meteorites are covered with a black rough vitreous crust 0*5 mm. in thick- 
ness, and exhibiting numerous depressions ; the interior consists of spherules of various 
sizes, some brown, some yellow, cemented together by an ash-grey material, and pre- 
sents the appearance of a trachytic lava. The sp. gr. of the stone is 3’502. The 


meteorite consists of: 

I II 

Nickel-iron . . . . 3‘8 3-7 

Silicates 96*2 06-3 

lOO'O 100*0 

A fragment of nickel-iron was found to consist of : 

Iron = 78*13; Nickel = 21*70; Copper = 0*17 ~ 100*00 


This is a high percentage of nickel; the ratio of the metals is Pe ; Ni ~ 4 : 1. The 
iron sulphide is monosulphide containing 63*84 per cent, of- iron; theory requires 
63*64 per cent. The portion acted upon by acid (I) and withstanding that reagent 
(II) consisted of: 


Silicic acid 
Iron protoxide. 

Manganese oxide 
Magnesia .... 
Soda .... 

Potash .... 
Iron .... 

Nickel .... 

Iron monosulphide - 6*78 

Chromite .... 
Phosphorus 


I 

II 

32*24 

56*66 

28*41 

23*55 

0*20 

0*003 

30*53 

20*84 

0*43 

— 

0*09 

— 

0*70 

— 

0*17 

— 

5Fe=4*31 

— 

1 S==2*47 

— 

— 

0*11 

— 

trace 


99*55 101*163 


Neither alumina nor lime appears to be present, and felspatbic and augitic 
constituents are consequently absent. The oxygen present in the two silicates 
amounts to — 


Silicic acid . 

Iron protoxide 
Magnesia 

The soluble portion is therefore an 


6*31 

12*21 p 


I 

17*19 

18*62 


11 

30*22 


6*23 > _ 
9*33 P 


14*56 


olivine having approximately the composition 
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represented by the formula 2 (§Mg 04 Fe 0 ),Si 0 “; and the insoluble portion a bronzite 
of the form (fMgO, JTeO),SiO‘^ ; the ratio of iron oxide to magnesia being the same in 
both silicates. 

Meteorite from Tieseliitz, Moravia. July 15, 1878; 1.45 p.m. (Wim. 
Akad. Denkschriften. Math-natuTwissmschaft. Classe xxxix. Nov. 21, 1878). — A 
stone fell at this date, with the usual accompanying noise, within 100 paces of 
some people whose attention was directed to a small dark cloud from which 
a peculiar and ever increasing noise proceeded. This cloud was suddenly seen to 
become incandescent, but in no very high degree, and the noise became still louder, 
when a body was seen to fall from the cloud. The stone was warm when found. The 
noise was heard in the neighbourhood two miles around. The stone was secured, and 
was sent on the 19th to the Museum of the Technical High School of Briinn. The 
meteor appears to have passed over Daubrawic and Sloup, and the path to have been 
through Azimuth 108° altitude 40°, and the apparent radiant in R A 68°, declina- 
tion 40°. 

This stone <^ly was found, and all search for others was in vain. The stone 
weighs 27*5 kilog., and has the form of an irregular pyramid with an almost rectangular 
base. The entire surface is covered in places with a black crust, of about the thickness 
of that found on the stones which fell at Pxiltusk ; on the large convex side, which is 
called the ‘ breast side,’ it is much thinner, and exhibits a radiated character. On 
the back it is thicker and rougher, and without a trace of the radiated structure. The 
‘ breast-side ’ is free from all great depressions, while the others show them, due 
probably in part to the original form of the stone, partly to the action of currents of 
air on the surface when melted. The freshly broken surface of the stone is dull, 
ash-grey in hue, darker than the Pultusk stone, the texture finer and more sharply 
marked than in the case of most of the chondrites. It exhibits many small dull 
grey or dark coloured chondra, and splinters and fragments of the same kind, many 
larger dull-grey chondra, also white small chondra, and white fragments, the latter 
much fewer than the former. Between them are an ash-grey earthy matrix and very 
few yellow metallic lustrous particles. Most of the dark chondra are less than 1 mm. 
in diameter ; those which have a diameter of 1 mm. are fewer, and there are occa- 
sional chondra which exceed 1 mm. in size. The largest one had a diameter of 5 mm. 

The microscopic examination of the sections of this meteorite displayed many 
curious features, and appeared to confirm the views already put forth by Tschermak 
regarding the probable influences which have taken part in the form which the chondra 
and other enclosures take. Some chondra present an appearance which has not 
hitherto been observed. They have round depressions, which point to a plasticity of 
the chondi’a during contact, as if the spherules had acquired their shape during the 
act of rubbing which formed the splintered fragments. Others, again, have pro- 
jections of a rounded form or an almost pointed end. These chondra are the result of 
volcanic eruption or explosion. 

Olwim.—lBoth. in the matrix and in chondra well-developed crystals of olivine are 
to be met with. They have the same form as the olivine in basalt. Many of the 
chondra consist of individual crystals. Many crystals have cavities, enclosing black 
angular grains, or a black impregnation of the crust, or black, slightly translucent 
spherules or enclosures of ‘ glass ; ’ some exhibit a most distinct surface of the enclosed 
material. 

Bronzite . — Barred and fibrous individuals of a brown colour are regarded as bronzite* 
Some of the barred chondra, shown in the plate accompanying the paper by Makowsky 
and Tschermak, are very perfectly developed and are very curious. Some have a 
dark border, others a light rim. In these chondra, also, the enclosed material abeady 
referred to is met with. 

Enstatite . — Many of the chondra of this mineral are distinguished by their marked 
foliated structure. The enclosed ‘ glass ’ is also found in them. Many spherules, 
and fragments of spherules, of a crystallised mixture of bronzite and olivine, and of 
enstatite and olivine, were noticed ; none, however, ofa crystallised mixture of enstatite 
and bronzite ; and it appears, therefore, as if the meteoric tuff originated from two 
sorts of stony mixtures. 

Augite . — A few small chondra, with a compact pale-coloured crust, have a texture 
and colour which differ from all the foregoing. The entire spherule is shown by 
polarised light to be an individual ; the crust is almost colourless, the interior has a 
brownish-green hue. Their reaction with light points to their being augite. 

Magnetic Pyrites and Nickel-iron . — Magnetic pyrites occurs as grains enclosed in 
the other chondra and splinters df chondra as well as free in the matrix. The nickel- 
iron is, for the most part, in the form of irregular particles, with a hackly surface in 

4 P 2 
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the matrix. In some of the spherules, both magnetic pyrites and nickel-iron have a 
distinct concentric arrangement. 

The stone of Tieschitz belongs to that division of the chondritic meteorites vrhich 
Tsohermak some years ago classified as remarkable for ‘ many brown, finely-fibrons 
chondra.’ The sp. gr. of the stone is 3’59. It contains about 85 per cent, of non- 
metallic minerals. No trace of any mineral resembling a felspar could be detected. 
The percentage composition of the stone is as follows : 



Olivine 

Bronzite and 
Enstatite 

Augite 

Magnetic 

Pyrites 

Nickel 

iron 

Totals 

(calc.) 

Totals 

(anal.) 

Si02 

. 13-99 

18-84 

7-90 

— 

— 

40-73 

40-23 

A120» 

. . — 

— 

2-09 

— 

— 

2-09 

1*93 

FeO 

. 13-86 

5*47 

0*73 

— 

— 

20-06 

19-80 

MgO 

. 10*94 

9*53 

0-61 

— 

— 

21*08 

20-55 

CaO 

. . — 

— 

1-42 

— 

— 

1*42 

1-54 

Na^O 

. . — 

— 

1-26 

— 

— 

1-26 

1*53 

Fe . 

, , — 

— 

— 

2-46 

7-97 

^0*43 

10-26 

Ni . 

. . — 

— 

— 

— 

1*31 

1-31 

1-31 

S . 

— 

— 

— 

1-62 

— 

1-62 

1-65 

or 

38-79 33-84 

Olivine 

Bronzite and enstatite 
Augite 

Magnetic pyrites 
Nickel-iron 

14-01 

4-08 

9*28 

100-00 

38-79 

33-84 

14*01 

4-08 

9-28 



100-00 

Ssterville, Smmet County, Xowa. 1879, May 10, 5 p.m. {Amer. Jour, Sc. 
xviii. 77).— -A meteor exploded over this spot, and was seen to fall in full daylight. 
One fragment, weighing 500 lbs., fell on railroad land, and was dug up from a depth 
of feet in a stiff clay soil. Another portion, weighing 170 lbs., fell at a distance 
of two miles from the first. Many smaller pieces, of a few ounces or pounds weight, 
were scattered in the vicinity. The smaller mass fell upon a dry knoll, and penetrated 
the earth vertically to a depth of 4-J- feet. The fall was aecompaiiiod by a noise de- 
scribed as a continuous roll of thunder accompanied by a crackling sound. Tho stone 
has been placed in the hands of Prof. C. W. Hall, of the Minneapolis University, for 
complete investigation. The preliminary examination points to the metallic portion 
consisting of an alloy of iron, nickel and tin. Full half the mass consists of stony 
matter, which appears in dark green crystalline masses imbedded in a light grey 
matrix. When the whole is powdered a violent reaction ensues on addition of hydro- 
chloric acid, which is increased by boiling. The boiling acid appears to dissolve all 
but the ^ey matrix. Some of the crystalline masses are two inches thick, and 
exhibit distinct monoclinic cleavage. Under the microscope, in thin sections, olivine 
and a triclinic felspar appear to be imbedded in a matrix of pyroxene. The iron shows 
the Wiedmannstattian figures very finely. 

W. F. 

On the Gases occluded in Meteorites (CO, 00^, CHb H, N), see A. W. Wright 
(Sill Am. J. [3], ix. 459; x. 44; xi. 253; xii. 165; Jahresh.f. Ghem. 1875, 1312, 
1315; 1876, 1312). 

MBTH ACRYIIC ACI», C'‘He02 = H^Cz^CC CH^^CO^H, or, according to Fittig, 
“OH-— CH(CH®) — CO^H (Liebig's Amialen, clxxxviii. 95). This modification of 
crotonie acid, which Frankland a. Duppa first obtained by acting on ethylic climetli- 
oxalate with phosphorus trichloride, and saponifying the resulting ethylic ether with 
potash (vi. 825), is also produced by dissolving citraconic acid or anhydride, or 
mesaconic acid, in fuming hydrobromic acid — or by heating citraconic anhydride 
or mesaconic acid with strong hydrochloric acid — and boiling the resulting citra- 
or mesa-, bromo- or chloro-pyrotartaric acid with concentrated soda-ley, e.g . : 

C«H^Br(C02Na)2 = NaBr + 00^ + C*H«.C02Na. 

This decomposition of citrahromo-pyrotartarie acid affords the means of preparing 
methacrylic acid in large quantity (vi. 511-587). See also Fittig (lAehiJs Amalen 
clxxxviii. 42). 

Methacrylic acid appears to occur in small quantity in the portion of the product 
of saponification of Boman cumin-oil (consisting chiefly of isobutyric acid) which dis- 
tils at 160° (Fittig, Lent. Chem. G-es. Ber. x, 513). 
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On tlie conversion of Methacrylic Acid into Isobntyric Acid by the action of 
Sodium-amalgam, and into lodisobntyric Acid by solution in fuming Hydriodic 
Acid, see p. 587 of this volume. 

Methacrylic acid dissolves easily also in fuming hydrohromic acid, even at 0°, the 
solution, after some time, depositing a crystallised addition-product, and almost at the 
same time a thick oil, which is formed by polymerisation, and solidifies over sulphuric 
acid and potassium hydrate to an amorphous resinous mass (L. Paul, Ber. ix. 1 22). 

MBTHjBLIcrE, OH'*. This hydrocarbon is formed when a mixture of carbon oxide 
and hydrogen is exposed to the action of electricity in an induction-tube : 00 -f 3H^== 
H^O-f CB[‘‘ (Brodie, Proc. Boy, 8oc. xxi. 245); also by the action of zinc-powder on 
chloroform dissolved in aqueous alcohol: 2 CHOP + SH^O + 3Zn-= 3ZnO + 3ZnCP 4- 2CH'‘ 
(Sabanejeff, Ber. ix. 1810). 

When a mixture of methane and air is passed over a platinum spiral heated to 
redness by an electric current, the methane is oxidised to formic acid (Coquillion, 
Compt. reiid. Is:^!. 444). 

Methane, subjected to the influence of the silent electric discharge, yields a smaE 
quantity of acetylene, together with free hydrogen and resinous hydrocarbons, an 
odour of turpentine-oil being also evolved (see Electhicitt, p. 728). Under the same 
influence, methane combines with nitrogen, forming a solid compound (Berthelot, 
Compt. rend. Ixxxii. 1283). 

IMCETHAWTHREWE, (A. C. Oudemans, Junr, JDeut. Chem. Ges. Ber. vi. 

1125). A hydrocarbon, metameric with methyl-anthracene (p. 94), obtained together 
with other products, by distilling podocarpic acid {q.v.). To separate it, the crude 
distillate is dissolved -in boiling alcohol; the solution is filtered; the mass which 
separates on cooling is sublimed at 100°~130°; and the sublimate is purified by 
crystallisation from alcohol and resublimation, 

Methanthrene crystallises in white laminse, melts at 117°, boils above 300°, and 
exhibits a violet fluorescence like that of anthracene. It dissolves easily in boiling, 
less easily in cold alcohol, very easily in carbon sulphide and glacial acetic acid. 
W’hen heated it exhales a disagreeable peculiar odour, like that of melted asphalt. 
It forms ill-defined derivatives with bromine and nitric acid ; when boiled with potassium 
dichromate and dilute sulphuric acid, it yields an aromatic acid, probably 

Methanthrene-picric acid, C^®H^2.C®}1®(N02)®0, is formed by dissolving 4 pts. 
methanthrene and rather more than 5 pts, picric acid in a small quantity of boiling 
alcohol, and separates on cooling in very slender orange-coloured needles, which, in 
the moist state, have the colour of sublimed alizarin, but incline to brown-red when 
dry. It melts at 117° 

Methanthrene-quinone or Methanthraquinone, is formed on adding 

chromic acid to a warm solution of methanthrene in glacial acetic acid till the liquid 
assumes a yellow-green colour, and separates on addition of water in yellow-red flocks. 
By recrystallisation from alcohol and washing with ether, it is obtained in microscopic 
rhombic laminse. It melts at 187°, distils without alteration at a higher temperature, 
is insoluble in water, sparingly soluble in ether, freely in alcohol. By an aqueous 
solution of sulphurous acid, it is converted into hydromethanthrenequinoneor 
methanthren e-quin ol. 

METHAZ03»JXC ACID, The sodium salt of this acid is obtained 

by acting on nitromethane with alcoholic soda-ley, and heating the resulting crystal- 
line pulp on the water-bath, whereupon it separates into two liquid layers, the upper 
consisting mainly of alcohol and sodium-compounds soluble therein, the lower of 
sodium methazonate. The latter may be purified by decanting the upper layer, 
leaving the remaining liquid to cool, dissolving the crystals which separate in water, 
and precipitating with alcohol. The sodium salt thus obtained is permanent in the 
air (unlike sodium-nitromefchane), explodes when heated, and forms characteristically 
coloured precipitates with solutions of the heavy metals, e.g. silver, mercury, copper, 
and lead (P. Friese, Deut. Chem. Ges. Ber. ix. 324). 

According to Lecco {ibid. 705), the sodium salt and the acid are best prepared by 
dissolving 4 grams of caustic soda in hot alcohol and adding 5 grams of nitromethane 
drop by drop. The liquid is then boiled for a short time, and after cooling, the salt 
which has separated is filtered off, dissolved in water, and decomposed by dilute 
sulphuric acid. On shaking the liquid with ether, the methazonic acid is dissolved ; 
and the solution is dried over anhydrous sodium sulphate and evaporated over sulphuric 
acid. A yellow syrup is then left behind, which, on standing, is converted into large 
crystals, mixed with a thick reddish syrup which colours the skin deep red. For 
purification, the crystals are pressed between paper and recrystallised from warm 
benzene. 

Methazonic acid is isomeric with ethyluitrollc acid, and is an unstable body, w^hich 
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decomposes spontaneously and assumes a red colour. It is readily soluble in water, 
alcohol, and ether, more sparingly in benzene, and insoluble in petroleum-naphtha. It 
softens and liquefies at and explodes at a higher temperature 

The sodium salt crystallises from dilute alcohol in long prisms, and is more ex- 
plosive than the acid. The methazonates of the heavy metals are obtained by pre- 
cipitation. The formation of luethazonic acid is explained by the equation : 

2CH2NaN02 = NaOH + 


It is perhaps a kind of anhydride of nitromethane ; | 


Azo-compounds of IMCettiazonic Acid (Kimich, Deut. CJieni. Ggs. JBcr. x. 
140-144). As! o^henyl-niethaz onic acid, 0®H®N‘^0^== is pre- 

cipitated in orange-red flocks on adding a solution of azodibenzene nitrate to an 
aqueous solution of sodium methazonate. Its formation is expressed by the equation — 


O^HsjSTaN^O® + C«H5.N2.]!^03 = NaNG^ + C6H^Nl02IFN203. 


It crystallises from alcohol or ether in fine orange-red needles, which melt with decom- 
position at 1 64®. It is nearly insoluble in water, but easily soluble in alcohol, ether, 
and chloroform. Alkalis dissolve it with deep-red, strong sulphuric acid with yellow 
colour. 

The aqueous solution of the sodium salt, C^H^N'^O^Na® -H 2H“0, gives coloured 
precipitates with copper, cadmium, zinc, mercury, and silver salts. The barium salt, 
0®H“N‘‘0^]Ba + H=0, is a purple-red powder. 

Aso^aratolylmethazoiiicaeidi obtained in the 

same manner as the preceding compound, forms orango-colourocl needles, which molt 
with decomposition at 154®. It dissolves sparingly in water, very easily in alcohol 
and ether. 

MBTKENYIiAIVlIBOPKBZfOZi, C«H‘‘<^q^CH, prepared by heating orth- 

amidopheiiol with formic acid, boils at 182'5°, and after being freed from^ formic acid 
by treatment with potassium carbonate, solidifies in transparent shining crystals 
which melt at 30'5®, and give the vapour-density required by the formula. It is very 
slowly attacked by air and water. Heated with strong hydrochloric acid, it is decom- 
posed, with formation of orthamidophenol hydrochloride (Ladenburg, JDe'nt. Chcin, Qos. 
£er, X. 1123). 

3y[STSBIir'SrXi**BXPK£UYlkDZAMXliirE, C’3H^2N2=C"H^N=CH.NI-T.C‘TI'b 
Formyhdiylienyldistmine (W. Weith, Deut. Chem. Gres. Ber. ix. 1214). — This btiso, 
which Hofmann obtained by the action of chloroform on aniline (iv. 459), is also 
formed by direct combination when aniline is heated with phenyl cyanide (pheriyl- 
carbamine) : 

c«H=.NO + Nmcm^ = ■cm^N=cH.NH.cm^ 


Another mode of producing it is to heat aniline with formic acid in a reflux* 
apparatus. 

Methenyl-diphenyldiamine crystallises in long colourless needles (Hofmann obtained 
it only as a crystalline powder or in small scales), melts at 135°~136°, and dissolves 
very easily in alcohol and benzene. The crude product obtained by the action of 
chloroform on aniline melts at 127®, hut when repeatedly crystallised from alcohol and 
ligroin, it yields needles agreeing exactly with those above described. When 
methenyl-diphenyldiamine is subjected to prolonged heating in a reflux-apparatus, a 
small portion of it is resolved into aniline and benzene, but the greater part remains 
unaltered. 

xyEBTKXOIfZC ACXB. See Methylene-disxjlphonic acid, CH2(S03H)2(p. 1313). 

METHYXi AZiCOKOB, CH».OH. Occurrence.— This alcohol is almost always 
found in commercial acetone. Kasantzeff (Deut. Chem. Ges. Ber. viii. 435) found it in 
one sample to the amount of 20 per cent. 

Formation. — According to Liehen a. Rossi, and Linnemann a. von Zotta, the 
distillate obtained by heating calcium formate contains formic aldehyde, which, when 
treated with sodium-amalgam, yields methyl alcohol (vii. 533). According to Liehen 
a. Paterno however (Gasz. chim. ital. 1873, 290), and' Friedel a. Silva (Qom])t. rend. 
Ixxvi. 1545), the distillate in question contains methyl alcohol ready- formed. 

Breparation. — Erlenmeyer finds that the pure methyl oxalate required for the pre- 
paration of the alcohol may he very easily obtained by dissolving oxalic acid dehy- 
drated at 100° in boiling methyl alcohol, leaving the solution to cool, draining the 
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resulting crystals on a vacuum filter, and ■washing them with cold water, till the 
liquid which runs through no longer exhibits the iodoform reaction. Tiie ether thus 
purified is decomposed by prolonged boiling -with water (a portion remained unalt^ed 
even after three hours’ boiling), and the methyl alcohol is distilled off (rv. ne^. 
Fharm. xxiii. 624). 

Beactions, — Methyl alcohol is oxidised by electrolytic oxygen^ with evolution of 
carbon monoxide, together -with a small quantity of carbon dioxide, and formation of 
a liquid containing formate and acetate of methyl (A. Eenard, Comyt, rend, 
Ixxx. 236). 

Methyl alcohol, distilled with siilyhurio anhydride and a large quantity of strong 
sulphuric acid, is converted into oxymethanesulphonic or methyl-isethionic acid, 
CH(0H)(S08H)2 {g. t;.) (Max Muller, Ber. vi. 1031). 

»XBTH7Zi CHaCiORXDB, CH^Ol (C. Vincent, J, Bharm, [4], xxx. 132). This 
compound is now prepared in France on a large scale by heating trimethylamine 
hydrochloride to 260®, whereby it is resolved into ammonia, ffee trimethylamine and 
methyl chloridci: 

3N(CH»)SH01 = 2iq'(0HS)« + + SOH^Ol. 

By bubbling the vapours through hydrochloric acid, the alkaline gases are retained 
and the gaseous methyl chloride passes on_, to be purified by washing with dilute ca^tic 
soda and drying with strong sulphuric acid ; it is then collected in a gas-holder, from 
which it is pumped into strong receivers and liquefied. The tension of its vapour not 
being high and not increasing very rapidly with the temperature (2-48 atm. at 0 , and 
7‘5{) atm. at 35°), the liquefaction is easily effected, and the transport of the liquid 
can be carried on -without danger. 

The liquid methyl chloride thus obtained is a most powerful refrigerating agent. 
When allowed to escape from the receiver into an open vessel, it begins to boil, and m 
a few moments the temperature of the liquid 
is lowered by the ebullition below —23°, the 
boiling-point of the chloride. It then remains 
for a length of time in a quiescent state, and 
may be used as a freezing agent. By in- 
creasing the rapidity of the evaporation by 
means of a current of air blown through the 
liquid, or better by placing the liquid in con- 
nection with a good air-pump, its temperature 
can in a few moments be reduced to — 55°, 
and large masses of mercury easily solidified. 

The construction of a small freezing 
machine employed by M. Vincent is shown in 
fig. 49. It consists of a double-cased copper 
vessel, E E, between the two casings of which 
the methyl chloride A is introduced. The 
central space M is filled with some liquid such 
as alcohol, incapable of solidification. The 
methyl chloride is allowed to enter from the 
cylindrical reservoir by the screw tap B, and 
the screw S left open to permit of the escape 
of the gas. As soon as the whole mass of 
liquid has been reduced to a temperature of 

— 23°, ebullition ceases, the screw S may be 
replaced, and if a temperature lower than 

— 23° be required, the tube B placed in con- 
nection with a good air-pump. By this sim- 
ple means a litre of alcohol can be kept for several hours at temperatures either ^ of 

— 23° or —55°, and thus a large number of experiments can be performed, for which 
hitherto the expensive liquid nitrous oxide or solid carbonic acid was required. ^ 

M. Vincent has recently constructed a much larger and more perfect and continuous 
form of freezing machine, in which by means of an air-pump and a forcing-purnp the 
chloride of methyl is evaporated in the freezing machine and again condensed m the 
cylinders. This enlarged form of apparatus will probably be found more convenient 
and economical than the ether and sulphurous acid freezing machines now in use, as 
it can be simply constructed, the vapour and liquid do not attack metal and are not 
poisonous, and the frigorifie effects produced are extremely energetic. 

Another and perhaps more important application of methyl chloride is to the 
manufacture of the blue, green, and violet dyes produced by replacing part of the 


Fig. 49. 




1304 


METHYL OXIDE— SELBirtDE. 


hydrogen in rosaniline by methyl. This substitution has hitherto been effected 
chiefly by the use of the expensive iodide of methyl: the chloride vill afford a much 
more economical method of obtaining them (see Rosanimnb). 

The trimethylamine from which the methyl chloride is prepared in the manner 
above described, is obtained from the spent liquors (vimf^ses) of the stills in which the 
molasses of beet-juice are distilled for the production of alcohol (see Methylaminbs). 

MSTBYXi OXXBB, (CH^)“0, is formed, together with the chlorides of tri- 
and tetra-methylammonium, by heating sal-ammoniac with excess of methyl alcohol 
CWeith, Bent. Chem. Gres. Ber. viii. 458). 

Breparation . — Erlenmeyer a. Kriechhauer (Rer. vii. 699) prepare this compound by 
graduallyheating 13 pts. methyl alcohol and 20 pts. sulphuric acid to 140° in a reflux 
apparatus, washing the evolved gas with soda-ley, and passing it into sulphuric acid, 
which absorbs 600 vols. of it, forming the compound SO(OH)-(OCH®)-, which may be 
kept without alteration, and gives off methyl oxide when 1 pt. of it is added by drop 
to 1 pt. of water. 

For preparation on the large scale, a mixture (34° JBm^.) of 1 pt. sulphuric acid and 
rather more than 1 pt, anhydrous wood-spirit is heated to*l25°--128°, as long as methyl 
oxide continues to be evolved, care being taken that the temperature does not rise 
above 130°; it is then left to cool, and to the remaining liquid, marking 45° Bm., 
more wood-spirit is added sufficient to lower the density to 34° Bm. ; and by thus 
alternately heating, cooling, adding fresh wood-spirit, and again heating, &c., as in 
the preparation of ethyl oxide, large quantities of methyl alcohol may be etherified 
with only a small quantity of acid. The methyl ether, which is given off as vapour, 
is freed from carbon dioxide and sulphur dioxide by means of caustic potash, cjiustic 
soda, or sugar-lime, and from water by calcium chloride, and finally condensed 
(Tellier, Arch. BhamfL. [3], x. 57)- 

On the Briction-coefficient of Methyl-oxide, see Q-ases (p. 851 of this volume). 07 h 
its Bmperfect Comhustion, p. 436. 

^ MBTKYl. SBX.BBXDX: or SXSXiBlNriyCBTBYIi, (CH3)2S0 (C. L. Jackson, 
Liehiy’s Amalen, clxxix. 1). To prepare this compound, phosphorus pentasolenide 
(obtained by heating an intimate mixture of 6 at. selenium with rather more than 
2 at. phosphorus) is coarsely pulYerised and drenched in a retort with a mixture of 
strong soda-ley and a solution of potassium methyl-sulphate. On gently heating the 
mixture, it froths up, and yields a distillate of water and a yellow liquid, which may 
he separated from the water by a tap-funnel, and purified by fractional distillation ; 
it then yields, as chief product, methyl monosolenide. If a stronger beat be employed 
in the preparation, a few drops of a yellow, less volatile liquid pass over, probably 
consisting of the diselenide, (CH^y-^Se-, and identical with the product which 
Wohler a. Bean obtained by distilling barium methylsulphate with potassium selenide 
(iii. 990). 

Methyl monoselenide is a colourless, strongly refracting liquid, having a very 
offensive odour and boiling at 32°. It sinks in water ; is decomposed, with separation 
of selenium, when boiled therewith, and mixes with alcohol and ether. It unites with 
acid radicles, forming a series of compounds analogous to those of benssyl selenide 
(p. 316). 

SeUimethyl Nitrate, either (CH’‘)2Se(NO»)2.(CH3)2SeO or (OH3)2Se<(^^^^, is formed 

by adding selenmethyl to strong nitric acid in a vessel which is kept cool, and crys- 
tallises, on evaporating^ the solution over the water-bath, in long colourless prisms. 
It melts at 90*5°, Volatilises below 100°, dissolves easily in water, sparingly in alcohol, 
and is insoluble in ether. The dichlori^, (CH»)2SeCF, precipitated from a strong 
solution of the nitrate by hydrochloric acid, forms white nacreous laminae, melting at 
59-5°, very soluble in alcohol, less soluble in ether, sparingly in water. The dibromide, 
(CH3)2SeBr2 prepared in like manner with hydrohromic acid, and purified by washing 
the precipitate with cold water, and once crystallising it from alcohol, forms broadsul- 
phur-yellow nacreous laminae having a very unpleasant odour. It melts and decomposes 
at 82°, and is partially decomposed by boiling with alcohol, in which it is hut slightly 
soluble ; it is also sparingly soluble in water, and insoluble in ether. The same 
compound is formed directly by direct combination of selenmethyl with bromine. 
The di-iodide, precipitated from the nitrate by potassium iodide, is a brick-red, easily 
decomposible powder, insoluble in water, easily soluble in alcohol and in ether. The 
plaiinoohloride, [(CH3)2Se]2PtCI‘, obtained by mixing the monoselenide with solution 
of platinic chloride, and boiling the resulting pale-red precipitate with water, crystal- 
lises in lemon-yellow laminge, nearly insoluble in water, quite insoluble in other, 
sparingly soluble in hot alcohol. When heated, it blackens and gives off methyl 
monoselenide. 
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METKYXi SITWHIDB, {CWy^. On the reaction of this compound Tfith 
benzyl sulphide and methylene sulphide, see Sulphines. On its reaction with hrom- 
acetic acid, see Methtl-thetinb (p. 1317). 

METHYl.ACI5TA3Sril.IBE, .hr(CH3)(C2H30). See IVIethyxanilines 
( p. 1306) and Benzenes (methxlamido-), p. 204 of this volume. 

METHYEACETOStrCCllfflC ETHERS. See SucciNiC Ethbes. 

METKYEAli, — CH2(OCH*)2 This compound is related to form- 

aldehyde, CH^O, in the same manner as acetal, C^HXOC^H®)^ to acetaldehyde, C^B[‘‘0. 
When mixed with anisoil, in presence of glacial acetic acid, the vessel being kept cool, 
it forms dimethoxypheny Imethane (p. 649), and methyl alcohol (ter Meer, 
JDeut. Chem, Gres. Ber. vii. 1200) ; 

2(C«H=.00HS) + omioomf = CH%CmtOOE^)^ + 2CH»0H. 

METH YE- AEIZARXH,^ See Mbthtl-ANTHRAqtjinone. 

METBYeXmietes. 3IonO’-, di-, and ^n-methylamine are found in commercial 
wood-spirit ; and their occurrence, together with aldehyde, may be attributed to the 
mutual action of ammonia and acetone, which are also constituents of the crude pro- 
duct of the distillation of wood. The reactions may be represented by the following 
equations : 

C^H^O 4- » C^H^O -I- CH3 

Acetone. Aldehyde. Metiiylamine. 

' cm^o + NH2(CH3) « c^H^o + ]ina:(CH3)2 

Dimetliylamine. 

cm^o + NH(CH«)2 =. C^H^O + N(GS^)^ 

Trimethylainine . 

(0. W, Vincent, Cornet rend. Ixxvii. 898 ; Ann. CMm, BJiys. [5], i. 444). The forma- 
tion of methylamine and aldehyde by the above reaction has been experimentally 
demonstrated by Camille. 

Methylamine is also formed : a. By the reduction of hitromethane with iron filings, 
acetic acid, and water (Preibisch, J. pr. Qhem. [2], vii. 480). i3. Together with tri- 
ethylamine hydrochloj'ide, tetr ethyl ammonium chloride, and methylic ether, by heating 
sal-ammoniac (12 grams) with methyl alcohol (12 c.c.) for six hours to 280°-285° 
(Weith, Bcr. viii. 458). 7. Together with glycocine, ammonia, and carbon dioxide, 
by heating methylnric acid to 170° with hydrochloric acid saturated at 0° (H. Hill, 
Sill. Am. J. [3], xii. 428). 

The base called mercurialine, from Mercurialis perennis, is identical with 
methylamine (E. Schmidt, Ber. x. 2226). 

Trimethylamine, N(CH®)^. — This base is now obtained in large quantities from 
the waste-liquors or spent wash {vinasses) of the stills in which the molasses of beet- 
root sugar is distilled for the production of alcohol. It has long been the custom in 
France to evaporate these liquors to dryness, and calcine the mass in a reverberatory 
furnace, with the view of recovering the alkaline salts of the beet root, to be used as 
manure. By this treatment, the volatile organic products, viz. the ammonia-water, 
tar, and oils, were of course destroyed ; but recently M. Camille Vincent of Paris has 
succeeded in collecting these products and turning them to profitable account. 

The following is an outline of the pi’ocess, as carried out at the large distillery of 
Messrs. Tilloy, Delaune. and Co., of Courri^res. The spent-wash, having been evapo- 
rated until it has attained a sp. gr. of 1*31, is allowed to run into cast-iron retorts, 
in which it is submitted to dry distillation. This process lasts four hours; the 
volatile products pass over, whilst a residue of porous charcoal and alkaline salts 
remains behind in the retort. The gaseous products given off during the distillation 
are passed through coolers, in order to condense all the portions which are liquid or 
solid at the ordinary temperature, and the combustible gases pass on uncondensed 
and serve as fuel for heating the retorts. 

The liquid portion of the distillate is a very complex mixture of chemical com- 
pounds, resembling in this respect the corresponding product in the manufacture of 
coal-gas. Like this latter, the liquid distillate from the spent-wash may be divided 
into ammonia-water and tar. The ammonia-water of the vinasse resembles that 
of the coal-gas manufacture in so far as it contains carbonate, hydrosulphide, and hydro- 
cyanide of ammonia ; but it differs from this (and approximates to the products of the 
dry distillation of wood) by containing in addition methyl alcohol, methyl sulphide, 
methyl cyanide, many of the members of tlie fatty acid series, and large quantities of 
the salts of trimethylamine. The tar, on re-distillation, yields more ammonia- 
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water, a large ntimber of oils, the alkaloids of tlie pyridine series, solid hydrocarbons, 
carbolic acid, and, lastly, a pitch of fine qnality. 

The crude alkaline aqueous distillate is first neutralised by sulphuric acid, and the 
saline solution evaporated, when crystals of sulphate of ammonia are deposited ; and 
these, after separating and draining off, leave a mother-liquor, which contains the 
more soluble sulphate of trimethylamine. During the process of concentration, vapours 
of methyl alcohol, methyl cyanide, and other nitrils are given off, these being con- 
densed, and the cyanide used for the preparation of ammonia and acetic acid by 
decomposing it with aUcali. 

Trimethylamine itself has not yet been applied to any industrial use ; but its 
hydrochloride, when heated to 260®, is resolved, as already explained (p. 1303), into 
trimethylamine, ammonia and methyl chloride, which may be utilised as a refrigera- 
ting agent, and, instead of the iodide, for the preparation of methylated aniline 
dyes (0. Vincent, Gomjptrend, Ixxxiv. 1139; Ixxxv. 667; JPharm. [4], xxx. 132). 
See also a lecture by Professor Eoscoe ‘ On a New Chemical Industry’ {Cham. News, 
xxxix. 107). ‘ . c 

A mixture of trimethylamine and aniline hydrochloride yields, when heated, a 
distillate of methylaniline. 

Trimethylamine hydrohromide is resolved between 230® and 300° into trimethyl- 
amine, ammonia, and methyl bromide. Trimethylamine hydriodide^ crystallises in 
white shining tables, which gradually turn brown on exposure to the air, and at about 
210° begin to decompose, with evolution of white vapours, into trimethylamine, 
ammonia and methyl iodide, tetramethylammonium iodide being also formed by a 
secondary reaction (Vincent, loc. cit.) 

Trimethylamine is one of the basic constituents of the aqueous extract of hops 
(Griessmayer, p. 1040). 

Tetramethylammonium Ferrocyanide, PeCy2[(CH^)‘‘hICy]'*, is fomed by 
the action of hydroferrocyanic acid on tetramethylammonium liydroxido, the two 
substances being mixed in aqueous solution, and the product evaporated in a vacuum 
over sulphuric acid. The compound crystallises in lamino-granular masses containing, 
when air-dried, 13 mol. H-0, which, by successive drying over calcium chloride and 
sulphuric acid, and heating to 100®-140°, may he reduced to 2 mol., the remainder 
being given off, with decomposition, at a temperature above 140°. The salt has not 
yet been obtained pure and anhydrous (L, Barth, Ter, viii. 1484). 

Tetramethylammonium Iodide is perfectly stable at high temperatures (Hofmann, 
Vcict. Chem, Ges, Ter, vii. 526). 

IWIETHYt-AWCYl., OIH.C^H”, is formed together with diamyl and 

ethane, by the action of sodium on a mixture of methyl iodide and optically active 
amyl iodide. It is a liquid boiling at 60® (Le Bel, JBiUl. Soc, Ohm, [2], xxv. 510). 

lw:ETKYIiAEri:i.lWBS. Monomethylaniline, C7H»N=-- C'']H.NH(CTF).-- 
The formation of this base, by the action of methyl bromide or iodide on aniline, as 
discovered by Hofmann in 1850 (iv. 453), has lately been called in question by 
A. Kern {Teut. Chem, Ges.^ Ber, 1877, 195), who regards the product thus obtained as 
a mixture of aniline and dimetliylaniline. Hofmann, however {ibid. 591), by renewed 
experiments, has confirmed the correctness of his former conclusions, and has shown 
that monomethylaniline is produced, together with dimetliylaniline, by the action of 
the chloride, as well as of the bromide or iodide of methyl, on aniline. Chloride of 
methyl acts on aniline at the boiling heat, the liquid product on cooling depositing 
crystals of aniline hydrochloride ; on adding anhydrous ether and treating the resulting 
solution with dilute sulphuric acid, an additional quantity of aniline is separated Jis 
sulphate, and the remaining ethereal solution leaves, on evaporation, a basic oil con- 
sisting of a mixture of mono- and dimetliylaniline, separable by means of acetic 
anhydride, which converts the monomethylaniline, with great rise of temperature, 
into methyl acetanilide, while the dimethylaniline remains unaltered. The 
methylacetanilide, distilled with an alkali, yields methylaniline. Bromide and iodide 
of methyl act on aniline dissolved in ether at ordinary temperatures, the solution in 
the first case depositing aniline hydrohromide in the course of twenty-four hours, and 
in the second, aniline hydriodide after some days. The remaining ethereal solution 
contains mono- and dimethylaniline, which may be separated as above by means of 
acetic anhydride. 

In all cases, the largest yield of monomethylaniline is obtained when a considerable 
excess of aniline is used, the amounts in Hofmann’s experiments being, -with methyl 
iodide, 21*2 per cent,, with methyl bromide 25*2 per cent., and with methyl chloride 
45*7 per cent, of the aniline attacked. The reaction, how'ever, takes place in the 
same manner with smaller proportions of aniline ; thus, 1 mol. methyl iodide and 
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3 mol. aniline yielded, after prolonged action and repeated distillation, a quantity of 
monomethylaniline equal to 12*5 per cent, of the aniline attacked, the remainder 
being converted into dimethylaniline. A mixture of 40 pts. aniline hydrochloride, 
60 aniline and 35 methyl alcohol, yielded, on the manufacturing scale, a product con- 
sisting of 25 aniline, 30 mono-, and 45 dimethylaniline. 

Commercial methylaniline is almost always contaminated with aniline and di- 
methylaniline. The aniline may be removed by adding dilute sulphuric acid, and 
separating the resulting crystals of aniline sulphate from time to time by pressing the 
liquid (undissolved base and sulphate solution) through linen, the addition of sulphuric 
acid being discontinued when the filtrate after this treatment no longer yields any 
crystals. The mono- and dimethylated bases (retaining only traces of aniline), after 
being set free by an alkali, may then be separated by acetyl chloride, wtiieh, like the 
corresponding anhydride, acts only on the monomethylated base. As the action is 
very violent, it is best to add the chloride through a tap-funnel to the mixture of 
bases contained in a reflux apparatus. On subsequently shaking out the product into 
hot water, it dissolves, and the solution on cooling deposits methylacetanilidein 
large crystals, ’Vhich may be easily and completely purified by recrystallisation. It 
melts at 99*5°, and distils, without alteration, at 245°. The separation of methylaniline 
from this compound is best effected by boiling hydrochloric acid. 

Pure monomethylaniline has a density of 0-276 at 15°, and boils at I90°-191° 
(pure dimethylaniline at 191°-192°). It forms a beautiful platinochloride, and gives 
no colour reaction with solutions of chloride of lime. Its oxalate, when heated, does 
not yield aniline (Hofmann, Beiit, Chem. Ges. Ber. vii. 523; x. 591). 

Gh. G-irard (BulL Soo. Ohm. [2], xxiv. 120) prepares mono- and dimethylaniline 
by heating methyl alcohol with aniline and hydrochloric acid at 190°-200° under 
pressure. Hoelting a. Boasson (ibid, xxviii. 2) have prepared monomethylaniline in 
large quantity by this process, and by the action of methyl iodide on aniKne, and 
separate it from aniline and dimethylaniline by treatment with nitrous acid, whereby 
the last two are converted respectively into diazobenzene nitrate and nitroso-diraethyl- 
aniline, C®H^®(NO)N, both of which are soluble in water, whilst the monomethylaniline 

yields methylphenylnitrosamine, — NO, in the form of a yellow oil 

insoluble in water and in acids, and converted by reduction into nRonomethylaniline. 
The reaction may be applied to the estimation of monomethylaniline. The substance 
under examination, having been treated -with nitrous acid, is exhausted with ether, 
which dissolves the methylphenylnitrosamine ; the extract is then dried ; the ether is 
evaporated ; and the methylphenylnitrosamine, which remains in the form of an oil, is 
weighed. Pimethylaniline, similarly treated, yields a few yellow crystals but no oil. 

Bimethylaniline, C®H^^Na=C®H®.N(CH^)^. On the formation of this base, see 
page 1305. Beactions. 1. I)eco7yijpo$ition by JSeat. — ^When the vapour of di- 
methylaniline is passed through a combustion-tube filled with fragments of glass and 
heated to low redness, benzonitril is obtained as chief product (25 per cent, of the 
dimethylaniline decomposed), together with imido-diphenyl, NH(C®H^)2 (the so- 
called carbazol, vii. 253), and a small quantity of benzene, besides ammonia and 
hydrogen cyanide (Nietzki, BeiU. Chem. Ges. Ber. x. 474). 

2. With Sulphur Chloride, S^GP, dimethylaniline forms dithiodimethylaniline, 
[C®H‘^N(GH^)2]2S^, an easily crystallisable, nearly indifferent compound (Hannimann, 
Ber. X. 403). 

3. With Sulphuryl Chloride, SO-CP, the product formed is dimethyldichloraniline, 
C®H^CP.N(CH®)^ which crystallises slowly from aqueous solution in needles (Weng- 
hoffer, J. pr. Chem. [2], xvi. 448). Ethylsulphuric chloride, SO^C^OC^H®), acts 
violently on dimethylaniline, converting it into dimethylparamidobenzene- 
sulphonic or dimethylsulphanilic acid, (GH^)“N.C®H'‘.SO’^H (Wenghoffer). 

4. Dimethylaniline is converted hj perchloromethane at 180° into carbotetradi- 
methylaniline, 0[G®H^N(GH^)*]^ and hj chloroform at 230° into methenyltri- 
dimethyianiline, CH[C®H‘‘N(CH^)'P. Both these compounds are basic, crystallise 
in laminae, melt at 81°-83°, and resemble each other in their behaviour -with various 
reagents. Heated with dilute sulphuric acid, the first yields GO, the second GO-. 
The same products are formed, together with methyl chloride and aniline hydrochloride, 
when these compounds are heated to 220° with strong hydrochloric acid (Hannimann, 
Beut. Chem. Ges. Ber. x. 1689). 

5. When dimethylaniline (3 mol.) is heated with benzyl chloride (2 mol.) and 
bromine (2 mol.) to 120° in a reflux apparatus for four hours, a sea-green body is 
obtained, which is insoluble in water, dissolves with blue colour in alcohol, and dyes 
silk blue-green. With a smaller proportion of benzyl chloride, blue dye-stuffs are 
produced (Brunner a. Brandenburg, Ber. x. 1844). 
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6. When to a cooled mixture of henmldeliyde (20-30 grams), with four or five 

times that quantity of dimethylaniline — the excess of which acts as a diluent — zinc 
chloride is gradually added till a thick paste is formed, an equal volume of water 
added after about an hour, the whole boiled in a reflux apparatus, and the product 
made alkaline with caustic soda and largely diluted with water, ether will ^ extract 
from it — together with unaltered materials which may be removed by distillation with 
steam— a base, c= 20®H”N + C^JB[®0 — H^O), which may be purified by repeated 

crystallisation from a moderate quantity of alcohol, and separates therefrom in white 
roundish crystals, appearing, when examined by a lens, as groups of small concentric- 
ally arranged needles. , This base melts at 92°-93'^ ; dissolves readily in other, and 
with moderate facility in alcohol ; retains its pure white aspect when kept in the dry 
state in closed vessels ; but assumes a faint blue-green colour on exposure to the air. 
The picrate, C23H2®N2.20'’H2(lSr0-)®0H, is obtained by adding picric acid to an ethereal 
solution of the base, as a yellow precipitate, which dissolves with yellow-green colour 
in alcohol, and crystallises therefrom in small yellow needles. The flatiiioohloridie, 
0^H^W.2HCl.PtCl^, -.obtained by adding an ethereal or alcoholic solutjpn of the base 
to an acid solution of platinic chloride, is a white precipitate which assumes a dingy 
green colour on exposure to the air. The other salts, especially the sulphate, nitrate, 
and hydrochloride, quickly oxidise, especially in alcoholic solution, to dye-stufiEs of 
fine blue-green colour, and often of complex constitution (0. Fischer, -Ser. x. 1624). 

7. A mixture of dimethylaniline osidi furfural, treated as above with zinc chloride, 

yields a base which separates from alcoholic solution in fine crystals usually somewhat 
coloured, but becoming quite white after repeated crystallisation from Hgroin. This 
base melts at about 70°. Its salts exhibit a tendency to oxidise to red dye-stuffs. 
From the analysis of the platinochloride, it appears to have the composition 
C21H24N20 = + (Fischer, ibid. 1626). 

Bromodimethylaniline, C®H*Br.N(CH^)^, is formed on gradually adding 
bromine to a solution of dimethylaniline in 5 pts. of glacial acetic acid. It is pre- 
cipitated by soda-ley from the dilute solution as a grey crystalline powder, which is 
most readily purified by solution in hydrochloric acid and precipitation with caustic 
soda. It crystallises from alcohol in silvery laminae, volatilises with vapour of water, 
melts at 65°, and boils at 247° (bar. 722 mm.) Its salts are very soluble and deli- 
quescent. hydrochloride, obtained by passing hydrogen chloride into a solution 
of the base in benzene, very easily parts with its acid, and is completely soluble only 
in acidulated water. The platinochloride is granulo-crystalline. 

Bromodimethylaniline is not attacked by strong soda-ley or hydrochloric acid at 
the boiling heat ; but at 180°-200® it is resolved by hydrochloric acid into methyl 
chloride and monobromaniline, melting at 16°, a small quantity of bromophenol being 
probably formed at the same time (A. Weber, Ber. x. 760). 

Brunner a. Brandenburg {ibid. 1844), by acting on dimethylaniline with bromine 
in the manner described by Weber, obtained, instead of the compound just described, 
a blue-violet colouring matter having the composition oftetramethyl-rosanilino 
hydrobromide, C“°H^^(CH'’)‘‘B[^4HBr, which they find is also produced by the 
action of bromine on dimethylaniline without the intervention of a solvent. Probably 
bromodimethylaniline was the fii’st product of the reaction, and was subsequently con- 
verted into tetramethyl-rosaniline (see Eosaniline). 

Xododimetbylanlline, C®H‘‘I.N(CH^)“, is formed : a. By the action of iodine on 
dimethylaniline, both being dissolved in carbon disulphide (Weber, loc, cit.) IB. By 
the action of cyanogen iodide on dimethylaniline, which takes place in the cold, and is 
attended with rise of temperature and evolution of hydrogen cyanide. 

lododimethylaniline crystallises in white laminae, melts at 79°, and dissolves in 
alcohol and hydrochloric acid. Its platinochloride crystallises well. The base is not 
attacked by caustic soda. It turns bluish at ordinary temperatures, and decom- 
poses when heated above its melting point, with rapid evolution of hydrogen iodide, 
leaving a dark-coloured mass, which dissolves in alcohol with deep violet colour 
(Weber). 

Ifltrodimetliylaiiillnes* Baranitrodimethylanilinc^^ CW(NO®).N(CH®)2 is 
formed by gradually adding the calculated quantity of nitric acid to a solution of 
dimethylaniline in 10 to 12 pts. of glacial acetic acid. A rapid action then takes 
place, the liquid on cooling, and further on addition of water, depositing yellow 
needles ; and on recrystallising these several times from alcohol, the nitrodimethyU 
aniline is obtained — together with a cinnabar-red substance less soluble in alcohol 
more soluble in benzene than itself — in yellow needles having a steel-blue lustre and 
melting at 163°. Nitrodimethylaniline does not form salts, and is not altered by 
boiling with hydrochloric acid, in which it dissolves, or with soda-ley. By hydro- 
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chloric acid at 180°“200° it is decomposed into methyl chloride and other bodies 
(A. Weber, Ber, x. 760). The same nitrodimethylaniline was previonsiy obtained 
by Schraube {^er. viii. 616), by oxidising nitrosodimethylaniline with potassium 
ferricyanide, or better with permanganate, Schraube described this product as melting 
at 167°, and as possessing basic properties; but Wurster {Ber. xii. 628) has shown 
that it is identical with the nitrodimethylaniline obtained by Weber, both products 
melting at 162°, being destitute of basic properties, and convertible by reduction 
with tin and hydrochloric acid into dimethyl-paraphenylene-diamine. 

BaTamidodimethylaniline, — The stannosochloride of this base, 
C«H^(NH2).hr(CH3)22HCl.SnGl2 

produced by treating paranitrodimethylaniline with tin and hydrochloric acid, crystal- 
lises from alcohol in cubes. The free base boils almost without decomposition ; when 
exposed to the air it becomes brown and viscid. The hydrochloride, treated with 
weak oxidising agents, very quickly acquires a deep red to violet colour; the same 
change is produced in it by platinic chloride. At 180® it is resolved by dry hydrogen 
chloride into 'Methyl chloride and paraphenylenediamine ; by oxidation, into 
quinone (Weber). 

Binitrodimethylaniline obtained by oxidising nitrosodimethylaniline with 
dilute nitric acid, and forms large sulphur-yeUow crystals melting at 73*5° (Schraube). 
Weber, by the action of nitric acid on dimethylaniline dissolved in 6 or 7 pts. of glaci^ 
acetic acid, obtained it in needles melting at 77°. 

XiTltrosodimetiiylaiiillne, C®H'‘(iTO)N'(GH®)2 (Baeyer a. Caro, Beut, Chem, Oes, 
Ber. vii. 809, 963 ; Schraube, ibid, viii. 61). This base is formed by the action of 
nitrous acid on dimethylaniline : 

c«Hs]sr(CH3)2 + mm - o«h^(no)N(ohs)2 + h^o. 

Baeyer a. Caro prepare it by adding 100 pts. of amyl nitrite to a mixture of 50 pts. 
of dimethylaniline, 100 pts. of concentrated hydrochloric acid, and 750 pts. of a 
mixture of 1 vol. of hydrochloric acid with 2 vol. of alcohol, well cooled with ice. 
After a short time, yellow needles separate ; as soon as these no longer increase in 
quantity, the mass is thrown on a vacuum-filter and washed with ether-alcohol. An 
almost quantitative yield of pure nitrosodimethylaniline hydrochloride is thus 
obtained, in the form of small sulphur-yellow needles. Schraube adds 75 pts. amyl 
nitrite cooled to 0° to an ice-cold mixture of 50 pts. dimethylaniline, 100 pts. strong 
hydrochloric acid, and 600 pts. alcoholic hydrochloric acid (1 vol. acid to 2 vol. 
alcohol). 

The crystals of the hydrochloride melt at 177°, but are apparently decomposed^ at 
the same time; they dissolve in water, forming a deep yellow solution, and on adding 
potassium carbonate to this solution, the pure base separates in green flakes ; it may 
be dissolved out by ether, and separates from the solution on evaporation in large 
green plates which melt at 92® (Baeyer a. Caro), at 86° (Schraube), and are slightly 
volatile in a current of steam. The salts crystallise well. The sulphate and nitrate 
are obtained in slender yellow needles on adding sulphuric or nitric acid to an ethereal 
solution of the base (Baeyer a. Caro). The oxalate crystallises from wood-spirit in 
brown-red monoclinic crystals containing 2 mol. water (Schraube). 

Nitrosodimethylaniline is oxidised by ferricyanide or permanganate of potassium to 
nitrodimethylaniline. By boiling ynith allcaUs, it is resolved into dimethyl- 
amine and nitrosophfruol (Baeyer a. Caro) : 

cmxmMGwy + h^o = nh(CH«)2 + c«h^(no)(OH). 

tin and hydrochloric acid, it is reduced to dimethylphenylenediamine, a 
very unstable base, the nitrate and sulphate of which crystallise at first in colourless 
needles, but are very easily decomposed (Schraube). 

Nitrosodimethylaniline hydrochloride is converted by alcoholic potash into tetra- 
methyldiamidazoxybenzene, which crystallises in brown shining needles, very 
sparingly soluble in water, wood- spirit, ether, acetic acid, and ligroin, easily in chloro- 
form. This compound is not reduced by alcoholic ammonium sulphide, sulphurous 
acid, or sodium-amalgam, but by tin and hydrochloric acid it is easily reduced to 
dimethylphenylenediamine. Its salts form brownish-yellow laminae, which are 
completely decomposed by water. Its platinochloride is very slightly -soluble, and 
gives a variable amount of platinum (Schraube). 

Addition-products, in the form of large splendid dark steel-blue crystals, are 
obtained by heating a solution of nitrosodimethylaniline in alcohol or benzene with 
aniline or paratoluidine. The compound of nitrosodimethylaniline \nth dimethyl- 
aniline crystallises from benzene in dark green shining crystals, which quickly effloresce 
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on exposure to the air. The 'pJienol^oywpomd, 2CW(N0)N(0H®)2.C®H®0, formed 
hy mixing the components in the required proportions, with addition of water, crystal- 
lises in brown slender needles, which give off all their phenol at 70°. Nitrosodi- 
methylaniline also combines with silver nitrate^ forming a compound which crystallises 
from water at 25° in small shining crystals, dark blue by reflected, violet by trans- 
mitted light (Schraube). 

Benzoyl- dimetliylaniline, C®H®,CO.C®H‘.N(CH®)2, is formed by heating di- 
methylaniline with aozcZ and phosphoric anhydride to 180°-200° in a sealed 

tube for six to eight hours. On exhausting the product with ether, agitating the 
ethereal solution with potash-ley and hydrochloric acid, and leaving it to evaporate, 
bonzoyl-dimethylaniline remains in the form of an oil w'hich boils at 330°~335°. It 
dissolves in petroleum-ether, and crystallises therefrom in rosettes of white needles ; 
dissolves also in the ordinary solvents. With fiiming^ nitric acid it forms a dinitro- 
derivative which dissolves readily in.glacial acetic acid, crystallises in nodules, and 
melts at 142°; and with a derivative crystallising in needles (0. Fischer, 

Ber. X. 958). f 

Bimetbylaiiillne-plitlialein, C2‘*H2‘^N^O“ = 0®H'‘[C0C®H‘‘N(CH®)^]2 (0. Fischer, 
Ber. ix. 763 ; x. 952). This compound is formed, as a hydrochloride, by the action of 
phthalic chloride on dimethylaniline : 

C^m(COCiy -i- 2C®H®N(CH3)2 = hoi + C°HtC00®H^Fr(CH®)2HCl. 

The two bodies, on mixing, become hot, and the mixture acquires a dark brown colour. 
On heating it for a short time, the colour changes to yellowish green, a violent frothing 
takes place, and the thickened mass becomes dark green. The reaction is facilitated 
by small quantities of zinc-dust. As soon as the frothing is over, water is added to 
prevent further decomposition, and the excess of dimethylaniline is driven off with the 
steam. The residue solidifies on cooling to a resin having a reddisli surfaco-shimmor, 
and may be ground to a deep green powder. The crude product, which dtssolvos 
easily and with green colour in alcohol, wood- spirit, chloroform, and acetic acid, 
sparingly in water, and scarcely at all in ether, is pnrified hy repeatedly boiling it 
with ether, dissolving it in a small quantity of alcohol, mixing the solution with water, 
and crystallising the resulting precipitate from chloroform. 

Dimethylaniline-phthalein is also formed by the action of dehydrating agents, 
(ZnOl^, P^O®), on a mixture of phthalic anhydride and dimethylaniline. It separates 
from the solution of the hydrochloride, on addition of alkalis, in greenish-white 
granules which become colourless when freed from the liquid by filtration, but turn 
green again on drying. It dissolves in alcohol, ether, and wood-spirit, and cry sUillisus 
from the last in granular masses. It is scarcely attacked by potassium hydroxide at 
200°, but is resolved thereby at higher temperatures into phthalic acid and dimetliyl- 
aniline. Phthalic acid is also formed when a mixture of the phthalein with strong 
nitric acid is evaporated down on the water-bath. 

The monohydrochloride, C-‘H"‘‘N''^0“.HC1, prepared as above described, crystallises 
in small needles having a greenisli-yellow lustre. The dihydrochloride, C“^H2‘‘N“0-.2HCl, 
is obtained on adding dry hydrochloric acid to the ethereal solution of the base, 
previously dried by calcium chloride, as a yellow-red, crystalline, extremely hygro- 
scopic precipitate, which, when heated in the water-bath, gives off hydrogen chloride 
and is converted into the green salt. 

Blatinochlorides, — (C^‘‘H^'‘N^O“.HCl)^PtCl'*, is obtained as a blue-green crystalline 
precipitate on adding an alcoholic solution of platinic chloride to an alcoholic solution 
of the monohydrochloride; it is very easily soluble in water. Another salt, 
C"'‘H^^N20“.2H01.PtCF, is obtained by adding a solution of the base in strong hydro- 
chloric acid to alcoholic platinic chloride, as a yellowish-red crystalline pre- 
cipitate, easily soluble in water, sparingly in alcohol and ether. The picrate, 
C24p£24]j^2O2.0®H=^(NO2)®0H, prepared by a&ing an alcoholic solution of picric acid to 
an alcoholic solution of the monohydrochloride, is a dark green precipitate. A yellow 
picrate, G2^H2'‘N20*.2C®H2(N0®)®0H, is precipitated on adding a solution of the 
dihydrochloride to aqueous picric acid. The other salts of dimethylaniline-phthalein 
crystallise well. 

Base obtained by reduction of Bimethylaniline-phthalem, — When an acid solution 
of the phthalein is reduced with zinc-dust, it becomes decolorised, and soda-ley added 
to the solution throws down a colourless base, the colourless salts of which easily turn 
green hy oxidation. The picrate has a light yellow colour, and the hydrochloride gives 
with platinic chloride a nearly colourless precipitate, probably having the composition 

PtCl’ (Fischer). 
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Bromo dime thy I aniline-^ hthaleUii K — The monokydroch loride 

of this base, formed by heating bromodimethylaniline (p. 130) -with phthalie 
chloride, crystallises from alcohol in feathery groups of steel-blue needles, easily 
soluble in alcohol, wood-spirit, chloroform, and glacial acetic acid, sparingly in water. 
From its solution in strong hydrochloric acid, water throws down the dangy green 
dihydrochloride, C-'‘H^Br^N'^0“.2HCl. The alcoholic solution of the monohydro- 
chloride is blue-violet ; its solution in wood-spirit has a violet colour more in- 
clining to red ; the chloroform solution is almost pure blue. The platinochloHde, 
2(G^'‘H'-^^Br“N-0®.HCl) -f PtCF, is a blue crystalline powder. The free base has a blue- 
violet colour, dissolves in alcohol and ether, and yields a green jpiomte (0. Fischer, 
Ber, X. 1623). 

Hexnitrodimethylaniline-^hthale'in^ is formed by digesting 

the hydrochloride of the phthalein with fuming nitric acid on the water-bath, and 
separates, on pouring the resulting liquid into water, in flocks, which are best recrystal- 
lised from glacial acetic acid. It dissolves easily in acetone, less easily in alcohol, 
ether, wood-spirit, and chloroform, not at all in water, easily and with red-brown 
colour in nitric^nd sulphuric acids. From glacial acetic acid it separates in small 
yellow crystals, which melt at 190°-193®, and detonate when quickly heated (0. Fischer, 
Ber. X. 962). 

Simetliylaniline-'salicem, is formed, as a hydrochloride, by 

heating salicyl chloride with dimethylaniline : 

+ 2C’’ffN(CH=)“ = HCa + 0”H»»N«0‘.HC1. 

The reaction, which is attended "with evolution of hydrogen chloride, is facilitated by 
the addition of very small quantities of zinc-dust. 

The hydrochloride, C^“H^'‘N“0‘‘.HC1.2H^0 (after drying at 100°), may be obtained, 
as a flocculent precipitate, by washing with water, solution in hydrochloric acid, 
precipitation by large addition of water, and finally solution in chloroform and 
precipitation with ether. It dyes silk much like methyl-green, and is of much higher 
tinctorial power than dimethylaniline-phthalein. It forms two ylatinum-salts, 
03og;3o]sf2O4.2HOl.PtCF and 2(C3“H*^N204.HCl).PtCF. The acetate, sulyhate, nitrate, 
and oxalate may be prepared by treating the solution of the hydrochloride in dilute 
potash with the appropriate acids, and purifying the precipitates by solution in 
chloroform and precipitation with ether. Melting caustic potash resolves the salicein 
into salicylic acid aiid dimethylaniline ; zinc-dust and glacial acetic acid reduce it to 
a colourless body. Bromine gives a colourless bromo-derivative, acetic anhydride a 
bright yellow acetyl-derivative, and fuming nitric acid a yellow nitro-compound. 
Analogous green colouring matters are formed with salicyl chloride and diethyl 
aniline, and methyl -diphenylamine (Fischer, iUd, 934). 

mXSTKirXi - AMTlIiIiarE - StrXiPHOXTXC E.CXB, C^H®NS0» = 
(OH^)HN.C®H^.SO^H. The modification of this acid obtained by the action of 
sulphuric acid on methylacetanilide has already been described (p. 234). Another 
modification is produced by heating the ethylsulphate of methylaniline to 210°, and 
separates on cooling from a hot aqueous solution in shining laminse, having the com- 
position C’H®NSO® + H^O ; they are very efflorescent, and insoluble in water and in 
alcohol. The barkm salt, (C^H®]SrS0^)2Ba + 3^H*0, crystallises in small shining 
prisms which give off their water at 110° ; the calcium salt, (C^H.®NSO^)^Ca + 4B[20, 
in small shining laminae which become anhydrous at 100° ; the lead salt, 
(C^H^SO^)^Pb + 8H-0, in laminae having a faint yellowish colour. By passing nitrous 
acid into the alcoholic solution of this acid, a di azo-compound is obtained, as a 
yellowish-white amorphous powder, which appears to have the composition 
(CH«)N--N— (SOO 

I I 1 (Mundelius, Ber, vii. 1360). 

L(CsH3)J 

Bimethylaniline-sulyhonio acid, (OH^)'^]S.G®H‘*.SO®B[. See p. 235. 

lVXEXK7EAZa'TBX£ACESrE, — C^‘‘H®(CB[®). This hydrocarbon is ob- 

tained: 1. Bypassing dimethylphenylmethane, CH^(0®H^,CB[®)2 or dimethylphenyl- 
ethane, CH®.GH( 0^*31^.011®)-, through a red-hot tube (pp. 94, 95). 2. From the crude 
product of the preparation of phenanthrene. The dark-coloured masses formed in 
this process are freed from the greater portion of the anthracene present by fractional 
oxidation with potassium dichromate, then distilled in a current of steam, and re- 
crystallised from alcohol, whereby mother-liquors are obtained, yielding, together with 
phenanthrene, a compound which boils above 360°, and exhibits the composition and 
properties of methylanthracene. It crystallises from alcohol in laminae melting at 
190°, and exhibiting a green fluorescence ; is converted by heating with sodium into 
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a red body soluble in benzene, ether, and alcohol; and by oxidation into anthra- 
quinone carbonic acid (p. 113) (Japp a. Schultz, 104:9). 3. By the action 

of zinc-dust at high temperatures on chrysophanic acid (p. 470); on emodin (tri- 
oxymethylanthraquinone) (Liebermann, Ber. viii. 970); and on aloin, either from 
Socotrine or from Barbadoes aloes — in small quantity, however, and probably only as 
a secondary product (E. Schmidt, ibid. viii. 1275 ; Arch. Bharm. [3], viii. 496). 
4. Vapour of turpentine-oil, passed through a glass tube heated to dull redness, yields 
a mixture of aromatic hydrocarbons, the portion of which distilling between 320° and 
360° appears to contain methylanthracene (G-. Schultz, Ber.^. 84). 5. Wachondorff 
a. Zincke (ibid. 1481) have obtained from aniline-residues — instead of the expected 
dimethylanthraeene— a nitrogenous body melting at 187°, and methylanthracene, 
melting at 208°~210°, and convertible by oxidation into methylanthraquinone (m. p. 
160°-162°). 

IWCETH’Srii-AITTHRil.iiTriwroWB, is prepared by heating methyl- 

anthracene in a water-bath with alcohol and strong nitric acid. A violent reaction 
then sets in, and as soon as two-thirds of the alcohol are evaporated, and a little water 
is added, a yellow precipitate of methylanthraquinone separates ouif on cooling. It 
melts at 162°-163°, and sublimes in needles or small plates. It is moderately soluble 
in ether, acetone, chloroform, and boiling alcohol, sparingly in acetic acid and benzene, 
and crystallises from these solutions in small needles. Heated with zinc-dust and 
caustic soda, it gives Liebermann’s anthraquinone reaction. It yields a crystallised 
bromo-compound, which, when heated with potash, is converted into methyl- 
alizarin, which, however, is more readily obtained by heating the quinone 

with fuming sulphuric acid, and fusing the resulting disulphonic acid with potash. 
It sublimes on heating in tufts of small needles, melting at 250°-252°, and sublimes 
at 200° in tufts of reddish needles. It dissolves in alkalis with a blue colour, and 
this solution gives blue precipitates with calcium and barium salts. It dyes mordanted 
cloth like alizarin, and its alkaline solution gives the same absorption-spectrum as the 
latter (0. Fischer, Ber, viii. 675). 

On Bimethylanthra/icfne and BiTnethylanthraqidnone, see vii. 84. 

METKYi:i-BEiarZCrIiYCOCYja.MIlWE or Bcnzcreatinc^ See 

Creatine (p. 679). 

METHn-BEETZHTBEOXil.MXC ACXB, C’H‘'0.N(CB:3)0H. See HydeoX- 
AMIC Ethees (p. 1080). 

xaETHYE-BBUiTZirE OXXBE, is formed by the action of 

benzyl chloride on potassium-methyl oxide ; C^H^Cl-f CH^.0.K = KC1-|- ; 

also, together with trimethylsulphine bromide, when a mixture of 1 mol. methyl 
sulphide and 1 mol. benzyl bromide, diluted with methyl alcohol, is heated to 100° in 
a sealed tube : 

(omys + O^H’Br + 2(OmOH) = CH^.O.C^H^ + (CH^SBr + H^O. 

It is a very mobile liquid, boiling between 168° and 170° (Cahours, Compt. rend. Ixxx. 
1317). 

IttBTKYE-BEWZYXiTOliYEAWClM-E, N(CH8)(CH2C«H:*)(G‘*H'*CH»). See 
Tolylamines. 

BXETBYE-BxrTTE CARSXisroES, CH®.CI10H.C‘‘H;». See Hexye Alcohols 
(p. 1035). 

METKTE-BITXYE KETOXTES. See Ketones (p. 1148). 

MBTHTE-CABBOBYRROEXC ACXB. See Pyerol-DERIVATIVES. 

METHYE-CKRTSXZr, See Chrysin (p. 466). 

METHYE-COVnXARXC ACXB, C^oH^oO^ Syn. with ^S-Methyl-orthoxy- 
EHENYLACEYLIC AciD (p. 505). 

METHYE-CREOSOXi, See Oreosol 

(p. 580). 

METHYE-CRESOESirEPHOETXC ACXB, 0«H3(CH0(OCH»)(SO«H). See 
vii. 934. 

METBYE-CRESOTXC ACXB, C«Hs(CH3)(00H®)(C02H). The potassium salt 
of this acid is formed by the action of potash on methylcresotate, C“H®(CH2)(OH)CO^OH® 
(vii. 394). 

METHYXi-CROTORTXC ACXB, C*H5(CH2)0". See Angelic Acid (p. 86). 
Tiglic acid, a constituent of crotonic oil, is identical with this acid (E. Schmidt, Ber. 
X. 835). 
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KETB7I.-C7AirAiaXDE, ON.NH(CH»). This compound, when heated in 
aqueous or alcoholic solution, or exposed to the air, especially to moist air, is con- 
verted intotrimethyl-melamine. identical with that which Hofmann 

obtained by desulphuration of methyl-thiocarbamide (p. 1271). 

BXETaTE-SIJl.XiEYI. CARBISTOXi, is formed by the acUon 

of zinc on a mixture of allyl iodide and ethyl acetate. It boils at 158‘4:° (corr.), unites 
with 4 at. bromine, and forms with acetic anhydride an acetic ether boiling at 177*3° 
(Sorokin a. A. Saytzeff, jOmif. Chem. Ges. Ber. ix. 34, 277). 

mETHYli-BICRESTriiAllimB, N(CH3)(C«H‘».OHs)2, formed by heating 
dicresylamine (ditolylamine) with methyl chloride and hydrochloric acid, is an oS 
boiling under a pressure of 0*02 mm. at 235°-240° (0. G-irard, Bull. Soc. Chim. [2], 
xxiv. 120). 

SHETHlTS^-BXZSTaYXi-BEiarZSNrE, See IVIesitylenb, 

Homologtjes op (p. 1285). 

METHir‘^-BXETHYXiPH0SPK02a*II7M; XOX>XBE. See Phosfhikes. 

nXETBYB-BXOXTAZOBEn'ZEISrE, syn. with Phbnyl-azodioxytolti. (q.v.) 

METBYZ-BXPHEXnrZAMXXarE, N(0H3)(C«H:0^. See Ph:entiami35?es. 

JMCBTKYZ-BXPKBBYZTHXOSEXMCXCARBAZXBE, 

(C6H0(OH3)N.NE.NH(CsH^). See Hydeazines (p. 1059). 

lIlETHYZ-BlPROPYli-BBKrZEWB, = C«H»(CH:®)(C3H0®. See 

Mesitylbne, Homologubs op (p. 1285). 

mETRYZEBE BROMXBE, CH^Br^, heated to 140°~150° for several hours 
with 15 to 20 times its bulk of water and excess of lead oxide, yields ethylene-glycol 
and traces of ethylene oxide, together with lead bromide (A. Jeltekow, Ber. vi. 
658). 

On the Iodide, Acetochloride, and Biacetate of Methylene, see vii, 807. 

METKYZEE'E-BXBESrZAlVXXBE, CH2(NH.CO.C«H5)-, is formed by treating 
benzonitril (2 mol.), diluted with an equal volume of chloroform, with strong sulphuric 
acid, and then adding 1 mol. methylal. It crystallises from alcohol in long white 
felted needles, and dissolves readily in carbon disulphide, ether, and chloroform; 
melts at 212°, and sublimes at a higher temperature almost without decomposition; 
burns with a smoky flame. By dilute acids it is converted into benzamide, by alcoholic 
potash into benzoic acid (Hepp. a. Spiess, Ber. ix. 1424). 

METKYZEM’E-BXSXrZPHOIflC ACXB, CH2(S03H)2. Bmd^phometholio 
acid. Methionio acid.— This acid is formed by oxidising methylene thiocyanate with 
nitric acid. On heating the thiocyanate for a short time with a quantity of strong 
nitric acid just sufficient to dissolve it, immediately separating the mixture so as to 
expel the excess of nitric acid, then repeatedly adding water and evaporating, and 
finally adding barium carbonate, the barium salt, (CH‘'^SO*)‘‘^Ba, is obtained in crystals 
having a fine nacreous lustre (Julie Lermontoff, Ber. vii. 1282). 

Methylene-disulphonic acid is also formed, together with methylamidobenzene- 
sulphonic acid, by heating methyl-acetanilide with sulphuric acid to 140°“-! 50° (at 
higher temperatures carbonisation takes place) as long as acetic acid is given off. 
On diluting the liquid with water, adding barium carbonate, and filtering the liquid 
while hot, the filtrate deposits the barium salt of methylene-disulphonic acid as a 
white crystalline powder, while the methylamidobenzenesulphonate remains in the 
mother-liquor. The formation of the methylene-disulphonic acid is due to the action 
of the sulphuric acid on the liberated acetic acid (G. A. Smyth, ibid. 1237). 

RIBTKYZEKrE-GUAE’AMXB'B- See Guakamines (p. 901). 

1VIETBYZEM*E-3VXERCAPTXB£ or Bisulpkethylmethane, CH2(S.C“H:s)^ 
formed by the action of methylene iodide on sodium mercaptide, is a colourless, fetid 
oil, having a density of 0*987 at 20°, and distilling without decomposition at 184° 
(Niederist, Liebig's Annalen, clxxxvi. 391). 

IMCETHYZ-EOSXM*. See Phthaleins. 

BIETKYZ-ERYTKRXir or Monomethyltetrabfomofiuorescmi. See Phthaleins. 

IVEETHYZ-ETHYZ-ACETXC ACXB, CH(0H*)(C2H^).CO2H. See Pentoic 
Acids. 

METHYZ-ETHYZ CARBXN'OZ, CH^.OHOH.C^H^ See Butyl Alcohols 
( p. 359). 

A"ol. VIII. 4 Q 
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IWIBTHySj-XiTHYli KETOKB, See Ketones (p. 1147). 

METKYlr-ETHYli Strx.PHZBE, CH^.S.C^H^ This compound, prepared hy 
the action of ethyl iodide on sodium mercaptide, Na-B.C-H®, boils, according to Kruger 
{J. pr. Chem. [2], xiv. 193), at 65°-66° (uncorr.), differing therein from the methyl- 
ethyl sulpliide which Cariiis obtained by heating diethyl sulphophosphato with methyl 
alcohol, the corrected boiling point of which is given by Carius at 58'8°-59-5° (vi. 
598). 

METHY1.-BTKY1.-ACETIC ACXD, CE(CR^){C^B.^).COO'K, See Pentoic 
Acids. 

METKYZi-ETHYXi-OXLAnxiBE, CH».NH.CO— CO.NH.C-H^ See Oxamide. 

IMCETHYXi-ETHYXi-PEOPYXi CARBmOXiS, {CW){G"R%C^K'^),COE. 
See Eepttl Alcohols (p. 1026). 

METH YE - BTH YE - PROPYE - BUTYE - PKOSPHOWTItTlW: XOBXBE, 

(CH'*)(C‘'iH5)(C3H0CC4H®)PI. See Phosphines. 

METKYE-EirGEXrOE, C«Hs(OOH 3)-(C^H;®). This '^compound, ob- 

tained by distilling engenol with caustic baryta, boils at 237 -239° (Church, p. 762). 
The following derivatives of it have lately been obtained by Wassermann {Conipt. 
Toid. Ixxxviii. 1206) : 

Bronomethyleugenol Bihromide, C®H-Br(OCH^)“.C^H®Br-, prepared by the action 
of bromine on a strongly cooled solution of methyl-eugenol in ether, crystallises in 
long, silky needles, which melt at 77°-78°, and are soluble in alcohol and ether. 

Bfo'inomethyleugenol, C®B[“Br(OCH®)-.O^H®, prepared by the action of zinc-dust on 
a hot alcoholic solution of the preceding compound, is a colourless liquid which boils 
at 190°, under a pressure of 0-02 mm., and is soluble in alcohol, ether, and acetic acid. 

MethyMigetic Acid, C®IE(OCR'‘)".C^ffCOOH, obtained by the action of sodium- 
amalgam and chlorocarbonic ether on monobromomothyleugenol, crystnrllises in tlat, 
yellowish needles, which melt at 180°, dissolve in alcohol and ether, and are slightly 
soluble in water. 

Mercurdimethyleugenol, (C”H^^02)-Hg, is formed if an excess of sodium-amalgam 
is used in the preparation of the preceding acid. It crystallises in colourless needles, 
soluble in alcohol and ether, and fusing at 140°. 

By heating an alkaline solution of methylengetic acid with a solution of potassium 
permanganate, acidulating, and agitating the concentrated liquid with ether, a sub- 
stance is obtained having the formula Its constitution is pi‘ol)ahly 

C‘*H-(OCR)2(CH=CH.CHO).COOH. It forms coloiirh'ss needles, soluble iii water, 
and melting at 162°-163°. In no case was any opianic acid formed. 

MIETHYE-rERtTElC ACXB, See Vanillin-dehivatives. 

METHYE-GEYCOEEAIWCXC ACXBS. Mothyldi- and methyltri-glycollamic 
aciils are formed by heating methyl-hydantbie acid with baryta-water (p. 1045). 

METBYE-GVAXSTAMXlSrE, C=*HXCR)N-\ See G-uanamine (p. 001). 

lUCETKYE-GTTAlia'XBXM'E, CHXCH^)^^. Soe Guanidines (p. 904). 

METKYE-KEXYE GARBXJNTOE, See Octyl Alcohols. 

METHYE-GEYOXAEXMTE, Om3(CH»)K2 Soe Glyoxaline (p. 890). 

METKYE-HYBAIfTOXir, See HydantoIC Acid (p. 1045). 

METKYE-HYBROQUXZrOXrE. See Quinols. 

WtETKYE - HYBROXYEAMIXSTE, E{GE^)E^O, See Hyduoxylamine 

(p. 1081) 

XMCETHYE-XSETHXOXarXC ACXB, syn. with Oxymethanesxjlphonic Acid, 
CE%OE)EOm {q.v.) 

EKETKYE-XSOSBTYE-GEYCERIC ACXB, 

« CHs.CHOH.C[CH2CH(CH'»)2]OH.COOH, 

is formed, together with heptic acid and isobutyl acetone, by the action of alcoholic 
potash on ethylic bromisobutylacetoacetate (p. 1020). It is a mobile liquid which, 
when heated, is changed into gummy anhydrides, whilst a small portion distils over 
with vapour of water. Its barium salt is anhydrous, and crystallises in small needles. 
The calcium salt is also anhydrous, and crystallises in needles which are more soluble 
in hot than in cold water. 

IWCETKYE-XSOCXtOTYE OXXBE, = (CH»)2Czr:CH.O.CH3, is formed 

by heating isocrotyl bromide, (CH*)“C=:CH.Br (vii. 401), with sodium methylate to 
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130°-140° for three or four hours. It is a liquid boiling at 70°-74°, and yielding, 
when heated to 140° for two or three hours with dilute sulphuric acid of 1 per cent., 
scarcely anything but isobutyl aldehyde and methyl alcohol : 

(OH«)2C=CH.O.CH3 + H^O = CH^OH + (CmYGK,COK. 

The corresponding ethyl-compound (loc, cit.) reacts in a similar manner (EltekoiF, 
Deut. Chem, Ges. £er, x. 704). 

METHYXi-XSOPXlXJTVZi CiL^BZlO^OXi or ZMCBTBlTXi-AMirXi CB.B- 
BZXiroXi, CH^.CHOH.CH“.CHlCH(CH^)-. The preparation of this secondary alcohol 
from ethyl-amyl has already been noticed (p. 1025). It is also produced — together 
with a di-isobutylpinacone, boiling at 220°~260° — by the reducing action of 

water and sodium on methyl-isopentyl ketone in ethereal solution, and is obtained, 
after removal of the ether by distillation, as a colourless liquid of sp. gr. 0’8185 at 
17 * 0 °, boiling at 148''-150°, and not solidifying at —26°, 

Methyl-iB' 'pentyharUnyl Acetate^ C1I^.CH(OC2H^O).0®H“, obtained by heating 
the alcohol with acetyl chloride, is a colourless liquid boiling at 166°-168°, smelling 
like roses and hyacinths, having a sp. gr. of 0-8595 at 23° (water of 17*5° as unity), 
and boiling at 166°-168°. The obtained by heating the alcohol to 140° 

with hydrochloric acid, boils at 135°-137°. The iodide (which on account of its 
instability could not be obtained pure) heated in a reflux apparatus with dilute 
alcoholic potash, yields aheptylene in the form of a light very mobile oil having a 
pleasant odour of petroleum, and boiling at 75°-80°. This heptylene is probably a 
mixture of the two isomeric compounds, (CH^)2CH.CH-.CB[“.OHr=:CH- and 
(OH«)2CH.CH2.CHn=CH.CH3 (W. Kohn, LieUg^s Annalen, cxc. 305). 

IMlETHYZi-ZSOFROPirXi CABBZXrOZi, = CHs.CHOH.CH:(CH^)2. 

See Pentyl Alcohols. 

MBTKYZi-XSOPHOPirZ. KBTOIfB, = CH^CO.CH(CH3)2. 

ketone, first prepared by Frankland a. Puppa {Vroo. Boy, Soc. xiv. 463) by the action 
of baryta-water on ethylic acetodimethylacetate,— and further examined by K. Miinch, 
who obtained it directly by the dry distillation of a mixture of calcium acetate and 
isobutyrate (p. 1147) is also produced : a. By oxidation of methyl-isopropyl carbinol 
(g'.y.) j8. Together with hydroxylamine and other products, b}^ the reducing action 

of tin and hydrochloric acid on the so-called dinitroheptylic acid, (one of 

the products obtained by oxidising camphor with nitric acid), or on mononitroheptylic 
acid, (formed by the action of sodium-amalgam on the dinitro-aeid) : 

CeHioN^O* + -h NH»0 -i- + CO^ + 2H'-^0 

+ NH^O + 00^. 

y. By dehydration of isopropyl-ethyl glycol with ZnOP or P^O®, and of trimethyl- 
ethyl glycol Avith P^O® (Plavitzky, Ber. x. 2240). 

Methyl-isopropyl ketone boils at 94*1° (corn), gives the iodoform reaction with 
iodine and potash, and forms a crystalline compound with sodium-hydrogen sulphite 
(Kachler, Liebig's Amialen, cxci. 143). 

Cklormethyl-iso^T oyyl Ketone^ CH‘-^C1.C0.CH(0H^)“. See Ketones 
(p. 1148). 

METKYXi-SJXTBOXiXC ACZB, CH2K03=H.C0.NB:.N02. See Niteoparae- 
FiNS, under Paraffins. 

IVIBTKYXi-N'OXrYX. BLETOINTB, « CH3.CO.C®H'» (vii. 808). 


See Naecotine-deeivatives. 


IVXBTHYXi-IfORHBMXPXXrXC ACXB,^ 

MBTKYIi-irOBlMEBCOlMXKr, 

MBTHYX.-N’OROPXAmC ACXB, 
lUEBTHYXi-OXAiviETKAiflrz:, CON(CH3).CONH2. See Oxamic Ethers. 

WCETHyi.-OXBTHYX.EWB-TOX.xriBIWB. See Tolhidines. 
MBTHYZi-OXYBBlvrZOZC ACXB, C«H3(CH3)0H,C02H. On the properties 
of the three isomeric modifications of this acid, derived from the corresponding cresols. 
Bee p. 582. 

WCBTHYXi-OXYBUTYRIC ACXB, C‘‘H’(CH^)0®. See Butyeic acids (oxy-) 
(p. 364). 

3METHYXi-OXYPHE»rYli-AC»YI.XC, -CBOTOWTIC, -ABTGBXiXC * and 


-PBOPXOXO'XC ACIBS, derived from Anisic Aldehyde. See pp 504 

and 505. 

BXBTHYXi-OXYSFtrXiPHOBBN'ZXBB. See Oxysulphobenzide. 

4 Q 2 
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nCSTBVK-PARABAmC ACID. See PABABAific ACID. 

IHETKVlH.PAKAKOiaOSAliICTrHC AIiDEBYDE. See Pabahomo- 

SALICSIIC ALDEHYDE. 

METHYIi-PEN'TYli CARBIIffOIi, SeeHEPTYL alcohols 

(p. 1024). 

METKYIi-PKEWBTHEWYI. KETOITE, CH3.00.CH=iCH.G“H^ See 
Ketones (p. 1151). 

IWCETKYE-PKBWYE BYBBAZZM'B, (C«H*)(CH:3)N.NH-. See Hydrazines 
(p. 1057). 

IMCETKYE-PHEETYE-KriTBOSAMIWE, or WTITBOSO-METKYE- 
AINTZEIB'E, C^H“N20 = C®H®.]Sr(CH^)(N0), is formed, like the correspondiog ethyl- 
compound (p. 206), by the action of nitrons acid on methylaniline dissolved in dilute 
hydrochloric acid, or by mixing the solutions of methylaniline hydrochloride and 
potassium nitrite ; also, with evolution of nitrogen monoxide, by the^action of nitrous 
acid on a salt of methylphenyl-hydrazine : 

(C6Hs)(OT)N2H2 + 2N02H - (C«Hs)(CH3)N20 + N^O + 2H20 

(E. Eischer, lAeUg's Annalen^ cx'c. 158). 

METHYE-PHBWYE-SBBdlCABBAZlBB, . (C«H^)(CH3}N.NH.CO.NH2. 

See Hydrazines (p. 1058). 

IWCETHYE-PHEOBETZC ACXB, G®H®(0CH^).C02H. See Phlobetic acid. 

METHYE-PKEOBOE, G“H'’(CH''*)0. See Phlobol. 

mETHYE-PHOSPHEWYE OHEOBXBB, C«H^PClCm See PHOSPHINES. 

IMCETHYE-PHOSPHXWE, PH^(ObP). See Phosphines. 

METHYE-PBOPYEACETXC ACIB, C'*Hi202:== CH(GH3)(GHT0.GOOH. 
This modification of hexoic or caproic acid, obtained from the product of the reaction 
of potassium cyanide on amylene hydriodide, is a liquid having a density of 0*9279 at 
18° and boiling at 193°. Its silver salt separates from a hot saturated solution on 
cooling in needle-shaped crystals. The harium salt is obtained as a thick syrup, which 
dries up to a gummy mass. The calcmm and zinc salts are less soluble in hot than in 
cold water ; the latter is soluble in alcohol. The solution of the ammonium salt gives 
with/^mc chloride a flesh-coloured precipitate soluble in excess of the iron solution. 
The ethylic ether is a liquid having a density of 0*867 at 18°, and boiling at 153“ (A. 
SaytzefF, JOeut, Chem. (xes. JBer.xL 511). 

IVXETKYE-PBOPYE CABBXXffOES, GH^.CHOH.G^^H^ See Pentyl 
alcohols. 

METBYE-PBOPYE KETOXTES. See Ketones (p. 1147). 

MBTHYE-PROPYE-CAYECHITIC ACXX>, (G«H»)(OGH»)(OG®H'^)(COOH), 
is formed from propyl-eugenol, C®lH.(OGH''*)(OC''’II’')C^H^, by gradual oxidation with 
a hot dilute solution of potassium permanganate; and its homologues, methyl-])utyl- 
and methyl-amyl-protocatechuic acid, are obtained in like manner from the correspond* 
ing homologues of eugenol (p. 763 of this volume). 

IVCETHYE-PYRROE, G'‘H3H(GH»). See Pyrrol. 

MBTHYE-Q.lTXM'XErB. See Quinine. On the Sulphato-periodides of this 
base, see p. 491. 

METHYE-QtTXmZARZBT, = G«H^.G=^02.C«H(CH=’)(0H)2 (Nietzki, 

Detit. Chem. Ges. Ber vii. 2011). This homologue of Quinizarin (p. 102) is produced 
by heating a mixture of toluqninol (hydrotoluquinone) and phthalic anhydride in equal 
numbers of molecules with a quantity of sulphuric acid equal to eight or ten times 
the weight of the toluqninol, the heat being continued for three hours and gradually 
raised from 130° to 150°. The product, after boiling with water and crystallisation 
from benzene, is purified by boiling it with' solution of sodium carbonate, and decom- 
posing the resulting compound with an acid. 

Methyl-quinizariu crystallises from alcohol or glacial acetic acid in tufts of long 
red needles, from dilute spirit in long capillary felted needles. It melts at 160°, and 
partly sublimes without decomposition. It dissolves more readily in the greater 
number of solvents than quinizarin, and its solutions in alkalis and in strong sulphuric 
acid exhibit the same absorption-bands as those of the latter. With acetic anhydride 
it forms a diacetyl-derivative, C‘Hi®(G“H'*0)‘0'‘, which crystallises in yellow needles 
melting at 185°. 
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Methyl-qumizarin distilled over heated zinc-dust yields methyl-anthracene 
convertible by oxidation with chromic acid into anthraquinone-carbonie acid (p. 113), 
together with a large quantity of anthraquinone, a circumstance in which it agrees 
with the only known methyl- anthracene obtained from emodin and chrysophanic 
acid (p. 1312). 

Prom these results, viewed in connection with the known constitution of anthracene, 
and the mode of attachment of the two OH-groups and the O-O^-group in quinizarin, 
as demonstrated by Baeyer (pp. 102, 103), it may be inferred that methyl-anthracene 
and methyl-quinizarin are constituted in the manner represented by the following 
formulae : 


cm 


< 


H 
I 

c/^c— i 


.CH— O' 


0— Off 
0— H 


\(/ 

k 

Methyl-anthracene. 


II I 

\C0_0^^C-H 

in 

Methyl-aninizariru 


METKYl^-STrccmzc ACID, C^m(Qm){GOm)K See Pyrotaetaric acid, 

M£TKYZ.SUX.PKXrRZC CHZ.ORIDD, CH^O-SO^CL See Sulphuetl 
Chloeidb. 


IKCXSTHYXi-TEITRAOXYAIffTKRAQVXIfOIfZ:, Ci‘‘H’(0H8)0®. This, ac- 
cording to Tilden (Ohem, News, xxxv. 273), is the constitution of an orange-yellow 
compound called Alomnthin, which is obtained, together with a small quantity of 
acetic acid, by oxidising barbaloi'n and socaloin with chromic acid. It melts at 260®- 
265°, and may be sublimed without decomposition. 

CH2_S(CH*»)2 

METKYD-THETIN-E, C^H;8S02= I | . This compound, which may 

CO — 0 

be regarded as the sulphur analogue of betaine (p. 323), is obtained, in combination 
with hydrobromic acid, by mixing bromacetic acid and methyl sulphide in molecular 
proportions : 

CH^Br— COOH {CWyS = (CH3)2SBr— OmCOOH. 

Bromacetic Methyl Methyl-thetine 

acid. sulphide. hydrobromide. 

The hydrobromide is analogous in composition to betaine hydrobromide, 
(CH®)®NBr.CH-.COOH. By decomposing this salt with silver oxide, or the sulphate 
with barium carbonate, free methyl-thetine is obtained in crystals containing 1 mol. 

and exhibiting both acid and basic properties (Crum-Brown, Dent. Chem. Gcs, 
Ber. vi. 1384; Crum-Brown a. Letts, ibid. vii. 695). 

Mhyl'-thetine hydrohromide, prepared in like manner, is extremely deliquescent. 

XVlETKYXi-TRIOAXgDEKYDB or TKXOFOR2MCAEDEHYBE, 

Csjjegs. B[^(CSH)^, is formed by the action of hydrogen sulphide on formaldehyde, 
HCOH (p. 826). 

METHYE-TKYIVIOX.. See Thymod. 


BXETHYX.-TRXBRO]M;OGEYOXAZ,XIfE. See Clyoxaline (p. 890). 

METHYD-TRXBVXYE-PK0SPK017XUM XODXDB, (CB;3)(C^H»)3PI. See 
Phosphines. 

MBTHYE-TRXMBRCAPTXBB, CH(S.C2H5)3 produced hy the action of 
chloroform on sodium-niercaptide, NaS(C^H^), is a yellow oil which is partly decom- 
posed by boiling, and is converted by oxidation with nitric acid into ethylenesul- 
phonicacid (Niederist, J". jpr. Che7n. [2], xv. 174). 

X^ETHYE-VABTXXiEXB' or Dimethyl-jyTotocatecJmio AldehydCt 
C®H^(OCH=*)2.00H. See Benzoic Aldehyde (Dioxy-), (p. 306). 

MBTHYIi-XAZrTKAMXBE. See Xanthamidb. 

MBTKYSTXCXN, syn. with Kawain (p. 1145). 

MBYMACITE. A hydrate of tungstic acid from Meymac (Dep. Carrfeze), 
analysed by A. Carnot [Compt. rend. Ixxix. 638). The analyses lead, after deduction 
of scheelite and limonite, to the formula 2W0®.5H-0 or WO'*.2H^O. It is evidently 
a decomposition-product of scheelite, probably under the influence of water containing 
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free acid, resulting from the decomposition of iron pyrites. The schoelite first assumes 
a yellow or yellowish-green colour, but retains its directions of cleavage ; siibseq^uontly, 
however, it is converted into a soft, pure yellow, or brownish mass. 

Analyses. — 1 and 2. Soft, yellow to brownish, with sulphur-yellow streak. 
3, Harder laminae, with yellowish streak. 



Ja“0= 

CaO 



H“0 

X* 

Sp. gr. 

71*85 

1*00 

2*50 

6*00 

0*75 

12*93 

4*50 

= ? O.Q/\ 

= 100*30 

74*25 

ro5 

4*65 

6*10 

0*65 

11*75 

1*85 

75*12 

0*70 

7*00 

6*25 

0*32 

6*85 

2*55 

« 98*79 4*54 


* Grangne. Also traces of magnesia and sometimes of potasb. 


MXiVIKCrliritXTXS and KSXCTiraoTTXTS. Miargyritc is a sulphantimonite 
of silver, Ag^SbS-, from Braundsdorf in Saxony, containing 21*93 per cent. S, 39*14 Sb, 
and 36*40 Ag, together with 1*00 Cn and 0*62 Fe. Sp. gr. » 5*2 to 5*4 (hi. 1010 ). 
The name Kemigottitc was given by Haidinger to a mineral, of similar constitution but 
containing lead* as an essential constituent. It occurs at Felsobanya «hi Hungary on a 
quartzose rock, in monoclinic crystals, OP. + P. — P, having the angles cop : coP=r;42° 
and 138 ° ; has a black streak, conchoi’dal fracture ; hardness = 2*5 ; sp. gr. about 6 . It 
is somewhat brittle, melts easily before the blowpipe to a black shining globule, and, 
when heated for some time in the reducing flame, leaves a butter of silver amounting 
to 30 per cent, of the whole (Kenngott, Annales des Mmes, 1856 , [ 5 ], viii. 495 ). 

More recently (1877) L. Sipocz {Liebigs Annalen^ clxxxviii. 343) has analysed 
miargyrite from Pelsdbanya, where it occurs implanted on quartz-crystals, and 
likewise kenngottite, with results which show that the two minerals thus named 
are identical, both being sulphantimonites of silver, AgSbS-, in which that metal is 
partly replaced by lead — ^or isomorphous mixtures of Ag^SbS- and PbSbS'*^. 

Analyses. — 1 and 2, Miargyrite: 1. Mean of two determinations; 2. The same 
recalculated after deduction of copper and iron, as unessential, and replacement of the 
lead by its equivalent in silver (PbssAg-); 3 and 4. Kmngotiite 3. Analysis. 
4. Becal ciliated with the same corrections as in the case of miargyrite. 5. Values cal- 
culated from the formula AgSbS-. 


1. 

S 

21*80 

Sb 

40*68 

Ag 

32*77 

Pb 

4*01 

Ou 

0*51 

Pe 

0*19 = 99*96' 

Sp. Kf. 

5-273 

• to 

5*322 

5*2918 

• to 

5*3822 

2. 

3. 

21*80 

20*66 

40*68 

39*46 

36*95 

35*28 

1*76 

0*50 

— = 99*43 j 
0*25 =: 97*91 j 

4. 

5. 

20*66 

21*77 

39*46 

41*50 

37*12 

36*73 

— 

— 

— = 97*24 J 

— =100 

According to A. Weisbach {Aim. JPhys. Chem.\2], ii. 
exhibit the axial ratio a h 1 g ^ 0*9865 I 2850 : 1. 

455) the crystals of miargyrite 
Angle 5 <?= 48*41'. Weisbach 


also infers, from an analysis of Kenngottite by Bichter, which gave 30*12 per cent, 
silver with small quantities of arsenic and lead, and a specific gravity —5*47 a(- 22°, 
that this mineral is merely a miargyrite comparatively poor in silver. To the same 
mineral "Weisbach also refers Hausmann’s dull red silver ore {f aides Eothgiltigen:) 
fi’om Andreasberg, with which also Breithaupt’s Hyj^argyronhknde {Hygargyriie') is 
very probably identical. 

MXCA. The following classification of minerals belonging to the mica-group is 
given by Tschermak {Jahrh.f. Min. 1878, 71). Micas are divided into uniaxial and 
diaxial, and the latter exhibit two kinds of orientation, the uniting lino between tlie 
optic axes lying, in the first, in a diagonal of the hexagonal lamellae, whilst it is per- 
pendicular to that direction in the second. Uniaxial mica was called Uotite by Haus- 
mann, whilst certain micas with small angles of the optical axes were called yhlogo’- 
pits by Dana. The diaxial micas were all called muscovite. Non-ferruginous litliia- 
mica is called epidolite, and is similar to muscovite in its properties, but that 
containing iron (zinnwaldite) resembles phlogopite. 

Prom the results of former investigations Tschermak arranges the micas in the 
following manner: — 

I. II. 

Biotite. Anomite. Meroxene. Lepidomolaim. 

Phlogopite — Phlogopite. Zinnwaldite. 

Muscovite. Lepidolite. — — 

Muscovite. — — 

Paragonite. — — 

Murgarite. — 


Margarite. 
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The micas in Class I. exhibit the same optical orientation, the plane of the optical axes 
being perpendicular to the plane of symmetry, whilst the plane of the optical axes in 
the micas of Class II. is parallel to the plane of symmetry. Anomite is a rare mica 
with peculiar chemical composition. Meroxene is the name given to all Vesnvian 
micas. Tschermak concludes that all onicas belong to the monosymmetrical (monoclinic) 
system, and that their twin-formation leads to the assumption of a system of axes 
which is characterised by the two axes in the plane of symmetry intersecting each 
other almost at an angle of 90°. This last peculiarity accounts for the rhombic types 
at one time and rhombohedral types at another time observed to occur in these micas 
(iii. ] 010). The optical relationships of the micas is given in the following table, the 
dispersion being stated in the usual manner (p denoting red and v violet light), and in 
addition +/ signifies that the positive optical axis angle is rendered greater by an 
increased amount of iron in the mineral, and —/that the same angle is diminished by 


an increase of iron ; — 

1. 

Anomite . 

. p>v +/. 

II. 

Meroxene 

• (><" — /• 

Lepidolite . 

. p>v 

Phlogopite . 
Zinnwaldite . 

• ?<" -/• 
• p<" -/• 

Muscovite . 
Paragonite . 
Margarite . 

■ f>>U +/. 

. p>v 
. p>v 



From this table it appears that with micas of Class I. the dispersion is generally 
p > V up to margarite, and with the micas of Class II. p < u up to zinnwaldite. In all 
these eases no relationship can be traced between the chemical and optical properties, 
a fact which agrees with Tschermak’s observations in respect to augite and bronzite. 

N. T. Kokscharow, on the other hand {Jahrh.f. Min, 1877, 798), regards all micas 
without exception as belonging to the orthorhombic system, with the angle 
ooP : ooPoo exactly equal to 120°, their monoclinic character of symmetry being only 
apparent. The axial ratio a .* 6 : c is 1 : 1 73205 *. 2-84953, or 0-57736 : 1 : 1*64618. 
Twins are formed according to the two laws : Twin-plane coP or oof 3. 

H. Baumhauer {Munch, Akad, Ber. 1874, 245; Jahresh. f. Chem, 1875, 2) infers 
from an examination of the corrosion-figures produced on potash-mica and magnesia- 
mica by the action of a hot mixture of fluorspar and sulphuric acid, that the former 
belongs to the mono clinic, the latter to the rhombohedral system. 

G. vom Bath {Bogg. Ami. clviii. 420) describes a six-sided plate of mica with re- 
entering edges (from Vesuvius) as a twin of the combination fP2 . ooP2 . OP, according 
to the law : Twin-axis normal to OP ; angle of rotation 120°. Tschermak {Min. 
Mitt. 1876, 87) describes twins of biotite from Vesuvius as belonging to the monoclinic 
system. 

Potash-mica. Muscovite. — According to M. Bauer {Berl. Akad. Ber. 187 
684 ; Jahrh.f. Min. 1878, 310), the micas of this variety are monoclinic, the plane of 
the optic axes being perpendicular te the plane of symmetry, the optic median line 
forming with the cleavage-face an angle of 88° 18' and the angle of the optic axes 
being equal to 40° 21'. 



1 

2 

3 

4 

6 

6 

7 

8 

Fluorine 

0*12 

not det. 

0*15 

2*06 

2*16 




Silica 

45*61 

45*81 

45*57 

47*01 

46*46 

48*76 

58*64 

40-77 

Alumina 

36*36 

36*78 

36*72 

32*46 

32*76 

29*91 

25*00 

15*59 

Ferric Oxide . 

1*33 

1*05 

0*95 

— 

— 

4*24 

5*11 

26*55 

Ferrous Oxide 

1*07 

not det. 

1*28 

4*42 

4*01 

0*41 



0-7S 

Magnesia 

0*66 

0-77 

0*38 

1*05 

1*03 

2*63 

2 11 

5*89 

Lime 

0*46 

not det. 

0*21 

— 

— 

0*33 

0*61 

0*86 

Lithia . 

— 


0*19 

— 

trace 

— 

— 



Potash . 

not J 

9*22 

8*81 

8*86 

8*86 

6*83 

5*14 

5 07 

Soda 

det. ( 

0*79 

0*62 

1*56 

1*56 i 

2*31 

1*31 

1 1*40 

Water . 

4-93 

4*72 

5*02 

3*44 

3*44 

4*60 

2-08 

1 2*32 


— 

— 

99*93 

100*86 

100*28 

100-02 

100*00 

99*23 

Specific Gravity 

j 2*830 

-* 

2*846 

— 

— 

2-7745; 

— 

2*967 


Ko. 4 contains traces of litliia ; No. 5 traces of titanic oxide. 
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Analyses . — 1 and 2, from India, analysed by L. Sipoez. 3. From Bengal, by 
S, Blau (Ludwig, Jahrh.f. Min, 1874, 84). 4 and 5. "White, from the granitic gneiss 
of New York (P. Schweizer, ATner. Chemist^ iv. 445). 6. Light-brown transparent 

plates mixed with oligoclase and orthoclase, distinguished by its large amount of 
sodium and silicon ; locality not stated (Lobisch, ilhVt. Mitt. 1877, 271). 7. Mica 
from the eelogite of Saxony (E. v. Gerichten, viii. 703). 8. Mica from the horn- 
blende andesite of Transylvania, analysed by K. John (viii. 1043). 

Ziithla-mica. 1. Le’pidolite from Paris, Maine, having a larger grain, and finer 
lilac colour than the following. 2. LepidoUte from Eozena, in Moravia. Bunsen a. . 
Kirchoff found in this mineral 0*24 per cent, rubidium, which must be deducted from 
the amount of potash in the analysis given below : the spectroscope showed also a 
trace of csesium. 3. Zimiwaldite^ from Zinnwald, in Bohemia ; rubidium and caesium 
were detected in it spectroscopically ; thallium has not been found either in this or in 
any other lithia-mica (Berwerth, Jahrb.f. Min. 1877, 830 ; 1878, 316). 4. Mica fl?om 
the neighbourhood of Portland and Middletown, Connecticut, distinguished by its large 
amount of ferrous oxide and by the presence of lithium, the latter boiii^ recognisable 
by the colour which it gives to the blowpipe flame. This mineral is found in granitic 
veins in gneiss and mica-slate ; it is optically uniaxial (?), and intimately intergrown 
with muscovite. The numbers under (4) are the mean of two analyses: 



1 

2 

3 

4 

Fluorine . . 



515 

7*88 

7'94 

0-76* 

Silica .... 



60*39 

50*98 

45*87 

35*61 

Titanic Oxide . 



— 

— 

— 

1*46 

Alumina . 



28*19 

27-80 

22*50 

20*03 

Ferric Oxide 



— 

— 

0*66 

0*13 

Ferrous Oxide . 



— 

0-05 

11*61 

21*85 

Manganous Oxide 



trace 

trace 

1*75 

1*19 

Magnesin . 



— 

— 

— 

6*23 

Lithia 



5*08 

5*88 

3*28 

0*95 

Potash 



12*34 

10*78 

10*40 

9*69 

Soda .... 



— 

— 

0*42 1 

052 

Water 



2*36 

0*96 

0*91 I 

1*87 

Phosphoric Anhydride 



— 

0*05 j 

0*08 j 

— 




103*51 

104*38 1 

105*48 

99-29 

Deducting 0 equiv. to F 


. 

2*17 

3*32 ' 

3*34 

0-32 

there remains 

• 

• 

101*34 

101*06 j 

102*14 

98-97 

Specific gravity . 

• 

• 

2*8546 

2*834 

2*9715 

2-96 


* Loss by ignition. 


Magnesia- micas (see next page). 



1 

2 

3 

4 

5 

G 

7 

Silica 

40*81 

38*49 

40*24 

39*30 

40*34 

49*44 

39*55 

Titanic Oxide . 

— 

— 

0*56 

— 

— 




Alumina . 

16*47 

14*43 

12*92 

16*95 

15*14 

26-05 

15*95 

Ferric Oxide . 

2*16 

5*44 

7*67 

0*48 

2*20 



7*80 

Ferrous Oxide . 

5*92 

14*76 

2*d5 

7-86 

0*77 

2*02 


Manganous Oxide 

— 

— 

— 

0*59 


0*29 



Magnesin . 

21*08 

16*35 

23*29 

21*89 

27*97 

3*03 

22*25 

Baryta 

— 

— 

— 

— 

2*46 

5*76 



Lime 

— 

— 

0*35 

0*82 

— 

1*81 



Potash 

9*01 

8*12 

( not 5 

7*79 

7-07 

7*54 1 

10*35 

Soda 

1*55 

.0*33 

i det. ) 

0*49 

2*58 

Water 

2*19 

0*89 

0*68 

4*02 

3*21 

4*24 

4*10 

'Fluorine . 

trace 

trace 

1 

— 

0*89 

0*82 



Specific gravity 

1 99*19 

99*00 

3*004 

— 

101*08 

2*864 
at 16° 

102*56 

2*959 
at 16° 

100*18 

2*83 
at 10° 

100 

2-84 






MIOA-PORPHYBY— MILARITE. 


im 


Magnesia-micas. 1. JPlilogo^ite^ occurring, together with apatite, at Oede- 
garden, in Norway. Colour hy reflected light, dark-reddish brown ; by transmitted 
light, rose-red in thick, yellow in thinner laminse. Optically biaxial (Broggen a. 
Rensch, Jahrb. f. Min. 1876, 196). 2, Mica from Vesuvius; blackish plates, im- 
planted together with vesuvian or limestone (Berwerth, i&zc?. 1877, 630; 1878, 316). 
3. Barytio BhlogopUe, from Edwards, St. Lawrence County, New York ; brown trans- 
lucent plates. 4. Barytic Mica, occurring imbedded in thin white layers in the 
emerald-bearing mica-slate of the Habacfrthal, Salzburg : rhombic, with the faces 
oaP and OP ; cleaving very easily in the direction of the latter (Sandberger, ibid. 
1875, 624). 5. Euchlorite from Chester, Massachusetts (Pisani, Cornet, rend, b^xxiii. 
166). 

MXCA-PORFHlTRir. See Poephtet. 

MXCii-SXiATZ:. On the mica-slate region of the Saxon Erzgebirge, see 
Kalkowsky {Zeitschr. geol. Ge$. xxviii. 682; Jahresb.f. Chem. xxviii. 682). 

MXCA-TRAPP. On the mica-trapp of Metzdorf, near Oederan in Saxony, see 
Kalkowsky {JaSrb.f. Min. 1875, 488). 

MXCBOXiXSrS. Triclinio felspar containing from 11 to 16 per cent, potassium 
and only a small proportion of sodium (see Eelspae, p. 775). 

MXCXtOXiXTB. See Tantalatbs. 

MXCROSOMMXTE. A mineral discovered by Scacehi {Jahresh. f. Chem. 
1873, 1147) in the pores of blocks ejected from Vesuvius in the eruption of April 
1872, and further examined by O. vom Rath {Jakrb. f. Min, 1873, 544) and by 
Rammelsberg Acad. Ber. 1876, 699). It has probably been formed by the 

action of voicanie vapours charged with sodium chloride on the leueites and augites 
of the lavas. It is accompanied by iron-glance. The crystals, which are extremely 
small (1500 weighing only about OT grm.), belong to the hexagonal system, and 
exhibit the combination <»P.0P, sometimes with P; angle of the middle edge 
=•43*40°, whence the ratio of principal axis to the secondary axes m 1 : 2*88. 
Hardness = 6. Sp. gr. =2*6 at 15®. From the results of an analysis (A) made 
with a very small quantity of substance, vom Rath deduces the formula 
(fK^0.fCa0).Ai20^2Si02-f NaCl-i-^(Ca0.S03), which gives the values B, agreeing 
nearly with the analytical numbers, excepting that the percentage of sodium^ found is 
somewhat greater than the calculated value, indicating that the sodium is present 
only as NaCl. 


SiO* 

A1"0» 

CaO 

K^O 

Na 

01 

SO» 

33*0 

29*0 

11*2 

11*5 

6*5 

9*1 

1*7 = 102 

33*0 

28*3 

10^5 

10*4 

6*3 

9*8 

1*7 = 100 


Microsommite is therefore a member of the sodalite group, nearly related crystallo- 
graphically to nephelin (vom Rath). 

According to Rammelsberg, the crystals of microsommite are identical in fopi 
with nephelin, and consist of a mixture of two substances, one of *which contains 
sulphuric acid, while the other is free from it. The remaining constituents, SiO^ 
APO’*, CaO, Na^O, Cl, are the same for both. The silicate of the former is 
B2APSP0^2CaAPSP0®, while that of the latter, which contains chlorine without sul- 
phuric acid, is RsAPSi^O’^ ^Ca^Al^SisOsi 

MXXiiiRXTE. This mineral, from Graubiinden, Switzerland, first analysed by 
Kenngott, who regarded it as a zeolite, and afterwards by Frenzel, who assigned to it 
the formula SE^O.CaOAPO^.lSSiO^, regarding the water as basic (vii. 809), has been 
further analysed by Finkener {Jahrb.f. Min. 1874, 61), who finds it to contain : 

SiO“ A1“0» CaO MgO E“0 Na*0 H=*0 Sp. gr. 

70*04 11*62 10*05 0*20 2*74 0*65 1*69 « 99*99 2*5 

and by E. Ludwig {ibid. 1878, 411), who obtains the numbers given under A, which 
ao-ree nearly with those found by Finkener, and may be represented by the formula 
HKCaAPSi^^oao H-0.K20.2Ca0.2AP03.24Si0^ which gives the values B : 

SiO® A1=0® CaO MgO K“0 Na"*© H®0 

(A) . 71*81 10*67 11*65 trace 4*86 trace 1*36 = 100*35 

(B) . 72*66 10*39 11*30 — 4*74 — 0*91 = 100 

Sp.gr. = 2*5529. 

According to Tschermak, the crystals, apparently hexagonal, a:^ re^ly rhombic 
intersection-twins according to oo P, and exhibit the faces oo P oo, oo P3, 3P3, OP. 
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MXXiK. Composition. 1. Of Human Milk. 

The following results have 

been obtained by Brunner {PJiuger's Archv\ f. Physiologic, vii. 

448), 

and Christenn 

{Landw. Vers, St. xx. 439) : 

Brunner 


Clinstenu 

Total Solids ....... 

— 


12*75 

Water 

90*00 


87-24 

Fat 

1*73 


4*23 

Sugar 

6*23 


5*96 

Proteids 

0*63 


1*90 

Soluble salts 

1*41 

salts 

0*28 


For the methods of analysis, see p, 
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Analyses of the Milk of women of different ages have been published by H. G-erber 
{Bull, Soc. Chim. [2], xxiii. 342) : 


Age 

33 years 

32 years 

23 years 

27 years 

2S^years 

23 years 

Water 

88*02 

86*22 

84*86 

86*62 

87-57 

93*17 

Butter . ' . 

2-flO 

4*54 

5*23 

4*64 

3*44 

2*15 

Casein and Albumin . 

1*60 

2*81 

2*74 

2*03 

2*03 

1*06 

Sugar 

7-03 

5*96 

6*40 

6*46 

6*27 

3*46 

Salts .... 

0*31 

0*41 

0*75 

0*22 

0*67 

0*14 

Reaction . 

slightly 

acid 

neutral 

neutral 

alkaline 

neutral 

neutral 

Sp gr. . . . 

1*0272 

1*031 

1*029 

, 1*028 

1*031 

1*0215 


H. A. Mott {Amer. Chemist^ vi, 364) finds that the milk of women of African race 
is richer in solid constituents than that of women of the Caucasian race. 

2. Cows’ Milk. The following results have been obtained by Gorbor {loo. cit,) 
as the mean of four analyses, and by C. A. Cameron {Cham, News, xxxi. f54) as the 
result of forty analyses, of the milk of cows from Dublin dairies : 

Water Fat ProtoMs Sugar Salts Sp. gr. 

Gerber . . . 86*21 4*18 4*43 4*28 0*86 = 99*96 1*0262 

Cameron . . . 87*00 4*00 4*10 4*28 0*62 = 100 

Stevenson Macadam {American Clmisi, v. 419; vi. 30) has analysed 66 samples 
of the milk of 46 cows from dairies in Edinburgh, and 7 samples from a farm where 
the cows were fed on good pasturage, with the following mean results : 


Edinburgh Milk from 

milk the farm 

Total of Solid Constituents .... 12*27 12*77 p. c. 

Fat 2*58 2*88 

Ash 0*71 0*71 


From the individual analyses, Macadam concludes that the quality of the milk is 
affected by that of the fodder and the amount of water contained therein, by the 
season, the temperature of the cow-house, the race, age, and health of the cow, and 
the time of calving. Unadulterated milk from town dairies should have a density not 
less than 1*03, and should contain : 

Cream not less than 6 vol. per cent. 

Solids „ 11 „ 

Fat „ 2 „ 

Salts „ 0*65 „ 

F. N. Macnamara {Chem. News, xxvii. 273) has analysed the milk of small Bengal 
cows, whose daily food usually consists of about 12 lbs. of rice-straw, 2^ oil-cake, 
1 lb. rice-husks, the water in which the rice for the family has been boiled, and 35 lbs. 
of water. The following are the results : 
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Milk of Bengal Cows. 



Age of calf 

Daily yield 
of miUr 

Evaporation- 
residue of the 
milk 

Casein 

Sugar 

Fat 

Salts 

1. 

1 month 

64 lb. 

15-12 

5-50 

3-98 

4-98 

0-76 p. c. 

2. 

2 „ 

5 „ 

12-82 

4-30 

4-40 

3-60 

0-70 „ 

3. 

n » 

5 „ 

15-28 

5-76 

4-10 

4-10 

0-84 „ 

4- 

5 „ 


11-90 

4-30 

4-37 

2-52 

0-78 „ 

5* 

6 „ 

10 „ 

12-04 

4-30 

4-10 

3-20 

0-70 „ 

6- 

7 „ 

5 „ 

11-65 

5-40 

3-86 

1-90 ' 

0-82 „ 

7* 

10 „ 

4 „ 

11-92 

4-20 

4-37 

3-00 

0-68 „ 

8-* 

2 „ 

— 

15-90 

7-76 ! 

3-40 

4-10 

0-90 „ 


* This cow was milked only every second or third day. 

Voelcker News, xxxii. 26) has analysed the morning and evening milk from 

the farm of the Royal Agricultural College at Cirencester, for the several months of 
the year 1863, with the following results : 




Jan. 

Feb. 

March 

April 

May 

June 

July 

Sept. 

Cct. 

Eov, 

Dec. 

Water 

Morning 

87-70 

87-50 

88-60 

87-50 

88-20 

87-30 

88-70 

89-91 

87-60 

87-10 

86-70 


Evening 

87-40 

86-40 

88-16 

89-00 

87-80 

87-30 

87-80 

90-70 

90-30 

86-20 

86-00 

Butter 

Morning 

2-60 

2-58 

2-71 

3-15 

2-42 

3-05 

2-22 

1-99 

3-90 

3-41 

3-74 

9 S • 

Evening 

2-28 

2-53 

2-96 

3-47 

2-71 

2-94 

3-61 

1-79 

2-99 

3-78 

4-12 

Casein ] 
and 1 

Albumin j 

Morning 

Evening 

2-94 

3-44 

2-43 

2-94 

3-12 

3-00 

2-94 

2-94 

2-87 

2-94 

2-87 

2-87 

3-37 

2-62 

2-69 

2-87 

2-87 

2-81 

--•81 

2-37 

3-19 

3-62 

Milk-sugar 

Morning 

S-82 

5-44 

5-35 

6-60 

5-49 

5-S9 

5-38 

4-48 

4-84 

5-41 

5*92 

9> 

Evening 

6-56 

5-56 

6-55 

5-08 

5-85 

6-05 

5-10 

4-04 

3-76 

5-68 

6-46 

Ash . 

Morning 

Evening 

0-94 

1-04 

0-91 

0-81 

0-77 

0-76 

0-76 

0-6 4 

0-79 

1-14 

0-77 


0-89 

1-14 

0-77 

0-76 

0-77 

0-84 

0-68 

0-66 

0-58 

1-15 

0-80 


E. L. Cleaver (Pharm. J. Trans. [3], iv. 973) has examined the changes produced 
in the amount of the solid constituents of milk by keeping. For this purpose, a 
quantity of milk drawn from the cow on April 30 was divided into several portions, 
one of which was analysed immediately, the others at the dates mentioned below : 







Total solids 

Fat 

Ash 

April 30 . 




* 

12-48 

3-6 

0-7 

May 1 . 




* 

12*37 

3-6 

0-7 

„ 2 . 





12-18 

3-6 

0*7 

„ 4 . 





12-12 

3-6 

0-7 

„ 6 . 





12-09 

3-6 

0-7 

» 8 . 





1-2-07 

3*6 

0-7 

„ 12 . 





11-97 

3-52 

0-7 

„ 18 . 





11-97 

3-4 

0-7 


A careful examination of the milk of cows both in health and in disease has 
lately been made by A. Wynter Biyth {Qhem. Soo. J. 1879, xxxv. 530), whose analyses 
give for the average composition of healthy cows’ milk : 

Bitter 

Water Fat Sugar Casein Albumin G-alactin principle Ash 

86-87 3-60 4-00 3*98 0-77 0*17 0*01 0*70 

besides a nitrogenous colouring matter called lactochrome, the quantity of which was 
not determined, and traces of creatine and urea. 

Galactin is described as a nitrogenous substance (regarded by Biyth as an alkaloid) 
which is precipitated, together with lactochrome, from the whey by mercury nitrate, 
after the casein and albumin have been completely removed. On decomposing the 
mercury precipitate with hydrogen sulphide, and treating the filtrate (freed from excess of 
H^S) with lead acetate, a lead-compound of galactin is thrown down ; and this, when 
decomposed by hydrogen sulphide, yields a solution from which, by evaporation, the 
galactin is obtained in the form of a white, brittle, neutral, tasteless, non- crystalline 
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mass, soluble in water, insoluble in alcohol, and giving precipitates with sodium 
phospbomolybdate and metatungstic acid. The composition of galactin appears, from 
the analysis of its lead compound, to be 

The filtrate from the galactin precipitate, freed from excess of lead by hydrogen 
sulphide and treated with mercury nitrate, yields a precipitate of the mercury-compound 
of lactochrome, the composition of which is stated to be (?), and 

from this precipitate the lactochrome may be separated in the form of bright orange- 
red, resin-like masses, softening at 100°, very soluble in water and in hot alcohol, but 
separating partially as the liquid cools. Strong solutions give a simple spectrum, 
allowing most of the red and yellow rays to pass through. 

From analyses of the milk of diseased cows, Blyth infers that a cow suffering 
even from very acute disease (phthisis, pneumonia, congested liver, &c.) may give 
milk differing in no essential particular from normal milk, whereas local affections of 
the udder, characterised by bloody or purulent deposits, may easily be recognised by 
the presence of such products in the milk. The milk of a cow attacked by cattle- 
plague was, however, found by Blyth {Ckem. News, 1876, xxxii. 244) Jbo differ con- 
siderably in composition from normal milk, as the following numbers will show : 



Water 

Pat 

Casein 

Sugar 

Ash 

Average normal milk 

87-S50 

3*070 

4-160 

4*760 

0*730 p. c. 

Milk 1st day of sickness 

91*239 

0-390 

2*899 

4*809 

0*663 „ 


79*903 

6*010 

14*380 

0-707 „ 

»> j> )» i> * 

86*320 

3*838 

9*135 

0*707 „ 

,, 3rd ,, ,, . 

87*676 

0*891 

3*948 

7*152 

0*333 „ 

,, 4th ,, ,, • 

83*852 

7*798 

3*469 

4*669 

0*212 „ 

}j 5 ji jj j> • 

87*900 

1*062 

10*376 

0*662 „ 

jj 7 „ jj }) 

86*067 

1*587 

10*849 

0*507 „ 

» 14,, ,, ,, 

83*882 

3*961 

11*478 

0*679 „ 


The milk of the diseased cow contained organised structures which were not present 
in normal milk, and the globules of the butter-fat had a strong tendency to agglutinate. 

According to W. Fleischmanu {JDingl. pol. J. ccxiv. 461), 100 kg. of milk, after 
being left at rest for twenty-four hours for the cream to separate, and then treated by 
the ice process, yield the following quantities of the several constituents : 


Kilograms 
20*00 Cream 

79*70 Skimmed milk 
0*30 Loss 


3*56 Butter 
16*30 Butter-milk 
0*14 Loss 
7*93 Curd 
71*45 Whey 
0*32 Loss 
0*30 Loss 


100 


100 


The percentage composition of fresh cows’ milk, and of its products, primary and 
secondary, was found by Fleischmann to be as follows : 





Water 

Fat 

Casein 

Albumin 

Milk- 

sugar 

Ash 

Whole Milk 



87*60 

3*98 

3*02 

0*40 

4*30 

0*70 

Cream 



77-30 

15-45 

3*20 

0*20 

3*15 

0*70 

Skim-milk . 



90-34 

1*00 

2*87 

0*45 

4*63 

0-71 

Butter 



14*89 

82-02 : 

1-97 

0-28 

0*28 

0*56 

Butter-milk 



91*00 

0*80 1 

3*50 

0*20 

3*80 

0*70 

Curd . 



59*30 

6-43 

24*22 

3*53 

5*01 

1*51 

Whey. 



94*00 

I 

0*35 1 

0*40 

0*40 

4*55 

0*60 


The division of the individual constituents of the milk between the several products 
is represented by the following numbers : 
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Composition of Cows* Milk, 



“Water 

Fat 

Casein 

Albumin 

Milk- 

sugar 

Ash 

Butter 

2 

73 

6 

4 , 

1 

5 

Butter-milk 

17 

7 

1 20 

8 

14 

17 

Curd .... 

5 

14 

64 

70 

10 


Whey 

76 

6 

i 10 

1 

18 

75 

! 

1 '' 


3. Milk of other Aoiimals, — The milk of sheep and goats has been analysed by 
Macadam {JPliarm. J. Trans. [3], iv. 959) ; that of mares and sows by Cameron 
(Chem. Sews, xxxi. 54): 



Water 

Fat 

Proteids 

Sugar 


Ash 

Mare . . . 

. 90-310 

1*055 

1*953 

6-285 


0-397 

Sow , 

. 81*760 

5*830 

6*180 

5*335 


0-895 



Total Solids 

Fat 


Ash 


Sheep 

. 

. 17*78 

5*72 


0-94 


G-oat . 

. 

. 13*43 

4*31 


0-73 



M. Schrodt {Landw. Versuchs.-St. sxiii. 311) found in the milk of a five-years’ old 
mare, ten weeks after foaling, 8'85 per cent, of dry substance, consisting of 1*27 
fat, 1*50 proteids, 5'75 milk-sugar, and 0*37 ash. The fresh milk was perfectly 
neutral. 

J. Duval found in fresh mares’ milk an acid different from hippuric acid, which he 
designates as equinic acid (p. 736). 

'Reaction of Milk with Lit rmis, — The most contradictory statements have 
been made “US to the reaction of normal fresh cows’ milk with litmus, some observers 
having found the reaction of milk to be acid, while others describe it as alkaline. 
Soxhlet considers that milk possesses what he calls an amphoteric or arnphigenic 
reaction, i.e. that it has the remarkable property of turning simultaneously red litmus 
blue and blue litmus red ; and this arises from the fact that milk contains both acid 
and neutral phosphates of the alkali-metals. Heintz maintains that a fluid containing 
both acid and ordinary alkaline phosphates simply imparts a violet colour to red and 
blue litmus paper. 

A. Vogel {J.pr. Chem. [2], viii. 137) uses, instead of litmus-paper, a carefully pre- 
pared neutral tincture of litmus, and, as the results of his experiments, states that he 
has never yet found freshly drawn cows’ milk with a decided alkaline reaction. When 
litmus- tincture which has been reddened by milk is left exposed to the air in a 
watch-glass, it gradually loses the red colour and passes into blue, whereas if it be 
closely corked up, it retains the red colour, though in some cases it seemed to become 
slightly blue in the course of an hour or two. In either case it acquires after three 
or four days a deep red, owing to the formation of lactic acid. Hence it follows that 
normal fresh cows’ milk contains no free lactic acid. Litmus -tincture reddened by 
milk also becomes blue if shaken up and poured backwards and forwards from one 
vessel to another, and more especially on heating. Vogel thinks that the restoration 
of the blue colour in these cases is due to the escape of carbonic acid which fresh milk 
contains. Soxhlet also found that milk, when subjected to the action of the air-pump, 
gave up carbonic acid, and became decidedly alkaline. Other tests for alkalinity in 
liquids were also applied by Vogel to milk, with negative results. 

Out of the milk of 30 cows which was examined by Bischoff at Schleisheim, only 
two specimens showed the double reaction with certainty. In the greater number of cases 
the reaction was either neutral or transiently acid. Some specimens, however, gave 
at first a weak alkaline reaction, quickly passing into acid. This effect may have been due 
to the absorption of ammonia by the milk, as the experiments were made in the stalls. 

fermentation of Milk. — E. Reichardt {Arch. Pharm. [3], v. 210) observes that 
milk-sugar in contact with yeast at 30° passes into alcoholic fermentation. This 
observation explains the fermentation of mares’ milk, which is utilised in the warm 
climate of Asia for the preparation of alcoholic drinks, such as Koumiss, and likewise 
points out the means of preventing the spontaneous fermentation of milk, by cooling 
it rapidly, keeping it in cool places, and protecting it from contact with dough or 
fermenting liquids, by which yeast-germs might be introduced into it. 

E. Tisserand (Compt. rend. Ixxxii. 266) observes that the nearer milk is brought 
to the temperature of 0° C., the more quickly does the cream rise to the surface, and 
the more complete is the separation, so that the yield of butter is thereby increased ; 
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moreover, both the butter and the cheese are improved in quality by exposure to low 
temperatures during their preparation, probably in consequence of the effect of the 
cold in arresting the development of organisms which excite fermentation. 

According to Soxhlet (Bingl. 'pol.J. ccxxiii. 329), milk cooled by ice-water remains 
sweet and unaltered for fourteen days, but afterwa,rds gradually acquires a rancid 
taste, and after twenty-eight days becomes coagulable by boiling, in consequence of 
the presence of acids formed by oxidation of the milk- fat ; after thirty-four days it 
was found to coagulate even in the ice-water. 

Observations on tbe use of Salicylic acid as an antiseptic in dairy operations have 
been published by Manetti a. Musso {Ber. ix. 1438 ; Piumn. J. Tranti. [3], vii. 175). 

On the use of Boric acid for preserving milk, see HirscLberg (Arch. Phar7n. [5J, 
520). 

Coagulation of Milk , — According to B4champ {Cornet, rend. Ixxvi. 654, 836), 
the coagulation of milk is due to the peculiar physiological^ activity of microzymes, 
which are present in normal milk, and simultaneously excite alcoholic, acetic, and 
lactic fermentation, whether they have been previously developed iiftto bacteria or 
not. Recently drawn cows’ milk contains alcohol and acetic acid, the quantities 
of which increase in the curdled milk. Matthieu a. Urbain, on the other hand, 
attribute the coagulation of milk to a process of oxidation, and the consequent 
formation of acids. 

The observation of Schwalbe (vii. 811), that the curdling of milk is prevented by 
oil of mustard^ has been confirmed by A. Vogel {N. Bep. Pkarm. xxiii. 506), who finds 
that this compound greatly retards the formation of hictic acid. Bitter almond oil 
and cinnamon oil likewise retard the formation of acids, but in a much lower degree 
than mustard-oil. Turpentine-oil, clove-oil, benzin (light petroleum), phenol, carbon 
disulphide, and hydrogen sulpliide, added in the proportion of 1 drop to 20 grams 
of milk, produce scarcely any retarding action. Schwalbe’s observation that casein is 
converted by mustard-oil into albumin has not been confirmed by Vogel. 

According to Schreiner {Landw. Versuchs.^St. xxii. 60), boiled milk does not 
coagulate spontaneously so soon as unboiled milk ; whilst, on the contrary, boiled 
milk requires 10 to 12 per cent, more acid to coagulate it than unboiled milk does. 
The amount of rennet which serves to curdle fresh milk is insufficient to curdle one- 
tenth the amount of boiled milk, even when applied ten times as long, and at the same 
temperature (35® C.) The time required for spontaneous coagulation of fresh milk, 
and the amount of acid required to produce the same eifect, depend on the amount 
of solids in the milk. Unboiled milk treated with rennet curdles the sooner, the less 
the amount of total solids. The amount of acid required to coagulate milk from the 
same animal increases in the time from the last calving up to the subsequent dry 
period, with the increase of the total solids during the lactation period. Milk from 
Friesland cows gave during this time an increase of solids of from 1 1 to 13 per cent., 
whilst that from Simmenthal cows gave an increase from 12 to 16 per cent. Oi'osses 
between the two breeds gave milk which sometimes approached the one, and sometimes 
the other in the amount of increase. Milk, when boiled, evolves hydrogen sulphide 
which may he easily detected in the usual way. 

"Dialysis of Milk . — When milk is subjected to dialysis through sized paper, the 
casein remains on the dialyser in the form of a finely divided precipitate insoluble in 
soda-ley, acetic acid, and in the concentrated diifusate of the milk, whence it appears 
to have undergone alteration. If the dialysis be allowed to go on for about thirty 
hours, and the inner liqtiid be then filtered, a neutral solution of casein is obtained 
nearly free from fat, containing only small quantities of the phosphates of magnesium 
and calcium, and yielding on acidulation a precipitate of casein : the soluble salts, 
therefore, contribute nothing to the retention of the casein in solution in the milk. 
If the dialysis be continued for a longer time, the casein becomes insoluble, and the 
diffusate contains a little albumin, together with a nitrogenous crystalloid substance 
which Schmidt regards as the solvent of the casein and of the calcium phosphata 
Casein, precipitated by acetic acid from diluted milk, washed with water, dissolved in 
soda-ley, and freed from fat by ether, gave by dialysis a neutral liquid, yielding on 
acidulation a precipitate of casein which dissolved in the concentrated milk diffusate. 
Casein is therefore insoluble in water, but is retained in solution in milk through the 
agency of certain nitrogenous bodies. Casein, precipitated in consequence of spon- 
taneous acidulation, dissolves in the diffusate of milk ; casein precipitated by rennet 
does not. 

Milk contains a ferment which converts milk-sugar into lactic acid, and therefore 
plays an important part in the spontaneous coagulation of milk. The coagulation 
produced by rennet takes place even in the alkaline liquid, so that the acid plays 
merely an auxiliary part in the coagulation (Al. Schmidt, N. Bep. Pharm. xxiv. 315). 
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Milk Analysis. The following method is given by Eitthansen {J, Chem, 
[2], XV. 329 ; xvi. 314:). The milk, diluted with 20 pts. of water, is precipitated by 
a solution of cupric sulphate, and the corresponding quantity of caustic potash or, 
soda-ley; the precipitate, which contains all the proteids and all the fat, is collected 
on a weighed filter, and the filtrate is used for estimating the milk-sugar by Fehling’s 
process. The fat is extracted from the copper precipitate by ether* and estimated, 
and the copper precipitate, after final washing with alcohol, is dried, weiglied, and 
ignited, the loss of weight on ignition being reckoned as protein-substance. Eitthansen 
finds in milk a very small quantity of a carbohydrate different from milk-sugar, and 
exhibiting some resemblance to dextrin. 

G. Christenn {Landw. Ve}'suchs.-8t. xx. 439) has discussed the several methods 
which have been proposed for the analysis of milk, and gives the preference to that of 
Haidlen (iii. 1016), which may be applied to the analysis of the milk of any animal. 
It consists in mixing the milk with one-fifth of its weight of finely powdered gypsum, 
evaporating to dryness at 110®, and weighing the residue, the loss giving the amount 
of water, and the weight of the residue, mi7i2is the gypsum, giving the weight of solid 
constituents. T?le fat is then extracted from this residue by ether, then the milk- 
sugar and soluble salts by alcohol of 85 per cent. The last residue contains the 
albuminoids and insoluble salts, the weight of which is equal to that of this residue 
after deduction of the gypsum. The quantities of the soluble and insoluble salts are 
determined in the usual manner, and the weight of the latter deducted from that of 
the last residue gives the amount of the albuminoids. 

The alterations in this method, proposed by Christenn, are : 1st, to add powdered 
glass instead of plaster of Paris * to the milk before evaporating to dryness, in order 
to avoid errors arising from the hygroscopic nature of the plaster of Paris, and from 
the solubility of this substance in dilute alcohol. This latter source of error gives 
too high results for the sugar, at the expense of the albuminoids. 2nd, to dry the 
residue at 95°-100° instead of 110°. 

The following process, devised by Christenn, also gives satisfactory results, closely 
agreeing with those obtained by Haidlen’s method. 10 grams of milk are mixed with 
10 e.c. of ether and 20 c.c. of alcohol ; the mixture is well stirred; and the precipitated 
albuminoids are collected on a weighed filter, and washed with a mixture of 1 part of 
ether and 2 of alcohol, until the filtrate, which is at first turbid, begins to run through 
clear. The precipitate, dried at 95°-l 00°, gives the weight of albuminoids and in- 
soluble salts; and the. weight of the latter is obtained by ignition. The filtrate evaporated 
to dryness gives the amount of fat, soluble salts, and milk-sugar; the fat is extracted 
with ether, the residue weighed, and the fat determined by difference. The mixture 
of soluble salts and sugar is ignited, and the residue treated with hot water. The 
weight of soluble salts is obtained by evaporating the aqueous solution to dryness and 
igniting. 

Estimation of Fat . — Macnamara {Chem. News, ' ss.yu. 242) encloses 10 c.c. milk 
and an equal volume of ether and alcohol in a tube holding 50 c.c., heats the liquid 
for two hours to 80°, then empties the tube, evaporates down to 10 c.c., agitates the 
residue with ether, and weighs the residue of the ethereal solution after drying it 
at 100°. 

Brunner (for the analysis of woman’s milk) adds acetic acid in quantity sufficient 
to neutralise the alkaline reaction, heats the liquid to boiling, and adds an indifferent 
salt, such as magnesium or sodium sulphate. The resulting precipitate contains the 
whole of the proteids and of the fat, which latter may be exhausted from it by ether. 

J. Horsley {Chem. News^ xxix. 224) estimates the fat by introducing 15 e.c. of the 
milk into a graduated glass tube 11 inches long, then adds an equal volume of ether, 
and agitates continuously for five minutes. An equal quantity of alcohol is then added, 
and the liquid, after renewed agitation for five minutes, is left at rest for some time, 
whereupon the fat collects at the top as an oily layer, and may be directly read off by 
the graduation, or pipetted off and weighed. The casein separated in this operation may 
be removed by filtration, and the milk-sugar and salts determined in the filtrate by 
known methods. 

E. L, Cleaver {Pharm. J. Tracis. [3], v. 703, 718) has compared the several methods 
proposed for the estimation of fat in milk, and has arrived at the following conclusions : 

(1) . Cold ether does not dissolve the whole of the fat from a dry milk-residue. 

(2) . Neither does boiling ether take up the whole if the milk-residue is in the state of a 
coherent mass. (3). The residue should be finely pulverised, and treated with boiling 
ether at least 3 or 4 times. (4). During evaporation the boiling of the ether must, as 
far as possible, be avoided. 

^ All sucli additions may, however, be dispensed with, since WanklynhassTiown that milk-residues 
may be easily and completely dried without the addition of any solid matter (vi. 830). 
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W. C. Heraeiis (Arch. Fka/rm. [3], xii. 443) estimates fat and water in milk by 
introducing 1 0 grams of the sample mixed with powdered glass into a small silver 
boat, placing the boat in an iron tube, one end of which is connected with a Bunsen 
-pump, and the other with a glass tube containing quicklime, and draws air at a tem- 
perature of about 35° through the tube for 30 minutes, at the expiration of which 
time the mixture is found to be perfectly dry. The residue is treated with petroleum 
ether, and the fat determined from the loss. 

Estimation, of Mtrogen and Eroteids . — Nencki (JDeut. Chem. Gres. jBer. viii. 1047) 
finds the direct method of estimating the proteids in woman’s milk unsatisfactory, 
and recommends that the milk be evaporated to dryness with lead chromate, and the 
nitrogen estimated by Dumas’ method. The following are tho analytical results : 


after birth. 

Albumin directly 
found 

Albumin calculated from 
the nitrogen found 

12 

1*6 

2*26 per cent. 

13 

1*26 

2*26 

15 

1*25 

2*70 ^ 

4 

2-3 

3*19 

8 

1*3 

2*40 

9 

1*12 

2*94 

10 

1T2 

1*77 

4 

1-38 

2*75 


L. Liebermann (Wdn. Alcad. JBer. [2 Abth.], Ixxii. 118) finds that, in the analysis 
of milk by the methods of Brunner and of Hoppe-Seyler, a considerable portion of tho 
protein- substance escapes precipitation, whereas Haidlen’s method precipitates the 
whole. The protei'da of milk may also be completely precipitated by tannin. Milk 
contains a proteid distinct from albumin and casein, but no nitrogenous body not 
belonging to the proteid group (comp. Wyntor-Blyth, p. 1323), 

G-. Lachenal (N. Arch. ^h. nat. Iv, 187) has made comparative analy.sesof the milk 
of women and of cows, in order to determine whether the whole of the protoin-sub- 
stances can be obtained by precipitation. Bor cows’ milk, he found by precipitation 
3T per cent., by nitrogen-estimation (Dumas’ process) 3-14 per cent, of protom-sub- 
stance; for woman’s milk, 1-41 per cent, by precipitation, 2*53 by nitrogen estimation. 
For cows’ milk, therefore, both methods are applicable, but for woman’s milk this is 
not the case. Cows' milk is richer in proteids than liuinan milk. The serum of cows’ 
milk, after coagulation of the proteids, contjiins neither casein nor albumin, whereas 
in woman’s milk, after coagulation, nearly the Indf of these boditfS remains in the 
serum. 

To estimate the casein, Manetti a. Musso pour 50 c.e. of very slightly acidulated 
milk into a basin, and heat it to 39°-“40° over a water-bath having a temperature 
of 50°~60°, then add a few drops of glycerin-solution, and expose the liquid to a 
temperature of 35°-40°. When the coagulation is complete, the mass is chopped up, 
washed on a filter, and freed from fat by digestion with alcoliol tind other, and the 
coagulum is dried at 116° and weighed. The phosphates precipitated at tho same 
time are estimated by incinerating the dried mass. 

The following method for the estimation of casein and fat in milk is given by J. 
Lehmann (Liehig's Annalen, clxxxix. 358-367). Five grams of milk diluted with an 
equal weight of distilled water are allowed to flow slowly from a pipette on to a porous 
earthenware plate standing over sulphuric acid, but covered with a clock-glass to pre- 
vent the evaporation of the milk. The pores of the plate must bo so small as not to 
admit the passage of the smallest milk* globule, the diameter of which is 0*001 to 
0*025 millimeter. In two hours the serum of the milk will be absorbed by tho plate, 
leaving behind the casein and fat. This residue is removed by the aid of a sharp horn 
spatula, dried for two hours at 105'’, and weighed. The fat is dissolved out in the usual 
way with ether ; and the residue, consisting of casein and mineral matter, is weighed, 
then ignited, and the weight of ash deducted from the weight of casein and ash. This 
method gives good results ; the fat determinations agree with those made by the 
ordinary process of evaporating to dryness and extracting with ether ; but the amount 
of ^casein is higher than that which Hoppe-Seyler obtains by precipitating with acetic 
acid. The great drawback to the process is the difidculty of obtaining plates possessing 
the requisite degree of porosity. 

MXXiB:-SVaB.R. See Sxtgaks. 

MXNEBil.XiS. Formation of j^etalliferous Veins. — F. Sandberger Chem. 
Ges. JBer. x. 2233), has examined a number of rock-forming minerals, such as olivine, ' 
hornblende, augite, and mica, for constituents occurring in the metalliferous veins by 
which the rocks are traversed, e.g. silver, lead, copper, zinc, cobalt, nickel, bismuth, 
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arsenic. The result of this examination shows a most intimate relation between the 
minerals in the veins and these traces of constituents in the adjacent rocks, and thus 
affords a direct proof of Bischof s suggestion ‘ that the metals of sulphuretted ores 
existed previously as silicates in the neighbouring rocks.’ 

Experiments and observations on the accumulation of copper-ores in veins 
have been published by C. A. Burghardt (jOhem, News, xxxvi. 281), leading to the 
conclusion that crystalline rocks contain metallic copper, which is converted by solu- 
tions of sodium chloride and carbonic acid into cuprous oxide, cupric chloride, and 
malachite. Experiment showed further that iron pyrites and a solution of cupric 
chloride react at 135°--210°, in such a manner as to form cuprous chloride, ferrous 
sulphate, cupric sulphate, and cuprous oxide ; and that cupric chloride with water at 
160°-180° yields a body resembling atacamite, together with free hydrochloric acid. 
The occurrence of brown hiematite in association with copper ores is referred to the 
further decomposition of the ferrous sulphate, and the transference of silica to the 
veins in the form of opal, to the action of the hydrochloric acid on the adjacent rock. 

On the Eeduction of Noble Metals by Metallic Sulphides in the Veins, see Metals 
(p. 1287). 

Formation of the Minerals which accompany Metalliferom Veins, — ^Experiments, old 
and new, on the formation of these minerals, have been published by Th. Scheerer 
{Fogg, Ann, Jubelb. 1874, 314). Calcspar is formed from solutions of calcium carbon- 
ate in water containing carbonic acid ; in like manner dolomite, and probably also 
brow7i spar, from the corresponding solutions. Barium sulphate may be obtained in 
crystals partly grouped together, by heating a dilute solution of barium chloride to 
245° with a slight excess of sulphuric acid. The artificial formation of fittorspar, and 
the simultaneous formation of fluorspar and heavy spar, have already been described in 
this volume (p. 798). Silica and fluorspar were obtained by the mutual action of 
barium silico-fluoride and calcium chloride at 250°, the latter in octohedrons, the 
former not as quartz but as a hydrate. All Scheerer’s experiments on silica led to 
the same result, so that the attempts to obtain quartz were not successful. The 
crystallisation of fluorspar in octohedrons at high, and in cubes at ordinary tempera- 
tures (p, 798), may throw light on the occurrence of the octohedral form in the older 
veins, and of the cube in those of more recent formation. All these experiments point 
to the conclusion that the minerals accompanying metallic ores, and therefore also the 
veins of ore themselves, have been formed in the wet way, in some instances under 
high pressure and at high temperatures. 

Decomposition. — According to F. W. Clarke {Sill. Am, J. [3], xiii. 290), many 
minerals may be decomposed by mixing them in fine powder with a threefold weight 
of common salt, covering the mixture with 12 to 15 parts of acid potassium sulphate, 
and fusing it. 

Decomposiiion by Carbonic Acid, — J. E. Muller {Jahrb. f. Min. 1877, 739) has 
examined the action of water containing carbonic acid, continued for seven weeks 
under a pressure of 3|- atm. on the following minerals and rocks : 

1. Adularia from the St. Gotthard. 2. Oligoclase from Ytterby. 3. Hornbleiide 
rock from Altenburg : admixed quartz was as far as possible removed. 4. Magnetic 
iron oxide from the Greiner : crystallised. 6 . Magnetic iron ore from the Kaschberg 
in Bohemia : a mixture of augite and magnetic iron oxide, which latter was as far as' 
possible removed by the magnet. 6. Morexite from Hammond, N. America, in 
crystals of the combination ooP . P . ooP2. 7. Apatite &om Katharinenburg. 
8. Asparagus-stone (a variety of apatite) from Chili. 9. Olivine rock from the XJlten- 
thal. 10. Noble Serpentine from Snarum. 

In the following table the first eight columns show the number of parts out of 100 
of each constituent of the mineral which passed into solution ; the last gives the total 
amount per cent, of matter produced : 


SiO» 

Al=0" 

K“0 

Na=0 

MgO 

CaO 

P»0» 

PeO 

Total 

0T552 

0*1368 

1*3527 

— 

— 

trace 

— 

trace 

0*328 

0*237 

0*1713 

trace 

2*367 

— 

3*213 

— 

trace 

0*533 

0*419 

trace 

— 

trace 

trace 

8*528 

— 

4*829 

1*536 



— 

— 

— 

— 

— 

— 

0*942 

0*307 

trace 

— 

— 

— 

— 

29*015 

— 

2*428 

1-821 



— 

— 

— 

— 

1*696 

1*417 

— 

1*529 







— 

— 

2*168 

1*822 

— 

2*018 



— 



— 

— 

1*946 

2*12 

trace 

1*976 

0*873 



— 

— 

1*291 

trace 

— 

8*733 

2*111 

0 354 


— 

— 

2*649 

— 

— 

1*527 

1*211 


Former analyses of the several minerals and rocks were used in the calculations, 
VoL. VIII. 4 E 
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so far as they were available ; the following analyses were made specially for this 
inquiry : 


1. 

SiO® P®0“ A1®0» 

65*24 — 18*15 


PeO 

trace 

MgO 

CaO 

1*28 

14*96 

Na®0 

H“0 

= 99*63 

3. 

49*12 — 9*004 

14*62 

10*305 

5*92 

8*761 

— 

2*13 

— 

= 99*86 

6. 

1*0655 — 0*4815 

61*14 

32*2164 

— 

3*507 

— 

— 

— 

= 99*4104 

6. 

— 44*088 — 

1*065 

— 

— 

53*319 

— 

— 

— 

= 98*755 

9* 

40*60 -- 0*86 

— 

12*35 

45*81 

trace 

— 

— 

— 

= 99*62 

10. 

40*82 — 2-19 

— 

6*01 

36*78 

— 

— 

— 

13*48 

= 99*28 


In 6 also 01=0'283 per cent. ; in 9 traces of copper. 


The solutions of the following minerals in aqueous carbonic acid were examined 
only qualitatively: (1). Potash mica from the Ural yielded CaO, Fe-0®, with 
trace of SiO^. (2). CohalUhloom from Schneeberg, with admixed quartz yielded Co, 
Ni, Fe20^ SiO^. (3). NicJcel-bloom: Ni, Co, Fe^O®. (4). Wolfram from theZinnwaid, 
mixed with quartz, MnO, Fe-0^ SiO-. ^ ^ 

The final conclusions are as follows : Among the silicates examined, the most easily 
decomposible is olivine; the bases and acids removed from this rock are to one 
another in about the same proportion as in serpentine. Hornblende is more easily 
decomposed than felspar ; oligoclase more easily than adularia. The most refractory 
of all the substances was magnetic iron oxide ; apatite is easily attacked, and exhibits 
after treatment a striking contrast to the appearance of the fresh apatite-crystals of 
the rock under the microscope, 

Actiofi of Organic Acids on Minerals. — H. Carrington Bolton ( Chem. xxxv, 

114) finds that, contrary to preconceived ideas based on general notions of the weak- 
ness of organic acids, many minerals in fine powder are decomposed by boiling with 
solutions of citric, tartaric, oxalic, and other organic acids. A largo number of car- 
bonates dissolve with effervescence in solutions of the above-mentioned acids, and many 
sulphides, silicates and other classes of minerals are more or loss completely decom- 
posed. The reactions which accompany these decompositions, such as evolution of 
gases, formation of crystalline precipitates, &c., are characteristic of certain minerals. 
Moreover, since citric and tartaric acids decompose potassium nitrate, with liberation 
of nitric acid, a powerful means of attacking sulphides and arsenides which resist 
organic acids alone is obtained. Metallic copper, load, tin, and silver also dissolve in 
the above mixture of reagents. Chlorate of potassium is slower in action than the 
nitrate. Yarioiis silicates yield readily to the action of citric acid in solution, 
gelatinising as with mineral acids. Besides those acids, Bolton also examined the action 
of malic, formic, and acetic acids on carbonates, for the sake of comparison, acetic acid 
giving the least satisfactory result. He recommends the use of these non-volatile 
acids for mineralogical as well as microscopic work, as the dry acids aro readily trans- 
ported, and can be dissolved when needed. 

Observations relating to the same subject have boon made by E. .1. Grosjoan (ihid. 
190), who finds that a weak solution of tartaric acid acts more readily on calcium 
carbonate than a strong solution containing tho same weight of the acid. When the 
carbonate, either precipitated or in the form of whiting, was digested in 20 pis. of 
boiling water containing 4 pts. of tartaric acid, nothing was dissolved in oit.hor case, 
even when Iho acid was doubled and concentrated to a syrup. When, liowovor, the 
carbonate is treated with 20 parts of water saturated with tartaric acid, tlie carbonate 
dissolves even without dilution of the acid. 

On the action of Iodine, Potassium iodide, and Citric add on certain Minerals, see 
Bolton (Cheni. Neivs, xxxviii. 168 ; Chem. 8oc. J. xxxiv. 940). 

Pyrometric examinations of individual mineral species have been published by 
W. A. Boss {Chem. News, xxxvi. 106, 156), 

On the Electric Conductivity of Minerals, see Electricity (p. 719). On the Heat- 
Conductivity of Minerals, Boohs, and Soils, see Heat (p. 1017). 

O 71 Fluid-cavities m Minerals, see p, 793. 

Minerals formed by the Volcanic Vapours of Vesttvms . — After the 
eruption of April 26, 1872, numerous minerals were found amongst the sublimation 
products, including various silicates and fine crystals of apatite, together with iron 
pyrites in several forms, and large quantities of tenorite. The crystals of the latter 
mineral, without losing their shape, have been changed by the hydrochloric acid 
escaping from the fumaroles, into a green body, named, ateline which contains 40*59 of 
cupric oxide, 38*19 of cuprous chloride, and 16*22 of water. Sylvine and soium 
chloride were found in large quantities, and generally mixed together. Sal-ammoniac 
was abundant and in the finest crystalline forms, but not in octohedrous ; it was also 
found in the fumeroles in beautiful yellow crystals, formed after the colourless ones. 
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The crystals were black at a spot where a charred tree stump lies buried in the lava. 
Fluorine- was found in combination with ammonia and silica, probably as a double 
salt, 2brH*F.SiF'‘, for which the name crypohalite has been proposed. Calcium 
chloride occurred in large quantities ; it seems to have been formed at the beginning 
of the eruption; eotunnite was abundant. A new jmcL&roX, erythrosiderite,' couBists 
of red rhombic crystals. Ferric chloride, (Fe-CP + a^H^O), occurs in the clefts of the 
lava, and is often mistaken for sulphur. Sodium-potassium sulphate, ajphtkalos, or 
ayhthithalite, was found in white hexagonal laminae. Anhydrite was not so common. 
Hydrofluoric acid was found inside the crater in masses of gypsum and sulphur 
(G vom Eath, Jahrh.f. Min. 1877, 844). 

Minerals and ItocJcs of the Island of Viclcano (A. Cossa, G-azz, chim. Hal. 
1878,235). — This island, belonging to the Lipari group, contains large deposits of 
potassium-alum, mixed in various proportions with the alums of thallium, caesium, and 
rubidium. 

The principal deposits of alum are found in the caves of the Faraglione and in the 
great crater. The Faraglione, also called ‘ Eoeca dell’ alume,’ is a mass of trachytic 
rock — decompofaid for the most part by sulphuric acid — situated at the southern 
extremity of the narrow isthmus which joins Vulcanello to Vuleano, and stretching 
laterally towards the sea. The potassium-alum in its cavities is intimately mixed 
with aluminium sulphate, gypsum, and sal-ammoniac. In the inner northern wall of 
the crater of Vuleano there is a rather extensive space called ‘ la Schicciola,'* formed 
of a white compact rock to which the potassium-alum adheres in layers of various 
thickness. From several places in this rock there drips a liquid having a strong acid 
reaction, and dense enough in some parts to form stalactites with concentric zones. 
In other parts of the same locality, the liquid which drops from the fissures of the 
rock contains — in addition to potassium-alum — aluminium sulphate and sodium-alum, 
which, being much more soluble than the ]30tassium-alum, separate from the latter, 
and collect at the base of the rock in a crystalline mass of veiy slender needles, form- 
ing the outermost layer of the crystalline matter which adheres to the -rock. These 
more soluble salts exhibit here and there a faint yellow tint due to iron- compounds, 
or a green tint arising from copper. A specimen examined by the blow-pipe gave the 
reaction of cobalt, the presence of which was confirmed by testing in the wet way. 

The alum of la Schicciola, as it comes from the rock, gives a scarcely perceptible 
indication of the presence of thallium, even when examined with a good spectroscope, 
the sodium salt with which it is contaminated interfering with the development of the 
lines which are characteristic of the other metals; but the less soluble salts, when 
purified by repeated crystallisation, show distinctly, not only the single green line of 
thallium, but also the lines a and j3 of caesium and rubidium. 

The alum obtained from different parts of la Sbhicciola contains various quantities 
of caesium and rubidium. The exact amounts have not yet been determined, on 
account of the difficulty of separating these two metals from potassium, and the still 
greater difficulty of separating them one from the other. Cossa is, however, of opinion 
that, with the exception of pollux, a mineral found in extremely small quantities on 
the island of Elba, the alum of Vuleano is the richest known source of csesium and 
rubidium. 

The separation of caesium from rubidium is most completely effected by Godeffroy’s 
method of precipitation with antimony trichloride from a solution of the two alums 
in hydrochloric acid, whereby the caesium is completely precipitated in the form of 
the double chloride, SbCP.6CsCl, while the whole of the rubidium remains in solution 
{Deut. Chem. Ges. Ber. vii. 375 ; viii. 9 ; Chein. iSoc. J. 1876, ii. 272). Stolba’s 
method of precipitation with stannic chloride (Bingl. fol, J. cxcvii. 386 ; excviii. 225) 
does not give good results, the stanno chloride of rubidium, as well as that of caesium, 
being insoluble in strong hydrochloric acid. 

To determine whether the rock of la Schicciola to which the alum adheres has been 
simply percolated by a solution of cassiferous alum, or whether the materials of this 
alum have been furnished by the decomposition of the rock itself, fragments of the 
rock, after being repeatedly washed with water to remove the alum, were finely pul- 
verised, and the powder was further washed with boiling water, till the washings, 
when examined by the spectroscope, gave not the slightest indication of potassium. 
The remaining powder was then decomposed with a mixture of strong sulphuric and 
hydrofluoric acid, and the mass was washed with boiling water to remove the greater 
part of the sulphuric acid, whereby a solution was obtained which, when duly concen- 
trated and left at rest, deposited fine crystals of potassium-alum, the solution of which 
gave by the spectroscope distinct evidence of csesium and rubidium. Hence it is 
highly probable that these two metals existed in the rock in the form of silicates. 

The mother-liquors separated from the first crystals of the alum obtained as just 
described, and containing large quantities of the sulphates of aluminium and sodium, 

4 B 2 
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•with traces of lithium sulphate, yielded, on addition of sulphuric acid, a precipitate of 
arsenious sulphide mixed -with selenium sulphide. The form in which the 
arsenic and selenium exist in the rock, has not yet been determined.^ 

The rock of la ScMcciola has a white colour with a slight tinge of yellow, and 
melts with difficulty, even in thin splinters, producing a white enamel. Its sp. gr. at 
12^^ varies from 1-942 to 2’011. It appears to belong to the liparite group, and con- 
tains, in the midst of a microfelsitic paste which does not depolarise light, crystals of 
orthoclastic felspar, some of which are twinned according to the Carlsbad law. The 
quartz, which is chiefly in the form of tridymite, does not contain any fluid-cavities, 
but exhibits polyhedral corpuscles. The rock also contains some very small isometric 
crystals, the mineral species of which has not yet bean determined. 

Three unaltered lavas from Ynlcano, after treatment with sulphuric acid, also 
yielded crystals of alum containing caesium and rubidium. 

On the edges of a small fumarole at the bottom of the crater of Vulcano, there is 
found a spongy substance having a crystalline texture, reddish on the surface and 
dark ash-coloured below. It consists of a mixture of arsenious sulphide, selenium 
sulphide, boric acid, ammonium chloride, lithium sulphate, thalliuAi- and caesium- 
alums, and traces of rubidium- and potassium-alums. On treating it with boiling 
water, the sulphides of arsenic and selenium separate out, and the slightly concen- 
trated solution soon deposits the sparingly soluble alums of thallium and caesium. 

Another substance, similar to the preceding, except in the absence of the sulphides 
of arsenic and selenium, is still richer in the alums of caesium and thallium. In all 
these porous substances which cover the walls of certain fumaroles, and have the aspect 
of burnt alum, the quantity of caesium is much greater than that of rubidium. 

Aluminium sulphate, mixed with traces of alums, occurs also in the numerous 
mineral springs which rise up in various parts of the island. 

To the south-west of the Faraglione, not far from the works where the boric acid 
and sulphur are purified, there is a well containing water about a foot and a half deep, 
from the bottom of which hubbies of gas are continually rising in largo quantity, so 
as to give the water the appearance of boiling. This gis consists chiefly of carbon 
dioxide, whence the well was called by C. Sainte-Claire Deville, la Gratia del Cam 
deW isola di Vulcano, The following are analyses of the gas by Deville and Cossa : 


Deville, July 9, 1850. Cossa, Oct. 17, 1877. 

Temp, of the gas 26°. Temp, of the water ■+■ 22°. 


CO'^. 

. 86-0 

83-0 

86-0 

78-0 

80-0 

0 . 

. 0*4 

0*0 

0-0 

0-5 

0-6 

N . 

. 13-6 

17*0 

14-0 

21-5 

19-4 


100-0 

100-0 

100-0 

100-0 

100-0 


MZRXQtrXBXTSS. This name is given by Frenzel {Jahrh.f. Min. 1874, 673) 
to a blacldsh or yellowish-bro-wn mineral, accompanying the copper-uranium phosphate 
(Knpferuranglimmer) of Schneeberg in Saxony. It is a highly basic mineral contain- 
ing As“0-\ P‘0^ and H^O. According to vom liath, the small hexagonal 

crystals exhibit the combination R , — -IE, and have the angle R : R = 66° ; whence 
the ratio of the principal to the secondary axes is 3’363 : 1, 

MXSTXiSTOB ( Visemn album). The ash-constituents of this plant, growing on 
poplar, acacia, and pine, together with those of the wood of the.se tree.s, have been 
analysed by Grandeau and Ronton (Compt rend. Ixxxiv. 129, 500). The following 
table contains the amount of ash per cent, in the dried plants, and the percentage 
composition of the ash for poplar I, acacia II, and pine III : 

These numbers show that the mistletoe assimilates the mineral constituents of the 
plants on which it lives in very unequal proportions, and that these proportions bear 
no direct relation to the ash of the plant itself. The amounts of protei'ds, fat, and 
woody fibre in the mistletoe likewise vary with those of the plant on which it grows. 

Grandeau and Bouton have likewise investigated the proximate composition of the 
branches, leaves, and fruits of the mistletoe from the oak, willow, clog-wood, and pear- 
tree, with the view of determining the relative nutritive value of the same when 
employed for feeding cattle. From the numerical results, the following facts may he 
gathered ; 

That while the composition of the leaf and branch of the same specimen is nearly 
identical, their percentage of nitrogenous constituents, when comparecl with that of 
the same parts of mistletoes growing on different trees, varies very greatly, as much as 
25-66 to 13-02 per cent, for the leaves, and 20-4 to 7*25 per cent, for the brandies. 
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Wood 

Mistletoe on 



II 

III 


II 

m 

Ash (free from CO^) . 

3-037 

2*063 

1*609 

3*461 

2*132 

3*189 

P-05 

4-769 

3*453 

7*887 

26*289 

12*025 

13*109 

S03 

1*490 

0*784 

2*798 

2*088 

2*741 

3*353 

SiO- 

5*813 

11*773 

2*033 

4*791 

6*413 

1*212 

CaO 

66*467 

75*038 

67*429 

32*555 

45*392 

27*133 

MgO .... 1 
Mn"03 .... 1 

8*196 

2*511 

7*124 

9*213 

6*723 

12*194 

10*670 

Fe-0« 

2*384 

1*884 

1*017 

5*405 

2*198 

1*524 

K"0 

6*557 

2*354 

8*396 

16*093 

15*903 

30*791 

Na^O . A . 

2*682 

0*471 

2*033 

2*088 

2*585 

trace 

Cl 

1*639 

1*726 

1*272 

1*474 

2*017 

trace 


99*997 

99-994 

99*989 

99*996 

99-997 

99*993 I 

Oxygen equivalent to chlorine 

0*369 

0-388 

0*286 

0*332 

0-482 




99-628 

1 99*606 

99*703 

99*664 

99*515 

99*993 

CO^ in 100 pts. of ash . 

27-47 

31*765 

25*878 

16*636 

20*167 

18*99 


That the fruits of pear-tree and dog-wood mistletoe are comparatively poor in 
nitrogenous substances. 

That the percentage of non-nitrogenous extractive matter varies greatly in mistle- 
toes growing on different trees (53'20 to 39*94 per cent.), while the proportions of gum 
and resinous matter are tolerably constant. 

That the percentage of ash bears no well-marked relation in any way to the 
nutritive value of the specimen. Grandeau a. Bouton are of opinion that the com- 
position of the green parts of the mistletoe, as shown by their analyses, perfectly 
justifies the use which is made of it in some districts as an article of fodder. They 
think that the mistletoe of the oak may rank in nutritive value with ordinary grass 
and clover ; that the leaves of the dog- wood and pear-tree mistletoes are about equal 
to good hay ; and that their branches are about equal in nutritive value to pea-straw, 
bean-straw, and the chaff of cereals. 

MOXiYBBEXOrtTBl, Atomie Eammelsberg, by reducing the trioxide 

to metal in hydrogen gas, finds for the atomic weight the number 96*18, agreeing 
nearly with that which Lothar-Meyer found from the analysis of the chlorides (vii. 
816), viz. 95*8. Eammelsberg therefore adopts the number 96 {Ber, x. 1776). 

Estimation . — Wernicke {Zeitschr, anal. Ghcni. 1875, 1) estimates molybdenum 
volumetrically by reduction with nascent hydrogen (zinc and sulphuric acid) and re- 
oxidation with permanganate. Be-aei’ated water must be used for dilution, and the 
titration performed as quickly as possible, since the air acts rapidly on the reduced 
product. The method is, however, not very exact, the results differing by 1 to 2 per 
cent. 

Alloy. An alloy of molybdenum and lead occurs in plates measuring 30 mm. in 
the Empire Mine, Lucin District, Box-Elden County, Utah (B. Silliman, Bill. Am. J. 

[3], vi. 128). Hemimorphous crystals of lead molybdide from the Upper fSchwarzgrubner 

vein at Pribram are described by Zerrenner {Jahrh.f. Min. 1874, 91). 

Clilorides. The ^entaehloride, MoCP, readily parts with two of its chlorine- 
atoms, and is very useful in the preparation of organic chlorine-compounds as a carrier 
of chlorine, inasmuch as the molybdenum passes quickly and regularly from one stage of 
chlorination to another, and is easily removed by ammonia from the product ,* benzene, 
for example, is very easily converted by its agency into paradichlorobenzene (p. 172). 
When carbon disulphide (250 grams) is mixed with the pentachloride (3 or 4 ^ams), 
and a strong stream of dry chlorine is passed through the liquid, which must ultimately 
be warmed, a liquid is formed, which, by fractional distillation and further treatment 
of the several fractions, may be resolved into carbon tetrachloride and sulphur di- 
ehloride, CS^ + 3CP = OOP + S-CP (Aronheim, Ber. ix. 1 788). 

On the lower Chlorides of Molybdenum, see Liechti a. Kemper (vii. 816). 

On the Ferrocyanides of Molybdenum, see Cyanides (p. 613). 
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Trioxide, MoO^. Molyhdic Acid, — When this acid, or either of its salts, is heated 
with strong sulplnirie acid, a mass is formed having a splendid blue colour. On 
evaporating the sulphuric acid, the residue becomes colourless from oxidation ; but on 
adding fresh acid, the blue colour is reproduced, provided that the substance be 
removed from the flame after heating for a short time, and left to cool completely. 
This reaction serves for the detection of very small quantities of molybdic acid ; with 
larger quantities the blue coloration is produced in the cold on addition of a little 
alcohol or sugar to the sulphuric acid (Schdiin, Zeitsohr. anal. Cherti. 1869, 379). 
0. Maschke (^ibid. 1873, 380) applies this test by placing a small quantity of strong 
sulphuric acid on a piece of platinum foil bent up into the form of a trough, then 
adding a small quantity of the finely pounded substance, heating till vapours are 
quickly evolved, leaving the whole to cool, and breathing on the foil, whereupon, if 
molybdic acid is present, the liquid will exhibit a bright blue colour. 

Maschke also gives a process for the recovery of molybdic acid from the filtrates 
obtained in phosphoric acid estimations, depending on the formation of an insoluble 
compound of molybdic acid with lime and ammonia, and the deco|riposition of this 
precipitate by nitric acid. The acid liquids containing molybdenum are poured into 
jars, and lumps of marble are dissolved in them ; the solution, mixed with a slight 
excess of ammonia, is heated to boiling in an iron pot ; and the resulting precipitate, 
after washing and drying, is drenched with 2 pts. water, mixed, with stirring 
and gently heating, with 3 pts. nitric acid of sp. gr. 1T8 ; and the clear solution is 
heated for some minutes to the boiling point. The precipitate of molybdic acid con- 
taining lime and ammonia thereby separated is left to settle, the supernatant liquor 
still containing molybdic acid, is decanted, and the precipitate is washed by decanta- 
tion till the liquid begins to clarify but slowly. The moist precipitate is then treated 
with ammonium carbonate, and the resulting solution of ammonium molybdate is 
filtered from the calcium carbonate and evaporated over the water-bath. The whole 
of the wash- waters are united, mixed with ammonia, and heated to boiling, and the 
calcium molybdate which separates is kept for the next operation. 

Uelsmann {ibid. 1877, 52) precipitates molybdic acid from the residues with 
sodium phosphate, washes the precipitate, dissolves it in ammonia, precipitates the 
resulting solution with magnesia mixture, and evaporates the filtrate. The liquid 
during evaporation deposits crusts of ammonium molybdate. 

Ammonium ilfo 6 Champion a. Pellet ifiull. Boo. Chim. [2], xxvii. G) 
prepare the molybdenum solution used for precipitation of phosphoric and arsenic 
acids by dissolving 100 grams of molybdenum trioxido in 150 c.c. ovdiitary aqii(*ous 
ammonia and 80 c.c. water, and pouring the solution into a mixture of 500 c.c. nitric 
acid and 300 c.c, water. If a precipitate forms, it must bo filtered off. 

According to M. Jungck {Zeitsohr. anal. Cheon. 1876, 290), the yellow crystalline 
precipitate deposited from a solution of ammonium raolybdato— which greatly re- 
sembles the well-known precipitate of ammonium phosphomoljbdjito, but does not 
contain phosphoric acid— is produced by the action of light, the molybdic acid passing 
into another modification. He therefore recommends that the solution should be 
kept in the dark. According to S. Kern, on the other hand {Chem. Nms, xxxvii. 98), 
this precipitate consists of a basic ammonium salt, and is formed in the dark. 

A mixture of the aqueous solutions of anmomum moh/hdaie and potassium frrro- 
cyanide may he used as a tost for free mineral acids. Traces of free acids impart to 
this solution a more or less dark brown colour, which disappears on addition of the 
slightest excess of alkali (L. Huber, Zeitsohr. anal. Chem. 1877, 242). 

An ammonium molybdate, having the composition (NH'7"0'^(MoO'‘)-n-PO, is formed, 
as an amorphous precipitate, by heating a solution of sodinm molybdate with sal- 
ammoniac ; and the filtrate mixed with a very large quantity of alcohol, deposits a 
crystalline mass, which, when dried at 100^, contains 78*70 ner cent MoO''* 11*10 NH’* 
and 10'20 H^O (F. Jean, Compt. rend, Ixxviii. 1436). 

Barium Molybdate has a sp. gr. of 4*6589 at 17*5°, and 4*6483 at 19*5° 
Btrontium Molybdate, 4*1554 at 20*5°, and 4*1348 at 21° (F. 0. Marsh, Bill Am j 
[31, xiv. 281). 

Bilver-diamine Molybdate, [Ag(NH®)2]202Mo02. See Silver. 

Arseniomolybdates. Ammonium molybdate forms with arsenic acid a com- 
pound similar to that with phosphoric acid, and containing 3(NH'‘)-'0,As20^ 20M(^O« 
When it is boiled with aqua regia and the solutions are evaporated, the residue which’ 
is left does not, as in the case of the phosplio-compoiind, consist of the pure acid but 
contains in addition insoluble molybdic acid and a second arscniomolybdic acifl w’hich 
is white. By extracting the residue with dilute nitric acid and evaporating’ in the 
desiccator, a mixture of the two acids is obtained in crystals large enough to admit of 
mechanical separation. The yellow acid forms doubly oblique prisms ; its probable 
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formula is As^O^20MoO® + 27H20. It gives with acidified potash-salts a yellow 
crystalline precipitate of 3K-O.As-O®.20MoO®. The hydrated acid corresponding 
with the phosphomolybdic acid, which crystallises from pure water, has not yet been 
obtained. 

The white arseniomolybdic acid is As“0®.6Mo0® + 16H-0. Its ammonium salt 
maybe readily obtained by mixing ammonium molybdate with the theoretical quantity 
of arsenic acid and crystallising at 50°-60°. At higher temperatures the yellow salt 
forms. When the ammonium salt is boiled with aqua regia, a precipitate of yellow 
arseniomolybdate is at first produced, but subsequently disappears, and the solution 
on evaporation yields the white acid. It crystallises from syrupy solution^ in right 
rhomboidal prisms, and gives white gelatinous precipitates when neutralised with 
alkalis. The formula of the precipitate with ammonia is 4(NB[^)“O.As-0^*6MoO®-f- Aq 
(Debray, Corti])t, rend. Ixxviii. 1408). 

When a mixture of molybdic acid, arsenic acid, and an ammonium salt is boiled 
for some time, a crystalline precipitate is obtained, the formula^ of which is 
As°Mo^O^^H®(Np®)2.4H^. It is soluble in hot water, gives with silver nitrate a yellow 
precipitate of As^Mo^O®®Ag'', and with lead and barium salts precipitates of similar 
constitution. The acid itself is obtained by the direct combination of arsenic and 
molybdic acids ; its formula is As"Mo'^0^H®.llH“0. It appears also to be formed on 
treating the ammonium salt with aqua regia (Seyberth, Ber, vii. 391). 

Pbospliomoly'b dates. The well-known yellow ammonium salt and the corre- 
sponding potassium compound have the composition 3E.^-O.F‘^0®.22MoO®.12Aq. By 
the action of a small quantity of potash-solution, the yellow potassium salt is converted 
into a white insoluble modification, 6K“O.P®0^.15MoO®. On boiling the ^alkaline 
filtrate from this salt, a flocculent precipitate of is obtained. By dissolving 

this compound in a small quantity of potash-solution and adding phosphoric acid, a 
salt is obtained in white shining prisms of the composition 5K-O.2P-OM0MoO®.20Aq. 
By fusing 1 mol. with 2MoO®, dissolving in water, and adding phosphoric^acid 

to the solution, a compound crystallising in large colourless oetohedrons is obtained, 
the formula of which, 3K20.P20®.5Mo0®.7Aq, exactly corresponds with^ that assigned 
by Zenker {I. ^r. Chem. Iviii. 257) to the colourless compound obtained from the 
solution of the yellow ammonium pliosphomolybdate in ammonia (Eammelsberg, ihid. 
X. 1776). 

Sulphides. The native disulphide, orwlyhdenum-glance, MoS®, occurs, with iron 
pyrites and copper pyrites, imbedded in greasy quartz, at Macchetto, near duittergo, 

A and B analyses, C values calculated from the 

B 

59*05 
41*17 


100*22 

(F. A. Genth, Jahrh.f, Min. 1877, 949). 

Sulyhomolyhdate of Ammonium, prepared by treating the bimolybdate with 
strong sulphuric acid, is a very delicate test for many alkaloids, especially for morphine, 
with which it produces a distinct blue colour, even to the millionth degree of dilution. 
The blue colour appears immediately with 1 pt. morphine in 100,000 pts. of solution, 
and in presence of milk-sugar with 3 pts. in 100,000. The blue colour disappears 
after some hours. Quinine gives, with the same reagent, a light green colour which 
soon disappears ; strychnine, atropine, and santonine, no reaction ; veratrine, a dirty 
brown colour, changing to blue and finally to yellow-green ; narooiine, a yellow-green 
which soon disappears ; hrucme red, changing to yellow. It must he observed, how- 
ever, that the reagent, even when left to itself, turns blue after a few hours, especially 
when exposed to light, on which account it must be prepared fresh for use (Kagelvoort, 
Arch. Pharm. [3], ix. 249). 

ZMCOirAX^XXflrBS. The synthesis of aromatic monamines by intramolecular 
atomic interchange — which Hofmann formerly ejBfected in the methyl-series, con- 
verting, for example, trimethylphenylammonium iodide, C‘^H®.H(CH®)®I, by the action 
of heat, into the hydriodides of the bases CfiHXCH®).N(CH®)2, C«H®(CH®)®.N(CH®)H, 
and C‘^H2(CH®)®.NH- successively (vii. 57)— has, by his later e:^_eriments, been ex- 
tended to aromatic amines containing ethyl and amyl, ethylaniline or ethylamido- 
benzene, C®H®.HH(C“H^), for example, being converted by similar means into phenethyl- 
amine or amidoethylbenzene, (C®H-*.C-H*).NH®. See Benzenes, Ethtlajodo- and 
Amtlamido- (pp. 205, 206 of this volume). 


C 

59*0 

41 


■Si 


100 


Sp. gr. 
4*704 


in the province of Novara, Piedmont, 
formula MoS® : 

A 

Mo . . . 58*23 
S . . . . 41*36 


99*59 
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nxonarAS. The spherical Bacterium, called Monas proAigiosa^ i:^ects eatables, 
and gives them a red colour. It is conveyed from place to place chiefly by insects, 
and the spores are also carried through the air. Food placed under a glass shade 
along with Monas prodigiosa turned red in two or three days. When seen under the 
microscope with a magnifying power of 1000 diameters the monas appears to consist 
of round bodies, filled with a red substance and swimming in a red fluid. 

The colouring matter dyes cotton and linen pink, and wool blood-red ; the colour 
cannot be washed out, but fades on exposure to sunlight. The colouring matter is 
insoluble in water, and nearly so in ether, but dissolves in alcohol with a blood-red 
tint ; the solution is neutral. There is a marked difference between this dye and 
the aniline-reds, as shown in the following table : 


Amline-red: a weak sokition of 
Fuchsine. 


Hydrochloric 

acid 

Sulphuric 

acid 


Hitrie acid 

Potash or 
ammonia 

Potassium 

carbonate 

Ammonium 

carbonate 

Stannous 

chloride 


) Violet ; decolorised by 
I excess. 

( Violet ; blue with more 
acid ; faint yellow 
colour with large ex- 
cess of acid. 

( No change ; with excess 
< first dirty violet, then 
( dull green. 

' Colour fades, and is not 
restored on addition 
of an acid. 

j. Colour fades, 
j. No change. 

). Violet. 


Colouring -matter of Monas 
prodigiosa. 

Pink ; unaltered by excess of acid. 

A* 

Pink ; violet with excess of acid. 


Pink ; dirty yellow with large excess of 
acid. 

Pure yellow ; remains unaltered on heat- 
ing. On addition of acid the pink 
colour is restored. 

Yellow. 

No change. 

No change at first, but gradually 
bleached. 


Lime water, weak solution of chromic acid, and sodium hypochlorite change the 
yellowish-red colour of the bacterium to yellow; it is destroyed by chloride of lime, or 
chlorine. 

The alcoholic solution of this colouring matter may bo kept exposed to light for a 
long time without change. On evaporation of the alcohol, the colour is obtained in 
the solid state. It dissolves in petroleum-ether, benzene, and carbon disulphide, in 
all of which aniline-red is insoluble. 

The colour may be obtained tolerably pure by slowly evaporating its alcoholic 
solution and dissolving the deposit in petroleum-ether, which leaves undissolved a 
brown tarry residue. On evaporation of the solution in petrolonm-ether, the dye is 
obtained in the same state (0. Helm, Arch. Fharm. [3], vi. 19). 

XMCOXTAZXTXS. Native Cerium Phosphate. See Phosphates. 

nXOM-OTKZOBIPXtUSSXAMXC ACXB, See Thiopbussiamic Acids. 

MOXTTICBXiXiXTX:, or JBatrachite. Two analyses of this mineral from Monte 
Monzoni, leading to the formula Ca“SiO‘*(Mg,Fe)-SiOS have been published by 
Cl. vom Kath {Zeitschr. geol. Gcs. xxvii. 379) : 


SiO* 

FeO 

CaO 

MgO 

Total 

Loss by 
ignition 

Sp. gr. 

38-35 

4-29 

34-76 

23-15 = 

100-55 > 

1-31 

3-054 

38-15 

4-31 

34-75 

22-94 = 

100*15i 


MOXrzOWZTX:. This name, originally applied by v. Kobell to a mineral species 
from Monte Monzoni (vii. 818), has also been given to a rock from Monte Agnello, 
South Tyrol, consisting of plagioclase, orthoclase, hornblende, augite, mica, and 
magnetic iron ore. This rock has a porphyritic structure like that of melaphyre. 
Its percentage composition is as follows : 

Loss by 

SiO“ A1=0“ Fe'0» MnO CaO MgO K^O Na“0 ignition 

62-53 19-48 11-07 trace 6-61 1-53 3-17 2-71 2-34 = 99-44 

(Bolter a. Mattenclorf, Fer. geol. Beichsanst. 1876, 33). According to 0. W. Giimbel, 
V. Kobell’s monzonite is not a homogeneous mineral. 

MOOKTSTOXO'B. This name has been applied to a monoclinic felspar from 
Ceylon, a variety of adulatia (ii. 620); also to a triclinic felspar from Mineral Hill, 
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Delaware County, Pennsylvania, regarded by Dana {System of Mineralogy, 5tb Ed. 
p. 348) as a variety of oligoclase ; according to Des Cloizeaux {Comp. rend. Ixxx. 364), 
it is a variety of albite. 

BXORXKT, This compound has hitherto been known in two modifica- 

tions, viz. Morin and Isomorin (vi, 837). A third, called Paramorin, is obtained, 
together with resorcin, by the distillation of morin. When morin in portions of 1 to 
2 grams is mixed with 4 or 5 parts of sand and distilled, a distillate is obtained, 
amounting, after expulsion of water, to 25 per cent, of the morin. After recrystah 
lising the product from hot water, the resorcin may be extracted from the mother- 
liquor by ether, and the paramorin, crystallises from the solution on cooling 

in long, felted, slightly yellow, woolly, anhydrous needles, which may be purified by 
reciystallisation with addition of blood- charcoal. It is tasteless ; melts when heated, 
and^ sublimes without decomposition ; reduces an alkaline cupric solution ; colours 
ferric chloride but slightly, and dissolves in sulphuric acid without change of colour. 
Paramorin dissolves very easily in boiling water and in ether (morin is but slightly 
soluble in the^e liquids, iii. 1048), and with deep yellow colour in alkalis. Prom 
its alcoholic solution, alcoholic lead acetate throws down only small quantities of a lead 
salt (whereby it is distinguished from morin). With nitrous acid it forms a yeUow 
nitro- derivative ; with sodium-amalgam, resorcin or a diresorcin : 

- 2C«HS02 + H^o. 

The quantity of paramorin obtained in the distillation of morin is but small, the chief 
product consisting of resorcin. The woolly crystals with which morin becomes covered 
when heated consist of undecomposed morin (Benedikt, JBer. viii. 605). 

Respecting Lowe’s formulae for Morin and Morintannic acid, see Maclurin, 
(p. 1244). 

MORXXTGZC ACXB. This name was given by Walter to an oily acid obtained 
by saponification of oil of ben {Moringa ajgtera), and regarded by him as a lower 
homologue (C^^H^^O-) of oleic acid (iii. 1049). Zaleski, however {Beut, Chem. Ges. 
Ber via. 1013), finds, by an examination of a sample of the acid prepared by Walter 
himself, that it is identical with oleic acid. The identity was shown by conversion ‘of 
the acid by means of nitrous acid into elaidic acid (m. p. 49°) ; by its conversion 
into the oleic dibromide, C^®H®‘‘BrW, prepared by Overbeck from oleic acid (vi. 
881), and transformation of the latter into stearolic acid [m.p. 48° ; formula of barium 
salt(C^®H®*0‘‘^)"Ba, vi. 1038], and finally by fusion with potash, whereby, like oleic acid, 
it yielded palmitic and acetic acids. 

IMEOBXlfTAIina-XC ACX1>. See Maclurin (p. 1244). 

IVCOROSCXTE. A greenish-blue variety of apatite, originally found at Arendal 
in Norway, and Pargas in Finland, has lately been found at Hammond, North 
America, in crystals exhibiting the combination ooP.P.ooP2, and containing 44*09 per 
cent. P-0‘^ 53*32 CaO, and 1*065 Fe^O^ (J. R. Muller, tfahrb.f. Min. 1877, 739). 

MEORPKXM'ZS, C^'^H^^N^O®. Solubility . — The solubility of morpliine in va/ious 
solvents saturated with water, and at the boiling heat, has been determined by A. B. 
Prescott {Pharm. J. Trans. [3], vi. 404) with the following results : 


Morphine 

Ether 

Chloroform 

Amyl Alcohol 

Benzene 

Crystallised 

6148 parts 

4379 parts 

91 parts 

8930 parts 

Amorphous 

2112 „ 

1977 „ 

— 

Nascent 

1062 

861 „ 

91 » 

1997 „ 


According to J. B. Barnes {ibid. 201) the solution of morphine in glacial acetic acid 
forms a perfectly clear mixture with almond-oil and turpentine-oil. The solution 
remains clear and unaltered for several days if mixed with chloroform or camphor, and 
may be prepared of any requhed degree of concentration. 

Beactions. Detection. — 1. With amrmnium mJphomolybdate, moiphine gives a 
blue colour, perceptible to the millionth degree of dilution (p. 1334). 2. With hydro- 
gen sxdpUde, see Alkaloids (p. 56). 3. With iodised hydriodic acid, see p. 55. 4. An 
ammoniacal solution of copper is a delicate test for morphine, losing its splendid 
colour when boiled therewith, and acquiring a distinct green-blue tint. The copper 
solution is to be added by drops to a clear and strongly alkaline solution of morphine, 
till a light blue colour is produced, and the liquid then boiled up once or twice. This 
test will detect with certainty 1 mg. morphine to the thousandth degree of dilution. 
The presence of other alkaloids does not interfere with the reaction (G-. Nadler, 
Zeltschr. anal. Chem. 1874, 235). 

Nadler also describes a base obtained (he does not say how) by treating morphine 
with an ammoniacal cupric solution. The hydrochloride of this new base is described 
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as a dazzling white substance insoluble in cold, easily soluble in hot water, insoluble 
in alcohol and ether. Its aq^ueous solution, treated with ammonia or potassium cap 
bonate, yields the base as a dense white amorphous precipitate, which dissolves in 
excess of the precipitant at ordinary temperatures, but may be recovered by boiling 
the potash-solution, and dries up without alteration on exposure to the air, like 
aluminium hydrate. The aqueous solution of the hydrochloride gives a pale 
yellow precipitate with platinic chloride, white amorphous with sulphuric acid, and 
amethyst-red with ferric chloride. Sulphuric acid with the aid of heat dissolves the 
base, forming a black-green liquid, which may be heated without alteration till the 
acid volatilises. 

5. Another test for morphine is based upon the reaction of sidphomor^Jdde with 
mmionia, which forms with it a iDrecipitate soon becoming reddish-brown, and dis- 
solving with rose-red colour on agitation with chloroform. Sulphomorphide is easily 
formed by heating morphine to 160° with a mixture of 2 vols. sulphuric acid and 1 pt. 
water (Nadler, loo. eit.) 

6. The presence of morphine may also be detected by adding a fe'^ drops of strong 
sulphuric acid to the substance under examination, and then a small granule of 
potassiim peTohlorate^ which must be quite free from chlorate ; if morphine is present, 
the liquid will assume a dark-brown colour (Grove, Zeitschr. anal. Chem. 1874, 324 ; 
Siebold, ibid.) 

7. Tor the detection of morphine in chemico-legal investigations, Selmi ( Gazs, 
cUm. ital. 1875, 255) recommends the use of iodised hydriodic acid followed by 
tetracetate of lead (comp. p. 55). 

On Dragendorff’s Method of detecting Morphine in a mixture of Alkaloids, see 
Plant-bases. 

On the Action of Organic Acids upo7i Morphine, see Derivatives (p. 1341). 

Certain oxidising agents, viz. nitric acid, iodic acid, potassium fei'ricganidc, 
potassium chromate, and the dioxides of mangevnese and lead, produced in acidulated 
solutions of morphine, on gentle heating, a deep red colour, even when the quantity of 
morphine is very small. The best way of applying the tost is to add to the sub- 
stance under examination, first sulphuric acid, then water, and lastly the oxidising 
agent, if possible in the solid state. The best result is given by iodic acid (D. Lindo, 
Chem. News, xxxvi. 228). D. Datt (ibid. 255) observes that this reaction, at least 
with nitric acid and with potassium dicliromate, is produced also by salts of codeine 
and narcotine, but not by thsbaine, papaverine, or narceine. To detect the presence of 
morphine in quinine salts, H. Hager (Zcitschr. anal. Chem. 1873, 220) makes use of 
Kiefer’s reaction (LicUg\s Annalen, ciii. 271), which consists in adding to the solution 
a mixture of potassium ferricyanide and ferric chloride acidulated with hydrochloric 
acid, the ferricyanide being then reduced by the morphine to ferrocyanido, which, with 
the ferric chloride, produces pruasian blue. 

Esthnation,—'£or the estimation of morphine in opium, 0. Arnoldi (Buss. Zeitschr. 
Pharm. 1873, 641) exliausts the opium completely with water, which should not kayo 
more than two- thirds undissolved ; concentrates the aqueous solution on the water- 
bath ; filters it when cold ; decolorises it with animal charcoal, and filters again ; 
precipitates the morphine with ammonia, and weighs it. Good opium thus treated 
should yield from 14 to 19 per cent, of impure morphine, answering to 10 to 13.^ per 
cent, of the pure base. 

See also J. Lynn (Amer. J. Pharm. [4], vi. 358; Chc?n. Centr. 187S, 158 ; Chem, 
Soe. J. xxxiv. 612). 

Salts of Koephine. The solution of the acetate has a strong tendency to 
deposit a basic salt or free moz’phiue ; the salt decomposes and turns yellow even 
when kept in carefully closed vessels, and then gives with sulphuric acid no longer a 
colourless but a yellow solution. 

The hgdrwdide, 2H-0, obtained either by saturation or by the 

action of potassium iodide on morphine acetate, crystallises in long silky needles 
grouped in rosettes, sparingly soluble in cold w'ater (insoluble according to Bauer, infra), 
more freely in hot water. The -water of crystallisation is given off at 100°, and 
reabsorbed on exposure to the air (E. Schmidt, Per. 1877, 194; Winkler, iii. 

1054). 

The hydrobromide, 0^’H'®HO®.HBr + 2H^O, is very much like the hydriodide 
(Schmidt). 

Periodides. The sesgui-iodide, prepared by triturating 2 pts. 

morphine vith 1 pt. iodine, and crystallising the mixture from alcohol, is a reddish- 
brown crystalline mass, soluble in alcohol, ether, and chloroform, but insoluble in 
water.^ The tetriodide, is obtained by precipitating a morphine salt 

with iodine- solution, as a kermes-brown precipitate, which dissolves in potassium 
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iodide, and crystallises therefrom in long nearly black prisms, insoluble in ether and 
in carbon sulphide, soluble in alcohol, benzene, and chloroform. Nitric acid and 
hydrochloric acid dissolre it with red colour (H. E. Eauer, Arch. Fharm. [3], y. 289). 


Suhstitution-derwatims of Morphme. 

Acetyl-derivatives. Mono-, di-, and tetracetybmorphine have been already 
described (vii. 819, 820). Eiirther observations on the diacetyl-derivatives have been 
published by Beckett a, Wright {Cheyn. 8oc. J. xxviii. 315), who have obtained a third 
modification ( 7 ) in crystals by dissolving the ^S-modifi cation in ether, and leaving the 
solution to evaporate. The mother-liquor then retains a portion of the j 8 -compound 
unmixed with any other modification. The j 8 -compound appears to give a blue colour 
with ferric chloride, only when it is decomposed or perhaps contaminated with mono- 
acetyl-morphine, inasmuch as the production of this colour-reaction, though usual, is 
not constant. 


The followi'lg table gives a comparative view of the properties of the three diacetyl- 
morphines. 



Relative 

Rroyerties of 


Quantity. 

i 

Free Base. 

Hydrochloride. 

Ethiodide. 

a-Biacetyl- 

morphine. 

2 to 3 per 
cent. 

Crystallises 
from ether by 
spontaneous 
evaporation, 
sometimes an- 
hydrous, some- 
times with 2 
mols. water. 

Proportionally 
less soluble in 
cold water. 

Crystals con- 
tain 6 H 20 . 

Crystallises 
from alcohol of 
85 per cent, 
with 1 mol. 
water. 

)3-Diacetyl- 

morphine. 

Forms the 
chief pro- 
duct. 

i Quite uncrys- 
talllisable. 

Very soluble, 
amorphous ; in 
aqueous solu- 
tion much less 
stable than its 
isomerides. 

Does not crystal- 
lise from alco- 
hol of 85 per 
cent, or from 
absolute alco- 
hol. 

7 -Diacetyl- 

morphine. 

25 per cent. 

Crystallises 
readily, anhy- 
drous, if free 
from jS -com- 
pound. 

Very soluble in 
water ; crystal- 
lises with diffi- 
culty. 

Crystallises from 
alcohol of 85 
per cent, with 3 
mols. water. 


Butyryl-morpliines (Beckett a. Wright, Chem. 800. J. xxviii. 16). a-Fi- 
hutyryl-mor^hine, formed by boiling morphine for five or 

six hours with twice its weight of butyric acid, crystallises readily from ether, and 
when pure does not give any colour-reaction with ferric chloride. Its hydrochloride 
is more soluble and crystallisable than that of the corresponding acetyl-base. The 
ethereal mother-liquor contains j 8 -dibutyryl-morphine, an amorphous base which 
gives a blue colour with ferric chloride. Tetrahictyrylr-onoryhine, formed by 
heating moiphine to 140° for three hours with twice its weight of butyric anhydride, is 
amorphous, and is very slowly resolved by boiling with water, somewhat more readily 
with dilute alcohol, into butyric acid and dibutyryl-morphine. Its hydrochloride, 
C^'‘H®‘*(C‘^H’ 0 )‘‘N 20 ®. 2 HC 1 , is also amorphous, and does not give a blue colour with 
ferric chloride. Acetyl-hutyryl-moryhine was formed by boiling morphine for 
several hours with a mixture of acetic and butyric acids, in which the former greatly 
predominated. Its hydrochloride, C^^H^‘’(C2H®0)(C‘*H’'0)N20®.2HC1, is crystalline, 
and is very easily resolved, by boiling with water, into the hydrochlorides of diacetyl- 
and dibutyryl-morphine. 

Benzoyl-morpliiues (Beckett a. Wright, Chem. Soc. J. xxviii. 23). Fi- 
henzoyl-moryhine, C 2 ^H 2 ‘'(C^H 20 ) 2 N 20 ®, is formed by the action of benzoic an- 
hydride on morphine ; also, together with benzoic acid, by boiling a solution of tetra- 
benzoyl-morphine in dilute alcohol. The base thus obtained is amorphous ; its hydro 
chloride is crystallisable, very slightly soluble in water, and is not altered by ferric 
chloride. 

a-FiacetyUdihenzoyl~morphine, C®^H®’(C2H®0)2(C^H50)2N20®, formed by the 
action of benzoic anhydride on o-diaeetyl-morphine, is a crystalline base. Its hydro- 
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chloride is very soluble in mter, does not crystallise, and is precipitated in flocks by 
strong nitric aeid. 

Tetrab enzoy hmory hine, is prepared by heating morphine 

to about 130® for three or four hours with twice its weight of benzoic phydride. On 
dissolving the product in hot dilute hydrochloric acid, precipitating with sodium car- 
bonate, dissolving the precipitate in ether, and leaving the ether^ to evaporate, the 
base separates in anhydrous crystals which give no colour-reaction with ferric chloride. 
Its hydrochloride, C^‘*H3‘*(C^H®0)^N-0®.2E[C1, is amorphous, but in other respects 
resembles that of dibenzoyl-codeine (p. 1341). 

fitliiodides of Substituted Morphines (Beckett a. Wright, Chem, Soo. J. 
xsviii. 318). These compounds are formed by heating the respective bases to 100° 
for about a quarter of an hour with twice their weight of absolute alcohol and about 
an equal weight of ethyl iodide. The contents of the tubes usually solidify on cool- 
ing, in crystals which may be recrystallised from alcohol of 80-85 per cent. 

Tetracetyl-morphine Ethiodide is a somewhat unstable compound, a considerable 
portion of it being decomposed by a few minutes’ boiling with alcohol of 85 per cent. 
The crystals deposited from this solvent contain + 

and the mother-liquor contains products apparently resulting from removal of acetyl 
by the alcohol. Silver chloride converts the ethiodide into the corresponding ethylo- 
chloride, which is readily soluble, but cannot be obtained in the pure state, as the 
aqueous solution decomposes partially when heated, or when left over sulphuric acid. 

a-JDiacetylmor^him Ethiodide, and the isomeric 7-compound, crystallise, the first 
with 1 mol., the second with 3 mols. H-0 ; the jS-compound is amorphous, as are also 
the ethiodides of dibutyryl- andtetrabutyryl-morphine, which decompose at 100®. The 
ethiodides of tetrabenzoyl- anddiacetyl-dibenzoylmorphine crystallise with 1 mol. water. 

Morphine-derivatives containing Polyatomic Acid Radicles (Beckett a. 
Wright, Cheon. 80c. J. xxviii. 689). These compounds are formed by heating mor- 
phine with polybasic acids. Morphine, heated to 180° with twice its weight of sue-- 
cinio acid, yields the compound C®‘‘H^®N20®(COC^H'’COOH)”-!- 8H-0, which closely 
resembles the corresponding codeine-compound (p. 1341). Its formation is represented 
by the equation : 

034HS8N2oe + 2C2H'(COOH)2 = + Cs^H^sN^O^CCOC^H^COOH)^. 

With camphoric aeid in like manner, morphine yields a small quantity of the com- 
pound, C»®4N20XO.OO.C«H>‘.COOB)2. 

With omlio oLcid, morphine reacts like codeine (p. 1342), not forming an oxalyl- 
morphine, but yielding a product consisting chiefly of trimorphine. 

Appendix to Morphine. 

Alkaloid resembling Morphine (Selmi, Gaze. chim. ital. 1875, 398). The 
detection of small quantities of morphine in the brain and liver is very much inter- 
fered with by the presence of another alkaloid very closely resembling it. This base 
in aqueous solution exhibits an alkaline reaction ; it is insoluble in ether, but dissolves 
in amyl alcohol ; reduces iodic acid ; is coloured bluish by ferric chloride ; does not 
exert any poisonous action on frogs. 

A base very similar to this, and perhaps identical with it, is found in the unripe 
capsules of the wild poppy. It is distinguished from morphine by the following 
reactions. Morphine gives with iodised hydriodic acid microscopic crystals, which 
take a considerable time to form, but then remain permanent for 36 hours ; the new 
base, on the other hand, yields crystals which form immediately but quickly disappear. 
When a drop of dilute morphine solution mixed with a drop of a cold-prepared solu- 
tion of minium in glacial acetic add is evaporated at a gentle heat, there remains a 
yellow residue, the colour of which changes through orange to violet, and finally 
becomes dull and indistinct. The new base similarly treated yields an unalterable 
yellow residue. 

Codeine, Crystals of codeine, which Bliickiger obtained by 

crystallising the base dried at 100° from carbon sulphide, have been examined by 
Arzruni {Zeitschr. Kryst. i. 302). They are yellowish by transmitted light, stronglj 
refractive, and belong to the orthorhombic system with hemihedro-sphenohedral de- 
velopment, a ih : c = 0'9298 : 1 : 0’5087. Plane of optic axes OP. 

Acetyl-, Butyl-, and Benzoyl-codeines (Beckett a. Wright, Chem. 80c. J. 
xxmii. 212). Diacetyl-codeine, formed by boiling codeine with twice its weight 
of glacial acetic acid, has been already described (vii. 821). 

Tetracetyl-dicodeine, obtained by the action of acetic 

anhydride on dicodeine (vii. 735), is amorphous, easily soluble in ether, and forms a 
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crystalHsable hydrochloride, + lOH^O, more soluble than 

the hydrochloride of diacetyl- codeine, and an indistinctly crystallised platinochloride, 
072B;&o(C2H30)^N40^^4HC1.2PtCl^. 

Octacetyl-tetracodeine, is obtained by heating tetra- 

codeine with acetic anhydride to 120° for three hours, and evaporating the product to 
dryness, as a mass insoluble in water and dilute hydrochloric acid, soluble in alcohol 
and alcoholic hydrochloric acid, and precipitated from these solutions by water in 
amorphous flocks which become darker when dried over sulphuric acid. The solution 
in alcoholic hydrochloric acid mixed with alcoholic platinum tetrachloride and then 
precipitated with water, yields a h&sia salt,the> amount of platinum in which 
agrees approximately with the formula 0*‘‘^H^'*“(C^H®0)®N®0-^2B[Cl.PtOP. 

In the conversion of codeine into di- and tetracodeine, the number of hydroxyl- 
groups in the molecule is not diminished, and the polymerised bases are capable of 
yielding neutral salts, but their acetyl-derivatives are not. 

Ethiodides. Biacetyl-codeine Ethiodide, + H^O, is 

obtained by heating codeine with twice its weight of absolute alcohol and about an 
equal weight ofuthyl iodide, to 1 00° for about a quarter of an hour. It forms snow- 
white crystals, slightly solulDle in cold alcohol either absolute or of 90 per cent., more 
easily in water and in hot dilute alcohol. It gives off its water at 100°, being at the 
same time partly decomposed. By the action of recently precipitated silver chloride and 
water, it is converted into diacetyl-codeine ethylochloride, which separates on leaving 
the solution over sulphuric acid, in crystalline crusts having, when dried at 100°, the 
composition C^®H‘‘°(C2H^0)“N"0®.2C-H^C1 + H-0. The jylatinochloride decomposes in 
drying. 

When tetracodeine is heated for twenty minutes in a sealed tube to 120° with an 
equal weight of ethyl iodide, and the resulting liquid is left to cool, amorphous flocks 
are deposited which dissolve in boiling alcohol and in hot water, and have the com- 
position Octacetyl-tetracodeine, treated in like manner, yields 

a much more soluble compound, containing 12*72 per cent, iodine, whereas the 
formula C‘'^‘‘H^°°(C“H^O)®N®0-h8C^H^I would require 25-55 per cent, iodine, and the 
corresponding formula with 4C-H®I would require 15*15 per cent. Hence it would 
appear that the power of a polymeric codeine to take up ethyl iodide is diminished 
when it is converted into an acetyl-derivative. 

Bihutyryl-codeine, is formed by boiling codeine for five 

or six hours with twice its weight of butyric acid, and by evaporating off the excess 
of acid, dissolving the residue in water, precipitating with sodium carbonate, dis- 
solving the precipitate in dilute hydrochloric acid, reprecipitating, and finally dissolving 
the precipitate in ether and leaving the ether to evaporat e, it may be obtained as an 
amorphous perfectly uncrystallisable mass. It is also produced by the action of 
butyric anhydride on codeine. Its hydrochloride, OyE-O^. 21101 

crystallises well, gives off its water of crystallisation at 100°, and yields a platino- 
chloride having the composition 

Dihenzoy I -codeine, formed by the action of benzoic 

anhydride on codeine, crystallises anhydrous from ether. It dissolves but very 
sparingly in water either cold or hot, and is not altered by boiling with water. Its 
hydrochloride forms, with a large quantity of warm water, a clear solution, which on 
cooling becomes opalescent like starch-paste ; and if the solution was concentrated it 
deposits a soft amorphous mass which may be crystallised, and has the composition 
C^®H^“(C^H®OyN-0®.2HCl + 2WO. The platinochloride is anhydrous and more soluble 
in alcohol than in water. 

The ethiodides of dibutyryl- and dibenzoyl-codeine crystallise with 1 mol. water. 

Codeine-derivatives containing Polyatomic Acid Radicles (Beckett a. 
Wright, Chem. Soc. J. xxviii. 689). 8uccino-codeine or Codeine-succinic acid, 
0S6jj4o]^ 2O6(COC^H'*COOH)2, is formed by heating codeine to 180° with twice its 
weight of succinic acid, whereupon the whole becomes liquid ; and on dissolving the 
product in water, and freeing it by fractional precipitation with sodium carbonate or 
ammonia from coloured impurities which separate out first, and then cautiously adding 
further quantities of the precipitant, the pure compound is thrown down in white 
flocks, and on dissolving these in boiling alcohol, the acid separates on cooling in 
small crystals. Its formation is represented by the equation : 

+ 2C2H‘>(COOH)2 = 2H20 + C^sH^H^O^CCOC^H^COOH)^. 

The crystals, when air-dried, contain 10 mol. H-0, which they give off at 100°. The 
acid is insoluble in water, ether, and benzene, slightly soluble in cold, easily in boiling 
alcohol, also in acids and in excess of alkali. Its alkali-salts could not be prepared. 
Its solution in baryta- water is decomposed by carbonic acid ; an ammoniacal solution 
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eYaporated over sulphuric acid leaves the acid unaltered, and the addition of silver 
nitrate is followed by separation of metallic silver. 

The compounds with addSj on the other hand, are easily prepared. A solution in 
hydrochloric acid yields, when evaporated over oil of vitriol, crystals of the compound 
+ 2H^O, which gives off its water at 100°, and yields a doceulent 
precipitate with platinic chloride. 

The compound C®®H‘*®N=O®(CO0“H'‘COOH)2 is analogous in constitution to 

c-Hn 


Lourenco’s succinethyle7m add^ 


0® (ii. 582), which, however, more readily 


forms metallic salts, but is incapable of uniting with other acids. 

Gamphoro-codeine, or Codd^ie-camphoric acid, — Camphoric 

acid and codeine, heated together, form a hard mass, from which may be extracted a 
crystalline body having the composition above given. It crystallises from dilute 
alcohol with 8 mol., from alcohol of 80 per cent, with 6 mol. H-0 ; forms a hydro- 
chloride which is slightly soluble in cold water, crystallises from dilute alcohol, has 
when air-dried the composition G®®H.^®N“0^2.2C1H -i- 2H'^0, and form^. an amorphous 
platinochloride. 

Tartaric add and Codeme yield, when heated together, a solid mass, the greater 
part of which dissolves in water. The residue is insoluble in aqueous but soluble in 
alcoholic hydrochloric acid, and is reprecipitated by water and alkalis, in the latter 
case free from chlorine. The hydrochloride and platinochloride contain much less 
chlorine than might be expected from analogy to the derivatives above described. 
The product of the reaction may perhaps be regarded as a tartro-derivative of tetra- 
codeine, which, like acetyl-tetracodeine, has lost some of its binding power. 

Oxalic add and codeine, heated together, melt to a clear liquid, which gives off 
large quantities of carbon dioxide and monoxide in about equal volumes, and after- 
wards acid vapours. The oxalyl-derivative could not be isolated, but the product 
contained di-codeine and probably also tri- and totra-codeine. Beckett a. Wright are 
of opinion that these polycodeines are produced from a very easily decomposible 
codeine-oxalic acid formed in the first instance, and that the formation of the same 
polymerides by the action of sulphuric and phosphoric acids on codeine (vi. 481 ; vii. 
372) is in like manner preceded by that of intermediate compounds which cannot be 
isolated. 


MOSAHBBXXJM. See Ytteium-metals. 

l^OTTBAMXTB. See Vanadates. 

IMEXJCXC ACXB, This acid, treated with phosphorus pentachloride, 

yields a chloride convertible by water into cliloromuconic acid, OTTCFO'*, which, 
when treated with water and sodium-amalgam, yields hydromuconicacid, ; 

and this latter, dissolved in glacial acetic acid and treated with bromine, yields iso- 
dibrom -adipic acid, C^H^Br^O*, which is converted by silver oxide into the silver 
salt of mu conic acid, (vii. 827). 

3MCX7C0SR01MCXC ACIB, is formed by adding bromine in excess to 

pyromucic acid dissolved in water (vii. 828). 

XUEUCOH. On Alcoholic Fermentation produced by Mucor Mucedo and Mucor 
raeemosus, see vii. 518 ; viii. 776. According to Miintz {Comp. rmid. Ixxix. 1182), 
Mucor Mucedo contains trehalose. 

MIJRBX. According to A. and G-. de Negri, the purple of Murex trecueuXus con- 
sists of two colouring matters, one of which is identical with indigo-blue. The juice 
of Murex trecueulus becomes coloured on exposure to the air, even in the dark; that 
of Murex hrandaris only in the light. 

XMtXTRBXAXir and MXrREXXI>. According to Magnier de la Source {Bull, 
Bog. Chim. [2], xxii. 56), the so-called murexid reaction is to he ascribed partly to 
the formation of ammonium isoalloxanate, C^H2(NH'‘)2N‘'^0®, partly to that of acid 
ammonium purpurate, 0_®HXNH-*)N®0®. The latter compound is formed from alloxantin 
by the action of ammonium carbonate, while alloxan, treated with the same reagent, 
yields the former, as will be seen from the following equations : 

GsH^N‘0’ -f (NH4)2GO» = CW(NH4)NsO« + GO^ + 2H20 
G^H^N^O** -1- (NH^)2C03 = C4H2(NH^)2N20^ + GO^. 

Consequently, a mixture of alloxan and alloxantin, treated with ammonium carbonate, 
will produce both these colouring matters. The ammonium isoalloxanate may be 
partly removed from the mixture by washing, and partly remains, perhaps with the 
purpurate, a circumstance which sufficiently accounts for the great differences among 
chemists respecting the formula of murexid. See also J. Besch {Chem. Neivs, xxxii. 171) 
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MURRAYIsr, A glucoside from tlie flowers of Murraya emoticaf 

m. p. 246° (De Vrij, Jahresh.f. CJiem, 1876, 850). 

IVKtTSA. The colouring matter of Musa Fehii, a tree growing on the highlands of 
Tahiti, is described by Niederstadt {Dingl.pol. J. ecxix, 165). The juice separates 
into a caoutchouc-like mass, and a watery liquid haying a raspberry colour in thin, 
blue-violet in thicker layers. This liquid dyes cotton and linen greyish-violet with 
alum-mordants, and a splendid violet with tin-mordants. 

MXTSCil.I&XlN'E, An alkaloid occurring, together with amanitine 

(choline), in the fly-agaric (Agaricus muscarius'). The mode of separating the two 
has been already described (p. 456). Muscarine may be formed artificially by gently 
heating choline hydrochloride or platinochloride with strong nitric acid ; its sparingly 
soluble platinum salt is easily separated from nndecomposed choline platinochloride. 
The platinochloride of muscarine, decomposed by potassium chloride, yields muscarine 
hydrochloride, C^H^^NO^.HCl, which is converted by moist silver oxide into the hydrate 
or hydroxide, agreeing in all its properties with the 

base obtained f^m the fly-agaric. 

Muscarine hydroxide forms irregular deliquescent crystals having an alkaline 
reaction ; it forms an alkaline salt with carbonic acid, neutral salts with the stronger 
acids. The aurochloride)i&^ the composition C^H’'^NO-CLAuGP; the flatinochloride 
is (CsH»^N02qi)2PtGP 2H20. 

Muscarine is related to betaine in the same manner as chloral hydrate to trichlor- 
acetic acid : 

GGP—OOOH (GH8)«lSr— CH2— GO— 0 

Trichloracetic acid. j | 

Betaine. 

CGP— GH(OH)2 (GH5)3N— CH2__0(OH)2 

Chloral Hydrate. | j 

Muscarine. 

Muscarine hydroxide is represented by the formula (GH®)®17 <^q2-2 CH(0H)2 

(Schmiedeherg a. Harnack, Chem. Centr. 1876, 554). 

MtrscovZTE. See Mica (p. 1319). A description of the localities of Bengal 
muscovite is given by 0. Feistmantel (Verh. geol, BeichsansU 1875, 301 ; Jahresh.f, 
Chem. 1875, 1219). 

IWIXTST, See Wine. 

MUSTARl). Detection of Adulterations. — ^Wheat-flour, &e., may he easily de- 
tected by the formation of iodide of starch on addition of iodine-tincture ; turmeric by 
its appearance under the microscope, by the borax reaction, and by the fluorescent pro- 
perties of its alcoholic solution (see Turmeric) ; gamboge by the reddening which it 
exhibits with alkalis ; Cayenne pepper also by the microscope, and by the biting taste 
which it imparts to the alcoholic extract ; mineral substances by incineration. The 
amount of adulteration may be approximately judged of by determining the quantity 
of fixed oil obtainable from the mustard, winch with pure mustard amounts to 85 or 
36 per cent. (A. H. Allen, Chem. News, xxx, 116). 

In the oil obtained by pressure from the seeds of black mustard, Gr. Goldschmiedt 
(Wien. Alcad. Ber, Ixx. 451) has found erucic and benic acids, together with a liquid 
acid not yet investigated (see Erucic Acid, p. 737). 

MUSTARB OZXiS (VOliATlIiE), See Garbimides (thio-), (pp. 606^608). 

mircORAPnm and MYCOSTERIKT, These names are given by F. A. 
Hartsen (Chem. Centr. 1873, 205) to two substances which he obtained from Agaricus 
fasemdatus and Lactarius deliciosus. 

mXCROCYMES or RCZCROZYMSS. See Ferments (p. 782). 

MYEXiIET. On the formation of this substance from hsemin, see p. 922. 

See Proteids. 

MYRICYE AXaCOHOZi, ; also called Melissyl Alcohol. 

This alcohol and several of its derivatives have been studied by L. v. Pieverling (Liebig's 
Annal&i, clxxxiii. 344). The alcohol was prepared from Carnauba wax by one of the 
two following processes ; (1). The wax is saponified by boiling with alcoholic potash, 
the alcohol distilled off after filtration, and the soap boiled with a solution of lead 
acetate. The yellow masses which separate out are washed, dried, and boiled with 
absolute ether. The wax alcohol crystallises out from the filtered solution in white 
glittering crystals, and is purified by repeated recrystallisation. (2). The soapy mass 
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is boiled with dilute hydrochloric acid, and the waxy masses which separate are 
washed and dried. They are then dissolved in boiling alcohol, the fatty acids removed 
by ammonium and barium chloride, and the residue, after distilling off the alcohol, is 
boiled with water and then dried. The myricylic alcohol is then extracted with 
boiling absolute ether, and purified by repeated recrystallisation. Both these methods 
yield about 11 percent. 

Myricyl alcohol crystallises from ether in small glittering white needles, which 
are scarcely soluble in cold alcohol, ether, or benzene, little soluble in cold chloroform, 
but easily soluble in these media when hot. At 85° it melts to a colourless oil, 
solidifying at 84° to a white wax. On analysis it gave numbers closely according 
with those for the formula and not in accord with Maskelyne’s formula, 

(vi. 391). 

Myrioyl Iodide, was prepared by heating the alcohol to 120°, adding 

phosphorus and iodine by small portions, and at the end of the reaction dissolving 
the product in alcohol and crystallising from ligroin. It forms small white glistening 
plates without odour or taste, scarcely soluble in cold alcohol, ether, or benzene, 
but easily soluble in the same liquids when hot. At 69*5° it melts tdf a clear, colour- 
less oil. 

Myricyl Chloride, C^°H“^C1, is prepared by acting with phosphorus pentachloride 
on myricyl alcohol, and heating the product first in a water-bath, and then in a current 
of hydrochloric acid, and purified by repeated solution in hot ether. It forms a 
pale yellow, waxy mass, melting at 64*5°, and without odour or taste. It is soluble 
in alcohol, ether, benzene, and ligroin, but does not crystallise from any of these 
media. 

Myricyl Mydromlyhide, formed by the action of an alcoholic solution 

of myricyl chloride on potassium sulphide, is an amorphous yellow powder, without 
odour or taste, slightly soluble in boiling ether, ligroin, and alcohol, easily soluble in 
boiling benzene and chloroform, forming yellow solutions. It molts at 94*5° to a 
yellow oil, which solidifies at 93*^ to a yellow amorphous mass. 

Myricylamines. — By passing a stream of dry ammonia into melted myricyl iodide 
for more than twenty -four hours, boiling the whole pulverulent mass with alcohol, 
and crystallising the residue from benzene, a yellow, crystalline, heavy body is 
obtained, melting at 78°, nearly insoluble in boiling alcohol and ether, hut readily 
soluble in boiling benzene, toluene, and chloroform. This body appears to be a mixture 
of the three bases, mono-, di-, and tri-myricylamine, which cannot be separated from 
one another. 

MITBISTIC ACXB, This acid exists in nutmegs, and 

may he separated therefrom by distillation, whereby an oil is obtained, together with 
a crystalline substance, which, when washed with cold and repeatedly crystallised 
from hot alcohol, forms colourless shining laminae, having when fresh the peculiar 
odour of nutmegs, but losing it by keeping. These crystals are insoluble in alcohol, 
melt at 54'5°, and give by analysis numbers agreeing with the formula The 

alcoholic solution has a faint acid reaction (Fliickiger, N. Rep, Rharni. xxiv. 213). 

Myristic acid is likewise obtained, together with a fragrant oil, by distilling iris 
root with water (Fliickiger, p. 1095). 


N. 


XTAPBTBA.IEH'X:, C“H*. Formatimi.—TlMs hydrocarbon is formed : 1. On 
passing the vapour of isohutylbenzene over heated lead oxide at a temperature at 
which isohutylbenzene alone is not altered (Wreden and Znatovicz, Ber. ix. 1606). 
2, On passing oil of turpentine through a red-hot tube (Schulz, ibid. ix. 548). 3. On 

distilling colophony and gum-henzom with zinc-dust (Ciamician, ibid. xi. 269). 
4. On passing wood-tar through a red-hot tube (Letney, Atherberg, ibid. xi. 1210, 
1222). 5. On heating dimethylaniline with bromine at 110°-120° (Brunner and 

Brandenburg, ibid. xi. 697). 

‘Properties. — In connection with his experiments on the simultaneous distillation 
of water and of bodies not miscible with water, when the latter are heated by the 
passage of a current of steam, Naumann has determined the vapour-tension of naph- 
thalene to be 2 mm. at 15°, 9 mm. at 78°, and 20‘5 mm. at 100°, The amounts of 
naphthalene and water which distilled over when steam was passed into naphthalene 
were as follows ; 
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Temperature 


Barometer (corr.) in liquid in vapour 

795-5 97-8° 99*2° 

757 97-7° 99-1® 

733 98-2® 


Eatio of naphthalene 
to water in distillate 
100 : 520 
100 ; 570 
100 : 555 


{Ber, iv. 646 ; x. 2014, 2100; xi. 33). 

The crystallographic characters of a number of allied chlorinated and brominated 
derivatives of naphthalene have been studied by Hintze {Pogg. Ann, Sup. vi. 1873, 177). 

Beactions, — Naphthalene combines with a-dinitrochloro benzene, forming the com- 
pound O^^H^C^^H^C^NO-)-, which crystallises from alcohol in long white needles 
melting at 78®. It is decomposed when heated with an alkali or aniline, naphthalene 
being separated, and a dinitrophenol-salt or dinitrophenylaniiine produced (Willgerodt 
Ber. xi. 603). 

Thionyl chloride, SOOP, and naphthalene furnish only a resinous product (Bottinger, 
ibid. xi. 1409). Benzenesulphonic chloride, O^H^.SO-Cl, and naphthalene, in presence 
of aluminium (Moride, furnish a similar product (Beckurts a. Otto, ibid. xi. 2069). 


Htdeocaebons, &c., belated to Naphthalene. 

Iiiraplitlxalene Hydrides. By heating naphthalene at 280® with twenty times 
its weight of a solution of hydriodie acid, saturated at 0®, Berthelot obtained a hydro- 
carbon boiling at 200®~210®, which he regarded as naphthalene dihydride, 
together with a small quantity of a second hydrocarbon, probably the tetrahydride, 
Qiojgia. latter hydrocarbon was subsequently prepared in the pure state by 

Baeyer, by heating naphthalene with phosphonium iodide ; according to Graebe {Ber. 
V. 678), it is much more readily obtained by heating naphthalene with hydriodie acid 
and amorphous phosphorus (10 grams naphthalene, 3 grams phosphorus and 9 grams 
of a solution of hydriodie acid boiling at 127° are sealed up in a tube, which is heated 
for six to eight hours at 220°-250°). 

Naphthalene tetrahydride has a density of *981 at 12*5°, and boils at 205° ; it 
readily combines with trinitrophenol. It is dissolved by cold concentrated sulphuric 
acid, being converted into the sulphonic acid, When passed through a 

red-hot tube, it is resolved into naphthalene and hydrogen. It is much more readily 
oxidised than naphthalene, yielding phthalic acid; the oxidation may be effected 
either by means of dilute nitric acid (sp. gr. 1-2), or by an acid solution of potassium 
permanganate. On treatment with concentrated nitric acid, it yields nitro-compounds, 
and among others trinitrophenol. On adding bromine to its solution in carbon di- 
sulphide, hydrobromic acid is evolved in large quantity, and on evaporating off the 
solvent, an oil is obtained, which decomposes on distillation into brominated com- 
pounds, naphthalene, and a hydrocarbon boiling at 210®-212®, which, perhaps, has 
the composition 

Wreden a. Znatowicz state {ibid. ix. 278, 1606 ; Liebig' s Annalen, clxxxvii. 164) 
that the hydrocarbons and 0^“!!““ are also formed on heating 

naphthalene with hydriodie acid and phosphorus, but they have only described the 
manner in which they prepared one of these, viz. that of the formula which 

they term hexhydroGymene. This hydrocarbon is said to be a colourless mobile liquid, 
having a density of -802 at 0° and *788 at 23°; it boils , at 153°~158°, and is not 
attacked by either nitric or sulphuric acid at the ordinary temperature. No reason 
for terming this hydrocarbon hexhydrocyimne has been stated. The hex- and oct- 
hydrides are said to boil respectively at 195°- 200° and 185®-190°, and to absorb 
oxygen on exposure to the air. 

ikcenaphtliylene, This hydrocarbon is formed by passing acenaphthene, 

over gently heated lead monoxide (Behr a.' van Dorp, Ber. vi. 753 ; Blumenthal, 
ibid. vii. 1092). It is very soluble in alcohol, ether, and benzene, and is thus dis- 
tinguished from acenaphthene, which is difficultly soluble. Acenaphthylene forms 
large, glistening, golden-yellow plates, melting at 92®-93® ; it boils at about 265®~ 
275®, but undergoes partial decomposition. With trinitrophenol it forms the com- 
pound C^-H*^.0®H-(NO’‘^)®OB[, which crystallises in yellow glistening needles, melting 
at 201°-202°. It is converted into acenaphthene on treatment of its alcoholic solution 
with sodium amalgam. On oxidation with potassic dichromate and sulphuric acid it 
yields naphthalic (naphthophthalic) acid, C^®B[®(COOB[)“. Acenaphthylene combines 
with bromine, forming a dibromide which yields naphthalic acid on oxidation. This 
bromide separates from a mixture of benzene and anhydrous alcohol in white needles 
melting at 121°-123®; by the action of alcoholic potash, it is converted into an oily 
monobromacenaphthylene, but a second molecule of hydrobromic acid cannot be with- 
drawn from this compound even by heating with alcoholic potash at 140°. Ou 
Yol. VIII. 4 S 
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treating t>romaceDaphthylene with bromine, dibroraacenaphthylene is produced ; this 
body crystallises in orange-red plates, and apparently yields bromonaphthalic acid on 
oxidation. ^ 

By treating a solution of acenaphthene in carbon disulphide with an excess of 
bromine, dibromacenaphthene tetrabromide, C^'-^H^Br®, is produced ; but if a single 
molecular proportion of bromine be added to an ethereal solution of acenaphthene, 
monobromacenaphthene is formed. The latter yields monobromonaphthalic acid on 
oxidation. 

The relation between acenaphthene, acenaphthylene and naphthalic acid is repre- 
sented by the following formulae : 


cmx I 

Acenaplitliene, 


.CH 

\OH 

Acenaphthylene. 


Naphthalic acid. 


MetbylnapUthalene, This hydrocarhon^'appears to be 

formed on distilling colophonium and gum benzoin with zinc dust ((Xamician, Ber, xi. 
269). 

Pbenylnaphtlialeney This hydrocarbon is formed on 

passing a mixture of naphthalene and bromobenzene through a tube heated to redness. 
It forms colourless transparent plates, melting at 95°-96° (Watson Smith, Ber. xii. 
1396, 2049). The hydrocarbon produced on distilling chrysoqninone with soda-lime 
(vih. 472) is probably phenylnapbthalene. 

By passing phenylnaphthalene vapour through a red-hot tube, Graebe and Bungener 
have succeeded in obtaining chrysene (Bej\ xii. 1078), thus proving that chrysene is 
analogous in constitution to phenanthrene : 





Chrysene. Phenanthrene. 


The phenylnaphthalene employed for this purpose was prepared by submitting naph- 
thalene to the combined action of aluminium chloride and phenylacotic chloride, 
C®H^CH^COCl, and reducing the naphthylbenzyl-ketone thus obtained by beating it 
with hydriodic acid and phosphorus at 150°-160®. 

Benzylnaphthalene, prepared by digesting a mixture 

of naphthalene and benzyl chloride with zinc dxist, crystallises in monoclinic prisms, 
melting at 58*6®.^ It boils at 320^-330°, It is onlj^ slightly soluble in alcohol, but 
readily dissolves in ether and carbon disulphide. It yields non-crystalline derivatives 
with chlorine ; monobromobenzylnaphthalene is a syrup ; the higher bromo-dorivatives 
form granular masses. Nitric acid converts it into a trinitro-compound. It forms a 
crystalline compound with trinitrophenol (Miquel, Bidl. Soc, Ckim. [2], xxxu. 2). 

Blnaplithyl, On treating naphthalene potassium (vi. 844) 

with ethyl bromide, a yellow hydrocarbon is obtained which, according to Abeljanz 
(Ber. V. 1027), has the composition Probably this may have been impure 

dinaphthyl.^ In addition to the two isomeric dinaphthyls already described (vii. 842), 
Watson Smith has obtained a third modification, thus completing the series of possible 
isomeric forms of^ this hydrocarbon. It would appear that all throe are obtainable 
though in very different quantities, by passing naphthaleue, together with antimony 
trichloride, through a red-hot tube. By far the largest proportion of the. product 
consists of isodinaphthyl ; the next in quantity is the isomeride of lowest melting 
point ; the third modification, identical with that originally obtained by Lossen, is 
formed by this method in extremely small quantity. The three bodies are separated 
by a tedious process of fractional crystallisation from low boiling petroleum (Chem. 
Boo. J. 1877, xxxii, 559; 1879, xxxv. 224). 

Watson {Smith finds that the product prepared by Lossen’s method, but using 
sulphuric acid diluted with rather more than its own bulk of water instead of with 
twice its weight of water, contains only the one dinaphthyl ; this crystallises in per- 
fectly colourless rhomhoidal plates, melting at 154°~155°. This modification is 
doubtless aa-di naphthyl, as Lossen also obtained it by the action of sodium-amalgam 
on a-bromonaphthalene. ° 

So-called isodina'phthyl is probably the /8^-raodifi cation, as it has the highest 
melting point of any of the dinapbthyls. It crystallises readily in colourless, very 
regular rhombic plates, melting at 187®, and is much less soluble in alcohol, ether, 
benzene, &c. than either of the isomerides. 

The third dinaphthyl, which is probably the a/S-modification, forms small white 
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six-sided (apparantly monoelinie) plates, melting at 76®. It is very sohible in alcohol, 
ether, and benzene. 

All the dinaphthyls boil considerably above 300°, but the most fusible appears to 
have a lower boiling point than the least fusible. Their vapour-densities, as determined 
by Meyer’s method, agree with the formula On the supposition that they are 

constituted as above stated, they are indicated by the following symbols : 




aa-DinapIithyl 




(m. p. 154°). 



aj3-Dinaplithyl (m. p. 76®). 


% 


/\/\_/\/\ 

\A/ \/\/ 

jSjS-Dinaplathyl (m. p. 187°). 


A number of experiments have been made by Watson Smith on the action, at a 
high temperature, of different chlorides on naphthalene. A mixture of naphthalene 
and antimony trichloride gives a much larger yield of high boiling products (di- 
naphthyls, &c.) than naphthalene alone ; and similar results are obtained with tin 
tetrachloride. A mixture of naphthalene and tetrachloromethane nearly in the pro- 
portion : OCl^ at a dull red heat, gave a better yield of dinaphthyls — as in 

other similar cases, chiefly the jS^-modification — than .any other mixture at so low a 
temperature ; similar but somewhat less satisfactory results were obtained with tri- 
chloromethane. Carbon disulphide does not appear to aid the formation of the 
dinaphthyls. A mixture of naphthalene and bromonaphthalene in equal molecular 
proportions yields a considerable quantity of /3i3-di naphthyl. Better results are 
obtained on passing this mixture over soda-lime ; lime alone does not answer so w'pJI. 
Iso- (,6^3) dinaphthyl yields hexchlorobenzene and hexchlorethane on perchlorination 
(Watson Smith, Bcr. xii. 2131). 

Binaphtliyle thane. A tri chlorinated derivative of this hydrocarbon is formed 
in two isomeric modiflcations by the action of chloral and sulphuric acid on naphtha- 
lene (Grabowski, Ber, vi. 224; xi. 298). To a mixture of 3 pts. chloral, 8 pts. 
naphthalene and 6 pts. chloroform, 6 pts. of ordinary concentrated and afterwards an 
equal quantity of fuming sulphuric acid are added with constant stirring, the mixture 
being cooled. As soon as the temperature ceases to rise, 1 5-20 pts. of water are 
added, the chloroform is then distilled off, the residue washed with cold water, and 
afterwards extracted with 10-15 pts. of boiling water. The imdissclved portion is then 
boiled with an equal weight of benzene, and the solution filtered; on cooling, it 
deposits crystals of ^-dina^htJiyltriohlorethane, CCP.CH(C*®H7“- The a-compound is 
contained in the alcoholic solution, but has not yet been obtained free from the 
i8-componnd. 

i8-I)inaphthyltrichlorethane forms triclinic prisms melting at 156® ; it is insoluble 
in cold alcohol, and sparingly soluble in boiling alcohol and ether, but easily soluble 
in benzene and chloroform- It is not oxidised by the ordinary chromic acid mixture. 
It yields a bromo-derivative on treatment with bromine. AVhen submitted to the 
action of 1 0 pts. of cold fuming nitric acid, it is converted into a tetranitro-derivative, 
which is a pale yellow crystalline powder melting at 258°, 

^-Hina'phthyldichloTethylene, CCl-mC(C^‘*H’)-, is obtained on submitting j8-di- 
naphthyldichlorethane to dry distillation or to the action of alcoholic potash. It 
crystallises from benzene, in which it is very easily soluble, in short prisms melting 
at 219°, difficultly soluble in alcohol ; it boils without decomposition above 360°. 
It combines with bromine. With nitric acid it yields tetranitro-i8-dinaphthyldichlor- 
ethylene, which melts at 292°, 

a-Dinaj^hthyldicMorethylene is produced on distilling crude a- di naphthyl trichlor- 
ethane with 20 per cent, of its weight of lime. The product is dissolved in the smallest 
possible quantity of hot benzene, and after the j8-eompound has crystallised out, the 
benzene is distilled off, and the residue crystallised from boiling alcohol, from which 
it separates in long, colourless, silky needles, melting at 150°, 

Dlnaptitliylacetylene, = C^°H^.C^Q.C^°H^. This hydrocarbon is 

formed on heating dinaphthyltrichlorethane with zinc dust, lead oxide, zinc oxide, or 

4 s2 
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soda-lime. It crystallises &oni alcoliol in long silky needles, melting at 225° and 
boils above 360°, but apparently undergoes decomposition. 

Binaphtliylantliryleiie, This hydrocarbon is formed under apparently 

the same conditions as the foregoing. It is best prepared by distilling ^-dinaphthyl- 
trichlorethane with 15 pts. zinc oxide at a red heat. It is difficult to purify. After 
crystallisation from benzene and sublimation, it forms violet-coloured plates, melting 
at 270° ; but when separated from its compound with trinitrophenol, it is colourless. 
Probably it bears the same relation to dinaphthylacetylene that phenanthrene bears 
to stilbene, thus : 


1 1 

C«mCH 

1 II 

CmCH 

C'H^CH 

stilbene. 

Phenanthrene. 

C^oH^CH 

C'®H«.C 

C^°H^CllB[ 



Dinaphthylacetylene. 


{. 

D inaphthylanthrylene . 


KTapHthylplienylcarbinol and Dlnaplithylplienylmetliaiie. See Lehnb 
{Ber, xiii. 358), 

Naptitliylplienylcartoazol, Graebe a. Ehecht have described a 

compound of the formula obtained from coal-tar, and by passing the vapour 

of i8-phenylnapthylamine through a red-hot tube, which appears to be the analogue of 
imidodipheuyl (carbazol), {Bgt, xii. 341, 2242), thus: 



This compound was first discovered by Erunck in a sublimate from the residue of the 
distillation of crude anthracene, and purified by him, in conjunction with Vischer, by 
crystallising the portion of the sublimate insoluble in boiling glacial acetic acid 
from hot aniline and then subliming it. Graebe a. Knecht, however, employ benzene 
instead of aniline. When purified by crystallisation or sublimation, it always pos- 
sesses an intense greenish-yellow or golden-yellow colour, which, however, does not 
appear to be characteristic of the pure substance, as it is rendered colourless, if 
heated with potassium hydrate, without being otherwise altered in properties, and is 
also obtained colourless when separated from its acetyl-derivative. 

It is almost insoluble in cold alcohol and benzene, very slightly soluble in boiling 
benzene and acetic acid, moderately soluble in hot aniline. Its solutions exhibit an 
intense blue fluorescence. It melts at 330°, and has a higher boiling point than 
sulphur ; its vapour-density, determined in phosphorus pentasulphide vapour, agrees 
with the formula It dissolves in sulphuric acid, forming a yellow solution ; 

the least trace of nitrous or nitric acid renders the liquid brownish-green. 

Heated with acetic anhydride at 220°-240°, it yields a mmiacetyl-derivative^ 
C^®H^®N(0^H’*0), which crystallises from boiling alcohol in colourless prisms melting 
at 121°. By the action of nitrous acid, it is converted into ^ nitroso-derivative, 
C^W"N(lsO), which crystallises from ether in reddish-yellow needles melting at 240°. 
This nitroso-derivative dissolves in sulphuric acid, producing a magnificently rod- 
violet coloured liquid, which becomes dark brown on heating. 

It is with difficulty oxidised by chromic acid, yielding one or more acids and a 
quinone, C^sH®N(02). 

XTaplitlialene Colours. Naphthalene or Magdala^red (Hofmann, Ber, ii. 374, 
412). — This colour has the formula and is a product of the action of 

naphthylamine on the so-called azodinaphthyldiamine of Perkin and Church, 
+ C'®H®N = + An analogous compound having similar pro- 

perties is obtained on submitting azodinaphthyldiamine to the action of paratoluidine 
hydrochloride (Lecco, Ber, vii. 1290). Azodinaphthyldiamine, according to Lecco, 
melts at 174°, and not at 135°, as stated by Perkin a. Church. 

A considerable number of azo-derivatives, prepared by the direct action of diazo- 
compounds on various naphthalene-derivatives, are now in use as dyes. The following 
compounds of this class have been described by Griess, Hofmann, Typke and Witt. 
It will be noticed that they are all derivatives of the azo-compound intermediate in 
composition between so-called azobenzene and azonaphthalene, thus : 

C»mNzzH.CsH‘^ 

Azobenzene. Azonaphtbalene. 

See also Weselsky and Benedikt and Griess {Ber, xii. 238, 426). 
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(a). C®H®.N=:N.C^®H®(OH). — The compound of this formula is the product of the 
action of diazobenzene nitrate on a-naphthoL It forms microscopic brown needles, 
melting at 166°, soluble in alkalis and most of the ordinary solvents ; its solutions 
have a reddish-brown colour and possess considerable tinctorial power. On treatment 
with sulphuric acid, it is converted into a sulpho-acid, which dyes silk and wool 
orange-yellow (Typke, Be?\ x. 1580). 

(5). — The compound of this formula is prepared by 

adding a solution of sodium a-naphtholsulphonate to a solution of diazobenzene nitrate; 
it crystallises in hair-fine red needles (Hofmann, Ber, x. 1380). 

(c). — This compound is prepared in a similar manner 

from ^-naphtholsulphonate ; it forms reddish-brown needles with a golden-green 
lustre (Griess, idid. 2197). 

(d, e). C®ii‘‘(SO®H).Nz=:N.C^“H®(OH). — Two modifications of this compound, pre- 
pared by the action of paradiazobenzenesulphonate (from paramidobenzenesulphonic 
or sulphanilic acid) on a- and j3-naphthol respectively, are the basis of Poirrier’s oranges 
and of the so-cahM Tropoeolines 000 1 and 2 (comp. Witt, Ckem, Soc. J. xxxv. 184). 

.(/» 9)‘ ^-^wo ^ other modifications of the same compound may be obtained by the 
action of metadiazobenzenesulphonate on a- and iS-naphthol (Griess, loc, cit,) 

When submitted to the action of nascent hydrogen (tin and hydrochloric acid) 
these compounds yield the corresponding amidosulphonie acid and amidonaphthol 
(Griess). 

(A), _C®H-‘(SO^H).N=zN.C*°H®(SO®H),OH. — This compound is prepared by adding 
a solution of paradiazobenzenesulphonate to an alkaline solution of j8-naphthol- 
sulphonic acid, &c. It is a yellowish-red crystalline substance. The bammi salt, 
G*®H^°N-S”0’'Ba,7*50H-, crystallises in dark orange-red microscopic needles, difficultly 
soluble in hot and very difficultly soluble in cold water. 

(i), C^“H''(SO^H).NzrN.O“^H^.OH. — This body is a beautiful red colour; it is 
prepared from diazonaphthalenesulphonic acid and /S-naphthol (Griess ; comp. Ber. xiii. 

(y). C^H^(SO^H)(COOH).N=N.C^‘’H^(OH)(COOH). — This compound is obtained 
by acting on an alkaline solution of a-hydroxynaphthoic acid with diazosulphobenzoic 
acid ; it crystallises in brown microscopic needles and plates, exhibiting a bronze 
lustre (Griess). 

(k). C'*H'&'(SO^H).NiirN.C’®H®(OH)-. — This compound is prepared from di- 
hydroxynaphthalene and diazodibromobenzenesulphonic acid; it separates from its 
aqueous solution on the addition of hydrochloric acid in violet-brown microscopic 
needles (Griess). 


Derivatives of Naphthalene. 

Chloronaphtlialenes. Monochlorona^hthalenes, C^^H^Cl. — That obtained 
by the direct action of chlorine on naphthalene — or rather, by the decomposition of 
naphthalene dicliloride — is the a-modification. ^-Monochloronaphthale7ie is formed 
on treatment of ^ ^-naphthol or naphthalene-^S-sulphonic chloride with phosphoric 
pentadiloride (Rimarenko, Ber. ix. 663 ; Oleve, Bull. Soc. Chhn. xxv. 257) ; and by 
boiling ^-diazonaphthaleue sulphate with concentrated hydrochloric acid (Liebermaun 
a. Palm, Liebig'’ s Annalcn, clxxxiii. 270). It crystallises from alcohol, in which it is 
easily soluble, in naphthalene-like plates melting at 61° (L. a. P.); 56° (R.) It 
boils at about 260°. 

DichloTonafhtlialenes, — ^No fewer than eight of the ten possible 

modifications of dichloronaphthalene are said to have been obtained. 

a-J)ichlorona.'])hthalene, obtained by acting on naphthalene tetrachloride with 
alcoholic potash, melts at 35°, and boils at 281° (Faust a. Saame). 

^-Dichloronaphthalene is formed, together with a small amount of the a-isomeride, 
when pure naphthalene tetrachloride is decomposed by rapidly heating small quantities 
to the boiling point, but together with a considerable amount of the same isomeride, 
when a larger quantity of the tetrachloride is heated and maintained in a state of 
gentle ebullition until hydrochloric acid is no longer evolved (Kraffi a. Becker, Ber. 
ix. 1088). It is also formed on treatment of a-nitrO'Ct-naphthol with phosphoric 
pentachloride (Atterberg, 'iizd. ix. 1189). ^ It melts at 68° and boils at 281° (Faust a. 
Saame) ; on oxidation with nitric acid, it yields dichlorophthalic acid (Atterberg, 
ibid. X. 547). 

y-Dichloronaphthalene is best prepared by gradually adding phosphoric penta- 
chloride to so-called a-dinitronaphthaRne heated in an oil bath to its melting point, 
the apparatus being so arranged that the phosphoric oxychloride distils over as it is 
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produced ; it is a product of the action of chlorine on nitronaphthalene (Atterberg, 
ibidAx. 317, 1188, 1734), and of the action of phosphoric pentachloride on the nitro- 
naphthalenesulphonic acid formed from a-nitroiiaphthalene and from naphthalene-a- 
sulphonic acid (CleTe, Bull. Soc. Chini. xxiv. 506). 'y-Dichloronaphthalene ^crystal- 
lises from alcohol in colourless glistening scales melting at 107®. On oxidation with 
nitric acid, it yields nitrochlorophthalic acid, C'^H-01(NO^).(COOH). 

Z-BiGhloToiidjphihdenc is obtained on distilling the chloride of a-, and ^-dichloro- 
nayihihaUne that of jS-napJithalenedisulphonic acid with phosphoric pentachloride. 
The former crystallises in large brilliant plates melting at 114°; the latter in bril 
liant prisms melting at 13,5° (Cleve Bull. Soc. Chim. xxTi. 244). 

(-Bicliloronui^hthalene is formed in small quantity on distilling iS-dinitronaphthalene 
with phosphoric pentachloride ; it crystallises in well-developed prisms, molting at 
83° (Atterberg, Bei\ ix. 1732). 

'fi-I>ichloronaj[)hthalene, obtained by distilling nitronaphthalene-i3-sulphonic chloride 
(m.p. 125*5°). with phosphoric pentachloride, melts at 48°. It yiejds a mixture of 
chloro- and chloronitrophthalic acid when submitted to the action c^^itric acid under 
pressure at 150° (Cleve, Biill. Soc. Chim. xxix. 499). 

^-Bichloromphthaleoie is obtained in like manner from the isomeric chloride melt- 
ing at 169°. It forms small white needles melting at 61*5° (Gleve, xxix. 414, 
450). 

Trichloronaphthalenes, — Six of these are now known: 

a^Trichlorona^hthalene^ obtained by boiling a-chloronaphthalene tetrachloride with 
alcoholic potash, melts at 131*5° ; it yields nitrotrichlorophthalic acid when heated 
with nitric acid at 200° (Widmann, Bull. Soc. Chim. xxviii. 511). 

^-TrioUorona^hthalenc is one of the products of the action of chlorine on nitro- 
naphthalene; it forms long pliable needles molting at 90° (Atterberg, Bcr. ix. 026). 

y-Tnchloronaphthahncis also formed by the action of chlorine on nitronaphtlialeno 
(Atterberg, ix. 316), and by distilling dichloronaphthalonc-a-sulphouic chloride 
with phosphoric pentachloride (Widmann, ibid. xii. 2230). It crystallises in brittle 
glistening needles melting at 1 03°. 

^•‘Triohloronafhthalene may be obtained by distillation of /3-dinibronaphthal(mo, 
nitro-y-dicMoronaphthalene, a-dinitrochloronaphthalene, iS-dinitrochloronaphthalene, 
and nitro-j8-dichloronaphthalene with phosphoric pentachloride (Atterberg, ibid. ix. 
1187, 1733). It forms very long, flat, pliable needles, molting at 131° ; heated with 
nitric acid, it yields a dichlorophthalic acid. 

e-TTicMoTona^hthalene^ prepared by acting upon nitro-Tj-dichloronaphthalene with 
phosphoric pentachloride, crystallises in colourless needles melting at 65° (Cleve, 
Bull. Soo. Chim. xxix. 499). 

^-Trichloronaphtkalme, prepared by distilling dichloronapbthalene-j8-sulpbonic 
chloride with phosphoric pentachloride, crystallises in lino white pliable needles 
melting at 76° ; it apparently yields nitrodichlorophthalic acid when boated with 
nitric acid (Widmann, Bet', xii. 962). 

Tetrachloronaphthalcnes^ C^®H‘*C1'*.-T-Pive modifications have been described: 

a-Tetrachloromphthalenef obtained by acting with alcoholic potash on the dichloro- 
tetrachloride formed on chlorinating naphthalene, melts at 130° (Faust a. Saame). 

^-TetrachloronaphthaleneisioxmQdi on chlorinating nitronaphthalene ; it crystallises 
in needles, very difficultly soluble in alcohol, melting at 194° (Atterberg, ibid. ix. 318). 

y-Tetrachloronaphthalcne, formed from the isomeric dichlorotetr a chloride from 
naphthalene, melts at 176° (Widmann, ihid. x. 1725). 

b-Tetrachloronaphtkalerie, from y-dichloronaphthalene tetrachloride, crystallises in 
fine white needles melting at 141° (Atterberg a. Widmann, Bcr. x. 1842). 

G-Tettachloronaphihalene, obtained by distilling dinitro-y-dichloronaphthalene 
with phosphoric pentachloride,* melts at 180° (Atterberg a. Widmann, he. cit.) 

B cut achlo TO naphthalenes^ C*®H®CP.-— In addition to that described by Graebe, 
a second modification is known, obtained by distilling nitro-S-tetrachloronaphthalene 
with phosphoric pentachloride; it melts at 177°, and on oxidation with nitric acid 
yields trichlorophthalic acid (Atterberg a. Widmann, loc. cit.) 

Octochloronaphthalene, C^®CP, according to Ruoff {ihid. ix. 1486), melts at 
203° and not at 135° as stated by Berthelot and Jungfleisch (vi. 847). When heated 
with antimonic pentachloride at 280°“300°, it is resolved into hexchlorobenzene, 
hexachloretbane, and tetrachloromethane. 

Iffaplitlialeiie and Chloronaplxtlialene Chlorides, Naphthalene dicUoride, 
is obtained, according to E. Fischer {Ber. xi. 735, 1411), together with two 
isomeric tetrachlorides and a monochloronaphthalene dichloride on chlorinating 
naphthalene according to Bepouilly’s process, by treatment with potassic chlorate and 
hydrochloric acid. It has the properties ascribed to it by Laurent. It begins slowly 
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tx) decompose at 40°-50° ; when heated with sodium or sodium amalgam in sealed 
tubes at 150°, it is reconverted into naphthalene. 

a-Naphthalene tetrachloride, According to Grimaux {Ber. 1872, v. 222 ; 

also Schwarzer, Ber. x. 379) a saturated solution of chlorine in chloroform at once 
converts naphthalene into this compound, a pure product being readily obtained. It 
melts at 182° (vi. 846) ; and yields almost the theoretical amount of phthalic acid 
on oxidation with nitric acid (E. Fischer). When decomposed by alcoholic potash, it 
appears to yield only a-dichloronaphthalene. If, however, it be heated in small 
quantities (about 1 gram) at a time, as rapidly as possible, to the boiling point, and 
vigorously boiled for a few minutes, it is almost entirely converted into /8-dichioro- 
naphthalene ; but if a larger quantity be heated and maintained in gentle ebullition 
as long as hydrochloric acid is evolved, a considerable amount of a-dichloronaphtha- 
lene is also produced (Krafft a. Becker, Ber. ix. 1088). If an alcoholic or ethereal 
solution of naphthalene tetrachloride be digested with zinc, naphthalene is reproduced 
(Zinin, ibid, 288). 

^•Naphth^ne tetrachloride, according to E. Fischer, melts at 116”-118° ; Atterberg 
doubts the formation of this modification (ibid, xi. 1223). 

Monochloronaphthalene dichloride, C^^H^CP, melts at 176° (E. Fischer). 

Monochloronaphthalene tetrachloride, — That obtained from a-ehloronaph- 

thalene melts at 131*5°. The isomeride from j3-chloronaphthalene is an oil (Widmann, 
ibid. X. 1724 j Bull. Soc. Ohim. xxviii. 505). 

Bichloronaphthalem tetrachloride, C^^H^Cl®. — a-Dichloronaphthalene yields two 
tetrachlorides, one of which melts at 172° ; the other is an oil. jS-Dichloronaphtha- 
lenetetrachloride, from ^-dichloronaphthalene, melts at the same temperature (172°) 
as, and in other respects closely resembles, crystalline o-dichloronaphthalenetetra- 
chloride. On submitting 7-dichloronaphthalene dissolved in chloroform to the action 
of chlorine, a tetrachloride is obtained which crystallises in prisms melting at 85° 
(Atterberg a. Widmann, ibid. x. 1842). 

Triohloronaphthalcne dichloride, C‘®H®CP, is known in two modifications : one 
obtained by acting on 7-dichloronapbthalene dissolved in chloroform with chlorine; 
the other by similarly treating a solution of a-chloronaphthalene in acetic acid. The 
former crystallises in large glistening prisms melting at 93° (Atterberg a. Widmann) ; 
the latter melts at 152° (Widmann). 

Bromonaplitlialenes, ^‘Bromonaphthalem, obtained by decomposing |8-diazo- 
naphthalene perbromide by boiling it with alcohol, crystallises in colourless plates 
melting at 68° ; it is easily soluble in alcohol, ether, benzene, and chloroform (Lieber- 
mann a. Palm, Liebig's Annalen, clxxxiii. 269). 

Bibroononaphthalenes, — The dibromonaphthalene melting at 81°, 

which is the chief product of the direct action of bromine on naphthalene (vi. 845), 
probably corresponds in constitution to j0-dichloronaphthalene (comp. p. 1378). The 
isomeric modification which is formed simultaneously, according to Jolin {Bull. Soc. 
C/ww. xxviii. 514), melts at 61° and not at 76° as stated by Glaser. By displacing 
the NH'-^-group in dibromonaphthylaniine (m. p. 118°) by hydrogen, Meldola has pre- 
pared a dibromonaphthalene which crystallises in white needles melting at 64° {Ber. 
xii. 1961). It is noteworthy that this modification differs totally in appearance from 
Tolin’s dibromonaphthalene, melting at 61°, which is probably analogous in constitu- 
tion to a-dichloronaphthalene. jS-Bibromonaphthalene may also be obtained by 
distilling a-bromonaphthalenesulphonic bromide or nitro-a-bromonapbthalene with 
phosphoric pentabromide (Jolin). By distilling nitro-j8-dibromonaphthalene with 
PBr®, a tribromonaphthalene (j8) is produced, which crystallises in long flexible 
needles melting at 85° (Jolin). 

y-Libromonaphthalenc is formed by the action of phosphoric pentabromide on a-di- 
nitronapbtbalene. It crystallises in brilliant scales melting at 129° (Jolin). 

b-Bibrormnaphthalene is formed by distilling naphthalene-a-disulpbonic acid with 
phosphoric pentabromide ; it crystallises in thin plates, melting at 140*5° (Jolin). 

The dibromonaphthalene melting at 126° obtained by Darmstadter and Wiehelhaus 
(vi. 845) was probably the 7-modification. 

Tribromonaphthalenes. — In addition to the a-modification (m. p. 75° Glaser) 
and that described above, a third modification (7) is known, produced by treating 
naphthalene-iS-sulphonic acid with bromine, and distilling the dibromosulphonic acid 
with PBr®. It crystallises in short brittle needles melting at 86*5° (Jolin). 

Hexbromonaphthalene, C^°H-Br®, is obtained by submitting naphthalene to the 
prolonged action of bromine in presence of iodine, finally at 350°. It closely resembles 
hexbromobenzene in appearance ; it is soluble, although not readily, in hot chloroform, 
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benzene, toluene, and aniline, but insoluble in aleobol and ether. It sublimes in felt- 
like masses of needless melting at 245° (Gessner, Ber, ix. 1510). 

WitrocWoronaphtlialeiies. a- MoTwnitroolilorom^hthalene, G'”H‘‘‘(lSrO“)Cl, 
prepared by acting upon a-cbloronaphthalene with cold nitric acid (sp. gr. 1-4), 
crystallises from alcohol in concentrically grouped, extremely fine, pale-yellow needles, 
melting at 85°; on prolonged digestion with tin and hydrochloric acid, it yields 
a-naphthylamine (Atterberg, Ber. ix. 927). 

a-Binitro-d-cUorompUlialene, 0*®H®0i(N'02)2 is obtained, together with the fore- 
going, oh nitration of a-chloronaphthalene with warm nitric acid of sp. gr. 1*4, and 
together with an isomeric modification when the fuming acid is employed. It crystal- 
lises in long yellow pliable needles, easily soluble in hot alcohol; it melts at 106° 
(Faust a. Saame ; Atterberg), 

l 5 -BinUro-a-chlorona^hthalcne,-~Tl)[ns appears to be formed in relatirely larger 
quantity the higher the temperature of nitration. It is difficultly soluble, even in 
boiling alcohol ; it crystallises from glacial acetic acid in short, paly^ellow, brittle 
needles, melting at 180° (Atterberg, loc. cit), ^ 

Miro-j-dichloronapUhaleiie, prepared by nitrating 7-dichloionaph- 

thalene with cold nitric acid (sp. gr. 1*4), forms short sulphur-yellow prisms, difficultly 
soluble in alcohol, melting at 142° (Atterberg, loc. cit.) 

Binitro-y^dichloronaphthalene^ C^“II^(1I0“)-CP, formed by treating the mononitro- 
derivative with a mixture of nitric and sulphuric acids, crystallises in pale-yellow 
brittle prismatic needles, very difficultly soluble even in glacial acetic acid. It melts 
at 246° (Atterberg, loc. cit.) 

Miro-d-teiracUoronaphthalene, C^"H^01‘(N0-), prepared by the action of con- 
centrated nitric acid on 6-tetrachloronaphrhalene, crystallises from a mixture of 
toluene and alcohol in large pale-yellow rhombic plates melting at 154° (Atterberg a. 
"Widmann, ihkl. x. 1831). 

affitrobromonaplitlialenes, Nitro-ct-hromonapUhalene, formed 

by nitration of a-bromonaphthalene, crystallises from alcohol in yellow needles melting 
at 85° (Jolin, Bull. 800 . Cliim. xxviii. 514). 

An isomeric hromonitTonaplithalcne is obtained by displacing the NH“-group m 
hromonitro-a-naphthylamine by hydrogen. It crystallises in pale yellow needles, 
melting at 131° (Liebermanii a. Hammcrschlag, Liebig's Annalcn, clxxxiii. 262). 

Nitro-^-dihmnonaphtlialene, produced by the action of cold nitric 

acid of sp. gr. 1*4 on i8-dibromonaphthalene, forms yellow needles melting at 116*5° 
(Jolin). 

xritrouapbthalenes. Bltrouaphthakoic. — According to Gnareschi (ibid. x. 294), 
a-nitronaphthalene (m. p. 58°--59°) is the only mononitro-derivative obtained 011 
ni<‘rating naphthalene under very various conditions. 

According to de Koninck and Marquardt (e'W. v. 11), mtronaphthaleno boils at 
304°. It is violently acted upon by phosphoric pentasulphide and pentachloride. If 
it be mixed with a slight excess of the latter in a retort, and the mixture be very 
gradually heated, phosphoric oxychloride passes over, the temperature rising gradually 
to about 120°, or to 150° if an excess of PCI'* be employed; the residue then consists 
of monochloronaphthalene and a small amount of unaltered nitronaphthalene. 

In a similar manner, nitronaphthalene yields a mixture of mono- and dibromo- 
naphthalene (probably 7-di) when heated with an equal volume of a concentrated 
solution of hydrobromic acid at 195° (Baumhauer, ibid. iv. 926). 

On oxidation with chromic acid, nitronaphthalene is converted into nitro-naphthalie 
acid (m. p. 212° ; Beilstein a. Kurbatow, Ber. xii. 608). 

Binitronaphthalenes. — In addition to the two modifications (a and B) formed 
simultaneously on nitration of naphthalene (vii, 834), which melt respectively at 216° 
and 170°, a third isomeride is known, obtained by displacing the NH*-group in 
dinitro-o-naphthylamine by hydrogen. It crystallises in almost colourless needles, 
melting at 144° (Liebermann a. Hammerschlag, Liebig’s Annalen, clxxxiii. 272). 

a-Pinitronaphthalene yields nitrophthalic and ordinary dinitrobenzoic acid, 
B-dinitronaphthalene dinitrophthalic and dinitrobenzoic acid, when oxidised with 
dilute nitric acid (Beilstein a. Kurbatow, Ber. xiii. 353). 

Trinitronaphthalenes. — Three modifications of this derivative are known. 
If a-dinitronaphthalene be submitted to the prolonged action of fuming nitric acid, it 
yields a-trinitromphthalene, melting at 122°, together with nitrophthalic acid (Aguiar, 
Ber. iv. 897). If, however, it is boiled for a few minutes with 10 pts. of a mixture 
of equal weights of fuming nitric and concentrated sulphuric acids, an isomeric 
•y-dimtfonaphthalene is obtained (Beilstein a. Kuhlberg, ibid. vi. 647), and the same 
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modification is produced in almost theoretical amount if 150 grams of fuming nitric 
acid are poured on 9 grams of the dinitronaphthalene and 150 grams of sulphuric acid 
are then added, the mixture being poured into water as soon as it becomes cool 
(Aguiar). y-Trinitronaphthalene crystallises from fuming nitric acid in glistening 
four-sided plates, and from alcohol in chloride of ammonium-like forms j it melts at 
147° (B. a. K.) ; 154° (A). ^-Dinitronaphthalene yields only yS-trinitronaphthalene, 
whatever the conditions of nitration. 

If a-dinitronaphthalene be boiled for several hours with double the quantity of 
the acid mixture used in converting it into trinitronaplithalene, fuming sulphuric acid 
also being employed in place of the ordinary acid, it is converted into a-tetranitro- 
naphthalene (Beilstein a. Kuhlberg). 

Xfitrosonaplitlialeney C^®H^(NO). To prepare this compound, a solution of 
mercury dinaphthyl in carbon bisulphide is mixed with a like solution of nitrosyl 
bromide-prepared by saturating a solution of bromine in carbon bisulphide at —20° 
with nitric oxide— in the proportions indicated by the equation : 4- NOBr = 

HgBr.C^^H^ 

After purification, it forms yellow aggregates, which very rapidly become red on 
exposure to.air ; it^ melts at 84°, and decomposes at about 134°. Nitrosonaphthalene 
at once^ combines with aniline, forming a red substance ; it dissolves in sulphuric acid, 
producing a cherry-red liquid ; and if it be dissolved in phenol and sulphuric acid be 
added, a blue colour is produced (A. Baeyer, Ber, vii. 1639). 

Azonapbtlialene, This compound is formed in 

small quantity on heating nitronaphthalene with zinc-dust (Doer, .Ser. iii. 291), and 
on oxidation of naphthylamine with lead oxide (Sehichuzky, tdid. vii. 1454). The 
methods hj which azobenzene is obtained from nitrobenzene are not applicable to its 
preparation (Klobukowski, ibid. x. 570 ; comp. 772 and 873). It is identical with 
Laurent’s nwphthasc (Alexejeff, ibid. hi. 868 ; Klobukowski). 

Azonaphthalene is very slightly soluble in alcohol, ether, benzene, chloroform, and 
acetic acid ; it crystallises from a hot solution in acetic acid mixed with a couple of 
drops of fuming nitric acid in yellow needles, melting at 275°. It dissolves in con- 
centrated sulphuric acid, forming a dark violet-blue liquid. It appears to combine 
with bromine, forming an unstable bromide. If heated with bromine at 260°, or only 
gently warmed with bromine in presence of iodine, it is converted into a pentahromo- 
derivative. 

W" a plithalenesulplioniciLcids. At present, two monosulphonic acids, 
two disulphonic acids, and a tetrasulphonic acid are known. The two first mentioned 
have already been described (vi. 860 ; vii. 835), but the following derivatives require 
notice here : 

Napht'kalQne~a.-sul]phoniG chloride. 0^®H'^.S0“C1, crystallises from ether in glistening 
plates melting at 66°, easily soluble in ether, carbon bisulphide, and benzene (Maikopar, 
Zeits. Chem. 1869, 710). By the action of chlorine on its solution in carbon bisulphide, 
the tetrachloride^ C^“B[’CD.SO“Cl, is produced. This compound does not appear to 
crystallise (Widraann, Ber. xii. 2228). 

Naphthalene- or-suljphonamide, C^°H'^.SO^(hfB[-), prepared by warming the chloride 
with a concentrated aqueous solution of ammonia, and purified by crystallisation from 
alcohol, melts at 150° ; it is soluble in water, and easily soluble in alcohol (Maikopar). 
When heated with the equivalent amount of benzoic chloride at 146°-150° as 
long as hydrochloric acid is evolved, it is converted into the benzoyl derivative, 
C^“H’.S02(NJB[.CO.O®H®), To purify the product, it is washed with alcohol, dissolved 
in potassic carbonate solution, precipitated by acid, and crystallised from boiling 
alcohol. It then crystallises from alcohol, in which it is somewhat difficultly soluble, 
in four-sided prisms, melting at 194°-1 95°. It possesses marked acid properties, decom- 
posing carbonates, and forming metallic derivatives such as C^®H^.SO“(NK.COC®H^), 
&c., and belongs to the class of so-called aciamides (vii. 21 ; Welkow, Zeits. Chem. 
1871, 422). If submitted to the action of phosphorus pentachloride, it is converted 
into the cMorinated compound C^®H^.SO'(NC^H*Cl), this body being doubtless formed 
in accordance with the following equations : 

C'«HIS02(NH.C0.C«B[^) -f- PCB = POOP 4- Ci°H^.SO=(NH.CCP.C«Hs) 
Ci«PP.SO2(NH.C0P.C«H®) == Ci‘>H’'.S02(N=irCCl.C«Hs) -f HOI. 

The new compound crystallises from ether in large four-sided plates, melting at 93°. 
It is reconverted into the aciamide by boiling water or alcohol ; and on treatment 
with amnionic carbonate forms the amido-derivative C^®H^.S02(Ni:rC.NH2.C‘^H'^) 
(Welkow, Ber. v. 142). 

Naphthalene-^^sulphonic chloride, C^®H^SO*Cl, crystallises in plates ; it is less 
soluble in ether than the a-chloride, and melts at 7 6° (Maikopar). Like the a-sulphonic 
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chloride, it is converted into a tetrachloride, C^^II'CltSO^Cl, by the action of chlorine. 
This latter crystallises from chloroform in hard colourless transparent cubes, melting 
at 131°, easily soluble in chloroform, carbon bisulphide, and boiling acetic acid 
CWidmann, JB&r. xii. 960). 

]!{aphthahne--^-sul^honamidG, C^®H’'.S02(NH^), crystallises from boiling alcohol in 
small thin plates, difficultly soluble in water and ether (Maikopar) ; it melts at 217® 
(corr. Cleve). 

Ethyl, phenyl, and naphthyl derivatives of naphthalene a- and jS-sulphonamide 
have been described by Oarleson (comp. Ber. x. 1725). 

Chloronaphthahnesulphonic bromide, G^^H^CLSO-Br. — This compound is produced 
on treatment of sodium iromonaphthalenesulphonate with POP. It crystallises 
from ether in white needles melting at 116® (G-essner, ibid. ix. 1504:). 

Bichloronaphthalene-a-sulphcmic chloride, C^^^H^Ci-.SO-Cl, is formed on decomposing 
the tetrachloride obtained from naphthalene-a-sulphonic chloride with alcoholic potash, 
and treating the resulting potassic salt, when sufficiently purified, Ti^h phosphoric 
pentachloride. It is easily soluble in benzene and boiling acetic a^, crystallising 
from the former in very large colourless well-formed glistening prisms, and from the 
latter in glistening scales or needles; it melts at 145®. When distilled with PGP, it 
is converted into 7-trichloronaphthalene (Widmann). 

Bichloronaphthalene^cL-sulphonic acid, C^®H°CP.SO^(OH), prepared by heating the 
foregoing chloride with water at 140°, crystallises in long colourless glistening flat 
needles, somewhat soluble in cold water. Its salts are difficultly soluble, and crystal- 
lise either in needles or plates ; several of them require heating nearly to 200® before 
they are completely deprived of their water of crystallisation. The 2^otassium salt, 
(jioJj5ci2.303K,2H-0, crystallises in groups of fine white pliable needles; it loses 
1 mol. of water under the desiccator, and the remaining molecule when heated at 
185°; 1 pt. of the salt dried at 1 00® dissolves in 115 pts. of water at le5®. The 
sodium salt, C^'’H®Cl-.SO^Na,30H% forms long glistening fiat prisms ; it loses 1 mol. 
of water under the desiccator. The calcium salt, (0^“H^CP.S0 -'’)''^Ch., 4H‘0, is very 
difficultly soluble in water, and crystallises from a hot concentrated solution in white 
glistening quadratic or rectangular plates. The zinc salt, (C^'^H^CP.S0’*)2Zn,7H-0, 
forms glistening plates difficultly soluble in cold, but more easily in hot water. The 
amide, C'°H®CP.SO-(NH2), crystallises from alcohol in flat feathery groups, melting 
above 250® (Widmann). 

Bichloronaylithalene’^-sulphonic chloride, C^'’H^CP.S02C1, prepared in a similar 
manner to the above from the jS-sulphonic tetrachloride, crystallises from benzene in 
thin white needles, grouped in ball-like forms; it melts at 133®. When distilled 
with PGP, it yields f-trichloronaphthalene (Widmann). 

Biohloronaphtkalene-^-sulphonic acid, G’®'H®CP.SO''^(OH), obtained by decomposing 
the above chloride with water at 130°, is very soluble in hot, but only moderately in 
cold water. When a moderately concentrated warm solution is cooled, it solidifies to 
a jelly-like mass. Its salts also exhibit a great tendency to crystallise in a similar 
manner in gelatinous masses of extremely fine needles, and are thus sharply distinguished 
from those of the a-acid. They contain Amrying amounts of water, according to the 
conditions under which they are formed, and are all more or less difficultly soluble in 
water. The amide, C'°H°Cl“.SO“(NR-), crystallises from boiling alcohol in nodular 
aggregates of extremely fine glistening needles ; it melts at about 245°, but, like the 
o-amide, becomes blackened (Widmann). 

a~Ni tro naphthalene-a-sulphonic acid, G^‘’H®(]Si' 0-).SO®H. — This acid may be 
formed by nitration of naphthalene-a-sulphonic acid, and by the action of sulphuric 
acid on a-nitronaphthalene, but is best prepared by the latter method. It crystallises 
with 4 raols. of water in long straw-yellow prisms, easily soluble in pure water, but 
difficultly soluble in presence of sulphuric acid ; hence it maybe purified by precipita- 
tion with sulphuric acid. Its salts crystallise well, the potassium salt with half a 
mol. of water in large plates, the ammonitm salt with T5 mol. of water in needles, 
and the salt in anhydrous monoclinic prisms. The ethyl salt melts at 101®, 
the chloride at 113° (Cleve, Bult Soc, Chim, xxiv. 506). 

By the action of sodium amalgam on its aqueous solution, a-nitronaphthalene-a- 
sulphonic acid is converted into sulphuric acid and amidonaphthalene (Claus a. Graeff, 
ihid. X. 1303). 

The corresponding amido-Q.dd, C^”H®(KH2).S03H, is a crystalline powder; on 
treatment with nitrous acid, it yields the (fea^^o-compound SO®), which crys- 

tallises in yellow needles, and when heated with water, is converted into a dihydroxv- 
naphthalene, 0»'>li®(OH)2 (Cleve). 

Eitromphthalene-^-sulphonic acid. — Raphthalene-i8-sulphonicacid yields, on nitra- 
tion, several isomeric mononitro-deriyatives, which may be partially separated by 
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means of tlie barium salts. The acid of the least soluble salt crystallises in yellow 
needles easily soluble in water. Its salts axe mostly difficultly soluble. The potas- 
sium and ammonkm salts are anhydrous ; the barium salt contains 1 mol. of water, 
and is difficultly soluble, even in boiling water. The ethyl salt melts at 114°, the 
chloride at 125*5°. 

The corresponding amfcZo-acid crystallises in anhydrous rhombic plates or in prisms 
with 2 mol. of water (Cleve, Bull. Soc, Chim. [2], xxvi. 444). 

The barium salt remaining after that of the above nitro-acid (Cleve/s iS-acid) has 
been separated, appears still to contain two, if not three, nitro-acids- By converting 
it into the chloride, extracting with hot carbon bisulphide, and crystallising the 
undissolved portion from carbon bisulphide, the chloride of one of these— the so-called 
5-acid of Oleve — may be separated in the pure state. It crystallises in large well- 
defined prisms, melting at 169°, only sparingly soluble in carbon bisulphide and acetic 
acid. The acid formed by heating the chloride with water at 130° is easily soluble, 
and forms easily soluble salts. The bariwn salt, [C^®ja®(N02).S03]2Ba,H^0, forms 
pale yellow ^edles. The amide, G^®H®(NO-).SO^NH“), crystallises in yellow prisms 
melting at 21d°. 

The corresponding amido-^^ddi crystallises from water in silvery scales (Cleve, 
ibid, xxix. 414). 

AmidonaphthalenesulphoTiio acid, Naphthionic acid, C^‘'H®(NH2).SO^H. — 
The acid which Piria obtained, by acting on amidonaphthalene with ammonium sul- 
phite (iv. 17), is identical with that prepared by Schaal a. Schmidt from amidonaph- 
tlialene and sulphuric acid (Cleve, ibid, xxvi. 241), On displacing the NH^-gronp by Cl 
and distilling the resulting chloro-acid with PCl^ iS-dichloronaplithalene is produced. 

Naphthalenedistilphonio Acids, — According to Ebert a. IVIerz (Ber. ix. 
592), two isomeric oiaphthalmedisulphonic acids, C'‘>H®(SO^H)', are simultaneously 
produced on heating naphthalene with an excess of sulphuric acid. About equal 
amounts of the a- and j8-acid are formed when a mixture of 1 pt. naphthalene and 
5 pts. concentrated acid is heated for four hours at 160°, the product being free 
from monosulpho-acid ; but if the same mixture be heated for about twenty-four 
hours at 180°, the product consists almost entirely of the ;8-acid, and the pure a-acid 
may be converted into the /3-acid by prolonged heating with sulphuric acid at 180°. 

To separate the two isomerides, the hot aqueous solution is neutralised first with 
calcium hydrate and finally with calcium carbonate, then filtered, and the filtrate 
evaporated down. As the liquid becomes concentrated, crystalline crusts of the i8-salt 
separate out, and must be removed from time to time ; ultimately the concentrated 
solution is strained boiling hot, and then evaporated to complete dryness. If the 
residue thus obtained be added to boiling water, the whole of the a-salt at once dis- 
solves, while but very little of the /3-salt goes into solution ; the liquid is rapidly 
filtered, and the filtrate left to cool in covered vessels, when almost pure a-salt is 
deposited. This is collected, freed from the mother-liquor by pressure, and recrystal- 
lised. A considerable amount of jS-salt remains with the calcium sulphate ; this is 
extracted by prolonged boiling with a large quantity of water, and the solution 
evaporated. The residue, together with the crude /S-salfc previously obtained, is 
ground up with water, and then carefully washed to remove the adhering a-salt. The 
calcium salts thus obtained may be converted into sodium or potassium salts in the 
usual manner. 

By heating the dry potassium salts with phosphoric pentachloride at 140°, the 
corresponding sulphochlorides are obtained in almost theoretical proportions. After 
distilling off the phosphoric oxychloride, the residue is treated with water, and then 
once or twice crystallised from boiling benzene. 

a-Naphtkalenedisulphomc chloiide, C*”H®(SO-Cl)^ crystallises from hot benzene in 
magnificent colourless, transparent four or six-sided plates, which may be obtained of 
a large size, resembling epidote crystals, by allowing the solution to evaporate spon- 
taneously. Erom ether it not unfrequently crystallises in sharp needles ; it is seldom 
obtained in well-fonned crystals from an acetic acid solution. The crystals deposited 
from ether or acetic acid remain perfectly colourless and transparent, but those 
deposited from benzene generally become opaque, this change taking place either 
immediately or after some time ; the change is in no way due to efflorescence. It 
dissolves in 7*5 pts. of benzene at 14°. It melts at 157°-158°. 

^-Naphthalenedisulphonic chloride, crystallises from hot saturated solutions in 
bundles or tufts of small white needles, at most from 3-5 mm. in length. Erom 
toluene, on slow Evaporation, it is deposited in large thin plates which often exhibit 
peculiar grotesque outlines. It dissolves in 220*7 pts. of benzene at 14°, but 
is much more soluble in presence of the op-chloride. It is also very slightly soluble in 
acetic acid, which very easily dissolves the a-chloride. It melts at 226°. Both 
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chlorides are decomposed and carbonised with evolution of sulphur dioxide when 
heated above their melting-points. When triturated with ammonium carbonate and 
then warmed with concentrated ammonia solution, or directly treated with the 
latter, they are converted into the corresponding sulphonamides. The naphthalene- 
disulphonic chlorides are not acted upon by sodium amalgam even at 150° (Gessner, 
ibid. ix. 1503). 

a'-Na’^hthalen^distdphonamide, is moderately soluble in hot 

ammoniacal water or alcohol, whereas the jS-amide is very slightly soluble in the 
first liquid, and almost insoluble in alcohol, ether, benzene, and toluene. The a-amide 
crystallises in delicate glistening needles, the ^-amide in small needles. The former 
melts at 242°-243° ; the latter remains unfused at 305°. 

By heating with water in sealed tubes at 150°, the naphthalencdisulphonic chlorides 
are completely converted, within three to four hours, into the corresponding acids ; 
but if the temperature be raised to 200°, they are resolved into naphthalene and 
sulphuric acid. If the a-sulpbonic chloride he heated with only its ovm volume of 
water, the a-sulphonic acid crystallises out on cooling in long brilliant ^ite needles. 
The j8-ehloride cannot be entirely decomposed by so small a quantity of w'ater at 
150°-160°, and the dilute solution obtained when the necessary amount is taken does 
not crystallise ; but on concentrating the solution in a vacuum, it separates in small 
glistening white plates. Both acids are sparingly soluble in cold hydrochloric acid 
solution, but extremely soluble in water. 

Acid salts cannot apparently be obtained from either acid. The salts of both me 
extremely .stable; those of the a-acid contain more w'ater than the corresponding 
;8-salts ; the water of crystallisation is, in most cases, completely expelled only above 
200°. The a-salts crystallise more readily and are more soluble than the /3~salts; 
characteristic of many of the latter is the slowness with which they dissolve. 

a-Salts . — The potassium salt, crystallises from a hot saturated 

solution in colourless transparent needles, soluble in T4 pts. water at 14°. The 
sodium salt, C*®H"(S0*Na)^,6H-O, forms large glistening needles, soluble in 2*2 pts. 
water at 18° ; one-half the water of crystallisation is removed by exposure over 
sulphuric acid. The calomm salt, C^®I[®.(SO^)“Oa, crystallises with varying amounts 
of water, separating from a rapidly cooled hot saturated solution with 3 mols., and 
from a slowly cooled solution with 6 mols. ; the latter dissolves in 6*2 pts. w^ator at 
18°. It separates from aqueous alcohol in colourless glistening needles. The 
salt, C^®H“,(SO*)^Ba,2H'0, forms long broad needles, soluble in 82'2 pts. w^ater at 19°. 
The lead salt, C^®H®.(SO^)“Pb,2H-Oj is the most beautiful of all the a-salts, crystal- 
lising in long glistening needles, easily soluble in water. 

^-Salts . — The potassium salt, crystallises in bushy groups of white 

needles, soluble in 19*2 pts. water at 18°. The sodium salt, C^W(SO®Na)2,H*’0, 
separates in aggregates of w^ell-formed microscopic prisms, soluble in 8*4 pts. water at 
19°. The calcium salt, C‘®H®.(SO^)’'Ca, contains, when air-dry, from 1 to T5 percent, 
of water. It crystallises with difficulty, and although soluble to the extent of 1 pt. 
in 16*2 pts. water at 18°, it is dissolved with great difficulty by water when it has 
been once dried. It is no more soluble in hot than in cold water, consequently a 
saturated solution filtered boiling hot does not deposit crystals on cooling, even after 
long standing. The barium salt, 0'®H®.S0^)-Ba,H20, closely resembles the calcium 
salt, but is more soluble in hot than in cold water. The lead salt, 
like the calcium and barium salts, crystallises badly, and -when once sepai*ated dis- 
solves with difficulty in water. 

On fusion with potassium hydrate, potassium a-uaphthalenedisulphonate exchanges 
both sulpho-groups for hydroxyl, forming a dihydroxy naphthalene, but 

the j8-salt exchanges only one ; the naphtholsulphonatc thus produced is said to be 
identical with that prepared from i3-naplithol and sulphuric acid. 

NaphthalenetetrasiLlfhoiiic Acid, — According to Senhofer 

(Per. viii. 1486), this acid is formed on heating a solution of naphthalene in sulphuric 
acid with phosphoric anhydride in sealed tubes at 260° for three to four hours. Its 
barium salt, [C^°H''‘(S03)‘]Ba-, separates partly in ill-defined crystalline masses, and 
partly in long, solid, pointed prisms. 

xraplitlialenesulphones. The formation of a compound of the formula 
first observed by Berzelius in 1837 (v. 522), by the action of sulphuric 
acid on naphthalene, has been confirmed by Stenhouse a. Groves (Per. ix. 682), and 
also by Oleve {^bid, x. 1723 ; Bu>ll. Soc, Ghim., xxv. 256). A mixture of 8 pts. pure 
naphthalene and 3 pts. sulphuric acid is heated to 180° in a retort. After two to 
three hours, water is given offi, and in order to maintain the temperature constant, it 
is necessary to apply more heat ; at this stage a reaction appears to take place, lasting 
one or two hours, and a considerable amount of water passes over. When, after 
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about another hour, water is no longer given off, the source of heat is removed, and 
the product allowed to cool down to 100°; 4 pts. of boiling water are then added, 
and the whole poured out into a dish. When cool, the product consists of a brownish- 
yellow cake of the naphthalenesulphones, mixed with excess of naphthalene, and of a 
pasty crystalline mass of almost pure naphthalene-j3-sulphonic acid. The naphthalene 
is removed by steam-distillation, and the pulverised residue is then extracted with 
boiling carbon bisulphide and the undissolved portion washed with this solvent until 
the liquid runs through colourless. The solution deposits a considerable quantity of 
hard prismatic crystals of the a-sttlphone on cooling, mixed, however, with nodular 
aggregates of needles, from which they may be separated either mechanically or by 
repeated crystallisation from alcohol and carbon bisulphide. The a-sulphone is easily 
purified by alternate crystallisation from these solvents, and when pure melts at 123°, 
The residue from the treatment of the crude product with carbon bisulphide consists 
almost entirely of the ^-sulphone, which may be purified by recrystallisation from 
boiling alcohol, in which, however, it is only sparingly souble ; it crystallises in silky 
needles, mel%g at 177° (Stenhouse a. Groves). 

According to Cleve,^ the i3-sulphone yields a mixture of j8-chloronaphthalene and of 
naphthalene-^-sulphonic chloride when distilled with phosphoric pentacliloride. 

Mixed Siiljphones, — ^When a mixture of benzenesulphonic chloride, C®H^.S0^C1, 
and naphthalene, in equal molecular proportions, is heated with zinc dust, a mixed 
sulphone of the formula melting at 121°, is produced (Crustsehoff, 

iB&)\ vii. 1167). 

According to Michael a. Adair (ibid, x. 585), the same compound is formed, 
together with an isomeride (a-phenylnaphfchylsulphone), on heating a mixture of 
benzenesulphonic acid and naphthalene with phosphoric anhydride for eight to nine 
hours at 170°-190°, and is produced alone on heating a mixture of benzene and 
naphthalene-i8-sulphonic chloride with phosphoric anhydride at 180°-200°. 

oi-Naphthyli^henylsul^hmie separates from alcohol in groups of rhomhohedral 
crystals, melting at 100°, easily soluble in hot alcohol, ether, benzene, or acetic acid. 

^’‘NajphtJiylj^henyhulflione crystallises from alcohol or ether in fan-like groups of 
long needles, melting at 115°“116°. The crystals are very bulky and glisten, whereas 
those of the cx-compound are lustreless. 

Dimethylamido-derivatives of these two sulphones are obtained on heating di- 
methyhiniline with naphthalene a- and )3-sulphonic chlorides (Michler and Salath4, 
Ber, xii. 1789). 

XTaplitlialexiesulpliiiiic Acids, The formation of an acid 

of this formula from naphthalenesulphonic chloride was first indicated by Otto and 
Mories (vi. 860). The naphthalenesulphinic acids have more recently been studied by 
Gessner (Ber. ix. 1500). 

Najphthalene-a^sulphinic acid is prepared by digesting a solution of naph- 
thalene-a-sulphonic chloride in anhydrous ether with sodium amalgam in a flask 
attached to a reversed condenser. The amalgam is added gradually, finally in excess, 
and the heating continued until a portion of the solution leaves no residue on 
evaporation. The ether is then distilled off, the residue dissolved in water, the 
solution treated with an excess of hydrochloric acid, evaporated to a considerable 
extent, and then set aside to crystallise. The greater part of the acid separates in 
crystalline crusts. It is purified by repeated conversion into the barium salt and 
decomposition by sulphuric acid; finally, its solutionis boiled with lead carbonate, 
the resulting lead salt is decomposed with sulphuretted hydrogen, and the liquid is 
then evaporated to the crystallising point. 

It forms white glistening scales, which melt only at a high temperature, much 
more soluble in pure water than in water containing hydrochloric acid, moderately 
soluble in alcohol and sparingly soluble in ether. It is decomposed by dilute hydro- 
chloric acid at 180° into naphthalene and sulphurous acid. 

The naphthalene-a-sulphinates crystallise in glistening silky scales or needles, 
and are, for the most part, easily soluble in water and alcohol. The potas- 
sium salt, (C^‘’H^.SO^K)'^.H^O, forms white glistening scales. The hariu77i salt, 
(C^®H^.SO-)^Ba,I*5H^O, crystallises in fine needles, and requires 201 pts. of water 
at 14° and 50 pts. of boiling water to dissolve it. The lead salt, (C^°H’'.SO^)*Pb,H“0, 
separates from a concentrated solution in long branched glistening needles. The 
silver salt is anhydrous, crystallising in glistening easily soluble plates which bear 
heating at 200° and above. 

Naphthalene-^-sulphinia Acid, — Kaphthalene-jS-sulphonic chloride is more 
readily acted upon by sodium amalgam than the ct-sulphonic chloride. If the product 
— a mixture of sodium chloride and sodium naphthaleue-a-sulphinate— be extracted 
with alcohol, the latter is dissolved, and may readily be isolated. If the aqueous 
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solution of tlie sodium salt be treated with hydrochloric acid in excess, the sulphuric 
acid is precipitated as a white almost lustreless microcrystalline powder. It melts at 
105°. It is by no means difficultly soluble in alcohol, ether, and pure water, but 
almost insoluble in dilute hydrochloric acid. It is more readily decomposed by 
hydrochloric acid (at 150°) than the a-acid. The barium salt is anhydrous, and 
forms white glistening needles, soluble in 1 6 pts. of boiling water. The calcmm salt, 
(C^‘’H’'.S0-)^Ca,3H“0, is a white lustreless crystalline powder, easily soluble in water 
and alcohol. The ^nagnesium salt, (G‘®HbS0-)Mg,6H'^0, forms glistening scales more 
soluble in alcohol than in water. 

Cliloro7iaphthaleMsulphmic acid, C^^H^CLSO^JS, prepared by treating an ethereal 
solution of chloronaphthalenesulphonic bromide with sodium amalgam, &c., crystal- 
lises from alcohol in fine needles. On the addition of barium chloride to its aqueous 
solution, barium chloronaphthalenesulphinate, (C'"II“01.S0''^)'^Ba,T5H''^O, is gradually 
precipitated; by crystallisation from boiling water, it is obtained in glistening scales. 

Naphthalene-a-sulphinic acid apparently yields a bromo-derivative on treatment 
with bromine. ^ On adding bromine to a solution of barium naphthalen|^-sulphinate, 
a white precipitate of barium bromonaphthalene-iS-sulphinate is at once produced 
(Gessner). 

XTaplithalenephosplionic Acids. When mercury dinaphthyl, Hg(C^®H^)2 
is heated with phosphorous chloride, PGP, in sealed tubes for several hours at 
180°-200°, two chlorides, C^«HbPGP and (G^«H0“POl, are formed. On treat- 
ment with water, the former is converted into so-called ^lajphthyl^hosphorous 
acid, G^®H^.POH(OH), while the latter yields so-called dinaylithyl'phosphmic acid, 
oxygen being absorbed. When the chloride C*®HbPCP is sub- 
mitted to the action of chlorine, it is converted into the tetrachloride C^^HbPCP, 
and this yields so called naphthylphospJiinic acid, C^°HbPO(OH)-, on treatment with 
water (Kolbe, Ber. ix. 1051 ; xi. 1499). It would be more in accordance with the 
system adopted in the case of the sulphur acids if the derivatives of phosphoric acid 
were termed phosphonic acids, and the derivatives of phosphorous acid phosphinic acids, 
thus preserving the idea of the relationship of the former to the phosphonium typo 
and of the latter to the phosphine type. 

Naphihylphosphonio acid, G^®H^.PO(OH)-, crystallises in long needles, easily soluble 
in hot, but with difficulty in cold, water. It melts at 190°, and when heated above 
this temperature is converted into a glassy mass, which, on exposure to moist air, 
gradually regains the crystalline structure. When strongly heated, it decomposes, 
with separation of carbon, into metaphosphoric acid and naphthalene. The silver 
salt, C^“HbPO(OAg)2, falls as a white precipitate on the addition of silver nitrate to a 
solution of the ammonium salt. 

Bmaphthylphos’phonic acid, (G’®H'')“PO(OH), crystallises in needles melting at 
203° ; it is insoluble in water, but easily soluble in alcohol. It decomposes carbonates. 

NapUhylphosphinic acid, C^®HbPOH(OH), crystallises in aggregates of small 
white needles, difficultly soluble in cold but more soluble in hot water, almost insoluble 
in hydrochloric acid. When dry, it melts at 125°, but when boiled with water, it 
melts before dissolving. 

Naphthylarsonic acid, C’°HbAsO(OH)2. Naphthylarsinic acid (Kelbe).— This acid 
is prepared in the same way as the corresponding phosphonic acid, using arsenious 
chloride, AsCP, instead of phosphorous chloride. The former acts much more readily 
on mercury dinaphthyl than the latter, however. The acid crystallises from water in 
colourless needles, melting at 197° (Kelbe, Ber, xi. 1503). 

Cyanonaphtlialenes. ^ a-Cyanmaplithalmie is formed in by no means incon- 
siderable quantity when a mixture of cyanogen gas and naphthalene vapour is passed 
through a tube heated to dull redness. It is also formed on passing naphthalene 
vapour over a mixture of potassium ferrocyanide and quartz sand heated somewhat 
above dull redness (Schelnberger ; Merz a. Weith, Ber, x. 746), Another method 
of producing it consists in heating sulphoearbonaphthalide with copper powder 
(Weith, ibid. vi. 967). 

If a solution of 2 pts. /S-cyanonaphthalene in 1 pt. of alcohol be saturated with 
hydrochloric acid gas, it begins, after a few hours, to deposit crystals, and after 
twenty-four hours is converted into a solid crystalline cake of the hydrochloride of 
so-called ^-naphthimidoethylate, G^®HbG(NH2Cl).OC2H« (Lohmann a. Pinner, Ber. xi. 
1485). This compound decomposes when heated into ethyl chloride and )8-naphthoic 
amide, C^^HbGONH^. If it be agitated with an excess of ammonia solution, the free 
base, C^®HbC(NH).OC21I®, separates as an oil, which crystallises only after months, 
iiisoluble in water but easily soluble in alcohol, benzene, and ether. If the hydro- 
chloride is digested with an alcoholic solution of ammonia at 50°-60°, it is converted 
into the hydrochloride of the imidoamide G*°H^N(NH)(NH®Ci) ; this crystallises in 
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star-like groups of needles, easily soluble in water and alcohol, melting at 224°-226°. 
The corresponding base, C^“H^C(NH)(NH2), separates as an oil on treatment of the 
hydrochloride with sodium hydrate solution ; on exposure in vacuo, it solidifies to a 
white granular mass. 

By employing isobutyl alcohol in place of ethyl alcohol, the corresponding isohiityl 
compound, 0^“H\C(NH"C1).0C‘‘H®, is obtained. The free base crystallises from ether 
in long needles melting at 38^ ; on digestion with acetic anhydride, it is converted 
into the acetyl-derivative, C^‘’H^.C(NH).00-H®0, which crystallises from boiling 
alcohol in glistening white needles melting at 150®~152°. 

Bromo^a-cyanonaphtkalene, 0^®iJ®Br.CN, prepared by the action of bromine on a 
solution of a-cyanonaphthalene in carbon bisulphide, sublimes in fine white needles 
melting at 147°. It is easily soluble in chloroform, benzene, boiling alcohol, ether, 
and glacial acetic acid (Hausmann, ibid. ix. 1516). 

Bromo-^-cyanomfM'halene sublimes in broad white needles melting at 148^-149°. 
It is easily soluble in benzene and chloroform (Hausmann). 

Bicyanon^hthalenes. By distilling the pure potassium or sodium salts 
of the isomeric a* and iS-naphthalenedisulphonic acids with potassium cyanide, 
Ebert a. Merz {Ber, ix. 604) have obtained the corresponding dicyanonaphthalenes, 
C^‘’H®(CN)2 in a state of purity. Externally they very closely resemble each other, 
subliming easily and almost entirely in long white glistening needles, and crystallising 
in a similar manner from solvents, especially acetic acid. The a-dieyanide, however, 
melts at 267°-268°, the /S-dicyanide at 296°-297°. The i8-compound is almost 
insoluble in boiling ether, alcohol, and benzene ; the a-compound is in a not incon- 
siderable degree soluble in boiling alcohol. By heating under pressure with hydro- 
chloric acid at 200°--213°, or by boiling with a solution of potassium hydrate in 
amylic alcohol, both are completely converted into corresponding diearboxylic acids, 
but the i3-compound is much the more slowly acted upon. 

It is doubtful whether the dicyanonaphthalenes prepared by DarmstMter and 
Wichelhaus from the hromonaphthalenesulphonic acids were obtained in a state of 
purity. 

XTaptitbalenecarboxylic Acids. Jd’aphtJioic Acids, 

In preparing the naphthoic acids according to Merz’s method, potassium ferrocyanide 
may with advantage be employed in place of potassium cyanide in converting the 
sulpho-salts into cyanides (Witt, Ber. vi. 488 ,* Hausmann, ibid. ix. 1514). 

A number of metallic salts of yS-naphthoic acid have been described by Vieth 
(ibid. viii. 1278; comp. viii. 1505; ix. 1513; Liebig's Atinalefi, elxxx. 314). Both 
a- and yS-naphthoic acid yield phthalic acid when boiled with a solution of chromic 
anhydride in glacial acetic acid (Vieth). 

Metkyl-^-mphthoate, C'^H^COOCH®, produced by heating yQ-naphthoic chloride 
with methyl alcohol, forms glistening crystalline scales melting at 77°, and boiling at 
about 290°. The corresponding ethyl salt, O’^H'.COOO^H^ is a very easily fusible 
substance ; it boils at 308°-309° (Vieth). 

^•Naphthoio chloride, CJ^‘’H’',C001, prepared by treating /8-naphthoic acid with 
phosphoric pentachloride, is a crystalline substance melting at 43° ; it boils at 305° 
(Grrucarevic a. Merz, Ber. vi. 1242 ; Vieth, loc. cit.) 

^‘■Naphthoie amide, C'®H^CO(NH2), produced by warming the chloride with 
pulverised ammonium carbonate, crystallises in colourless plates, melting at 192° ; it 
is difficultly soluble in cold, more soluble in hot alcohol, ether, chloroform and 
benzene. 

^-Naphthoic phenylamide, G^"H^CO.NH(C®H®), prepared by adding the chloride 
in equivalent quantity to a solution of aniline in benzene, or by heating a mixture of 
iS-naphthoic acid with an excess of aniline for several hours at 120°, forms glistening 
plates, easily soluble in alcohol and warm benzene and chloroform; it melts at 170°. 
%-Naphthoie4olylamide, C^^’H^OONHO^H^ obtained in a similar manner, forms silky 
glistening needles, easily soluble in alcohol and chloroform; it melts at 191°. 
%Naphthoio naphthylamide, C^°H^.CONHC*®H^ crystallises in very small needles, 
difficultly soluble in ether, but moderately soluble in alcohol, chloroform, and benzene ; 
it melts at 157°. ^-Naphthoylurea, G^^H^.CO.N^H^CO, produced by warming the 
chloride with urea, crystallises from hot alcohol in microscopic needles, melting at 
215° (Vieth). 

a^-Naphthoic anhydride, (C‘°H’.GO)20, is produced by heating a mixture of a- 
naphthoic chloride and dry potassium y8-naphthoate at 150°-1 60°, until the odour of 
the chloride has disappeared. It crystallises in fine needles melting at 126° (Haus- 
mann, Ber. ix. 1515). 

^'^-Naphthoic anhydride, (Ci®H^CO)20, prepared in a similar manner from ^-naph- 
thoic chlfuride and potassium yS-naphthoate, crystallises from ether in needles united 
in the form of glistening plates ; it melts at 134° (Hausmann). 
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Havhtlmlhenzoic acid, C‘®ff.CO.C®H4.COOH. See Ador and Crafts {Bet. xii. 
2086).^ 

BromonafhthoiG acids . — Bro7no^(i~na;phthoiG acid, C^^H'^Br.COOH, may be 
produced either from the corresponding cyanide (p. 1359), or by the action of bromine 
on silver a-naphthoate, by heating a-naphthoic acid with bromine and water at 1 50°- 
160°, or by the action of bromine in presence of iodine on a warm acetic acid solution 
of a-naphthoic acid, being best prepared by the last-mentioned process. It sublimes 
in small white needles melting at 242° ; it is almost insoluble in boiling water, 
sparingly soluble in cold ether, alcohol, and acetic acid, easily soluble in benzene ; 
from hot alcohol or acetic acid, it crystallises in granules. 

In the formation of this acid from bromo-a-cyanonaphthalene, hromo-a-na^phthok 
amide, C^®H«Br.C0NH2,-is obtained as an intermediate product; it crystallises from 
hot alcohol in broad white needles melting at 241°. 

Bfomo-^-naiphthoio acid is prepared in the same manner as the a-acid ; the corre- 
sponding amide is also obtained as an intermediate product in its formation from 
bromo-j8-cyanonaphthalene. The acid crystallises from alcohol or acetic acid in white 
granules, and sublimes in fine needles melting at 256°. It is less i^luble than the 
a-acid. 

The salts of the two acids differ considerably in solubility, the a-barium salt 
requiring 59 pts. and the /B-salt 4300 pts. of water at 21°, while the a-calcium salt 
dissolves in 66*5, the i3-salt in 5000 pts. of water at 20°. Both a- and )6-naphthoie 
acid yield tetrabromo-derivatives when heated with 4-5 mols. of bromine containing 
some iodine, finally at a temperature of about 350° ; a portion of the acid, however, is 
decomposed into bromonaphthalene and carbon dioxide. By heating the ^-acid with 
slightly more than 3 mols. of bromine containing iodine, a tribromo-derivativo is pro- 
duced. Tetra'bromO’-Q.-mfhthoic acid, 0*®IL=‘Br‘,COOII, separates from its solution in 
boiling alcohol or acetic acid in small granular crystals melting at 239°. The /3-acid 
forms similar crystals melting at 260°. Both sublime with partial decomposition in 
needles. Trihromo-^-naphthoic acid, C‘®H‘Br^COOH, melts at 270° ; it also sublimes 
with partial decomposition in needles (Hausmann). 

Nitronaphthoio Acids . — The mononitronaphthoic acids have recently been 
further examined by Ekstrand (5er. xii. 1393), According to this chemist; both a- 
and j3-naphthoic acid yield two isomeric mononitro-derivatives if an excess of fuming 
nitric acid is added to a hot concentrated glacial acetic acid solution of either of the 
two, and the liquid is heated for some hours on the water bath. As the solution cools, 
the greater part of the less soluble modification then separates out, the more soluble 
modification remaining for the most part in the mother-liquor, from which it may be 
precipitated by the addition of water ; it is most difficult, however, to separate the 
two modifications completely, and it is doubtful whether they have yet been obtained 
pure. 

The less soluble mtrO'-a-naphthoic acid, after repeated recrystallisation from alcohol, 
forms bundles of fine pliable yellowish needles, melting at 233°, easily soluble, 
especially in warm alcohol, ether, acetic acid, and benzene, a hot concentrated alcoholic 
solution becoming almost solid on cooling. The ethyl salt of this acid crystallises in 
almost colourless long hair-fine needles melting at 92°. The calcium salt crystallises 
in hard prisms, soluble in 160 pts. of cold water. 

The more soluble mtro-or-naphthoic add crystallises in hard colourless prisms 
melting at 196°. Its ethyl salt forms thick hard crystals melting at 63°. The 
caldum salt forms needles or prisms soluble in 47 pts. of cold water. 

To obtain the less soluble nitro-^-naphthoic acid, the mixture of the two acids, 
which could not be further separated by recrystallisation from alcohol, was digested 
with ether and the residue converted into calcium salt, the latter recrystallised, and 
then decomposed by hydrochloric acid. In this way a small quantity of an acid was 
obtained, difficultly soluble even in warm alcohol and acetic acid, from which it crystal- 
lised in small concentrically grouped needles, melting at about 280°. The ethyl salt of 
this modification crystallises in long glistening needles, often grouped in stars, melting 
at 107°. The caldum salt forms small plates, soluble in 930 pts. of cold water. The 
more soluble nitro-^iaphthoic acid crystallises in small needles melting at about 220°, 
easily soluble in warm alcohol. Its ethyl salt crystallises from alcohol in small needles 
melting at 82°. The caldum salt forms small needles, soluble in 388 pts. of cold 
water, 

Bulpho naphthoic acids, C^®H®(SO®H)(COOH), (Stumpf, Liebig’s Annalen, 
clxxxviii. 1). — a-Haphthoic acid yields three isomeric monosulpho-acids on treatment 
with weak fuming sulphuric acid, that already described by Battershall being the 
chief product. On fusion ’©ith potassic hydrate, these furnish three corresponding 
hydroxynaphthoic acids, C*®H®(OIi).OOOH, all different from the carbonaphtholic acid 
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of Eller and Schaeffer (vi. 852) ; that obtained from Battershall’s snlpho-acid yields 
a-naphthol when distilled with lime, ^-naphthol being formed when the two isomeric 
acids are thus treated.^ ^-Naphthoic acid yields at most traces of an isomeric sulpho- 
acid, besides that described by Battershall. The corresponding hydroxy-acid furnishes 
a-naphthol when distilled with lime. 

N aj^hthdlenedicaThoxylic Acids. — ^Noless than four of these acids are known, 
viz. naphthalic (naphthophthalic) acid, nayhihoterephthcdic acid, and the two isomerides 
corresponding to the two isomeric (a- and naphthalenedisulphonic acids. 

NajpMhalic or NajphtJiophthcilio acid, C*®H®(COOH)^, is obtained by oxidation of 
acenaphthene and acenaphthylene {ante, p. 1345). According to Blumenthal, it is 
completely converted into the anhydride by mere exposure over sulphuric acid 

in mcuo {Ber. vii. 1092); the broad serrated plates, melting at 266'=*, obtained on sub- 
liming the acid (Behr, Dorp, vi. 852), appear to consist of the anhydride. 

Bromona^phthoyhthalio add, CioH^Br(COOH)2, obtained by oxidation of bromace- 
naphthene, cri^stallises from benzene in white needles melting at 210° ; it is less 
readily convefttjJ into the corresponding anhydride than naphthophthalic acid on 
exposure over sulphuric acid. When boiled with ammonia, it yields the imide. 

( CO f 
C*“H*Br| qq[NH, which crystallises in yellow prisms melting above 265® (Blumenthal, 

loc. dt.) 

Bajphthoter^hthalic acid, C^®H®(OOOB[)^, obtained by boiling the dicyanonaphtha- 
lene prepared from bromonaphthalenesulphonic acid with potassic hydrate solution, 
crystallises in microscopic needles, which remain unfused at 240° (Wichelhaus a. 
Darmstadter, Liebig's Annalen, clii. 309). 

Na^hthalene-a and ^-dicarboxy lie acids, C^"B:fi(COOB[)2 prepared from 
the dicyanonaphthalenes from naphthalene-a- and /3-disulphonic acids by digestion with 
hydrochloric acid at 200°-210°, or by boiling with a solution of potassic hydrate in 
amylic alcohol, are too^ difficultly soluble to be purified by recrystallisation ; if dis- 
solved in an alkali, boiled with animal charcoal, precipitated by an acid, and then 
well washed and dried, they are obtained as white coherent apparently amorphous 
masses. As prepared by decomposing the dicyanides with hydrochloric acid, the 
a-acid crystallises in long needles, the /3-acid in short needles. The a-acid is very 
slightly soluble, and the i8-acid almost insoluble, in boiling benzene, toluene, and 
acetic acid ; they are somewhat more soluble in boiling alcohol. They melt far above 
300°, but are decomposed. Their salts are -with difficulty rendered anhydrous, 
some being completely dehydrated only when heated at 300°. The a-potassi'im 
salt does not crystallise ; the /8-salt forms large tufts of needles, very easily 
soluble in water, of the composition C‘®H^(C00K)=^.73H20. The a-caldmi salt, 
C^®H®(CO=^)^40H^, is precipitated on the addition of calcium chloride to a neutral 
solution of the ammonium salt in small, often microscopic needles, but slightly soluble 
in water. The /8-salt, C'“H®.(CO^)“Ca,3^B[20, forms microscopic needles almost 
insoluble in water. The a- and /3-silver salts are anhydrous amorphous powders 
which do not alter on exposure to light. Barium and zinc salts furnish white 
gelatinous precipitates with soluble ot- and /8-dicarboxylates. Ethyl nagiKthalene-a- 
dicarhoxylate, C^“H®(COOC-H^)®, obtained by double decomposition from the silver 
salt and ethyl iodide, crystallises from ether in colourless needles, but is easily decom- 
posed (Ebert a. Merz, Ber. ix. 606). 

Hydroxynaptitlialenes or ZiT apbtbols. Bihroino-a-nayhthol, 

C^°H®Br®.OH. — To prepare this compound, bromine is added to a solution of a- 
naphthol in 3 pts. glacial acetic acid : it is formed even when only a single mole- 
cular proportion of bromine is employed. Crystallised from alcohol, in which it is 
easily soluble, it forms long glistening pliable needles, melting at 111°. It is readily 
and completely decomposed by an alcoholic solution of potassium hydrate, forming 
an easily oxidisable trihydroxynaphthalene (Biedermann, Ber. vi. 1119). 

Bromo-^-nwphihol, C^'*H®Br.OH, is obtained on adding the equivalent amount of 
bromine dissolved in an equal volume of glacial acetic acid to a tolerably concentrated 
acetic acid soiution of /3-naphthol. It separates in colourless needles of adamantine 
lustre, melting at 84°, soluble in alcohol, ether, benzene, and petroleum. It yields 
phthalic acid when oxidised by an alkaline solution of potassium permanganate 
(Smith, Qhem. 8oc. J. xxxv. 789). 

Tetrabromo-^-naphthol, C^°H=*Br^OH. — This compound is formed by adding bromine 
in excess to an acetic acid solution of /8-naphthol. It is less soluble than the mono- 
bromo-derivative, separating in white needles melting at 156°. When oxidised by 
an alkaline solution of potassium permanganate, it is converted into a monobromo- 
phthalic acid, the anhydride of which melts at 125° (Smith). 

Nitronaphthols. — o-Kaphthol, or the acetate formed from it, does not furnish 

Von. VIII. 4 T 
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uitro-derivatiFes on nitration, but are both converted into resinous masses (Bieder- 
mann, loo. ait.) The nitro-a-aeetamidonaphthalene, obtained 

by nitrating «*acetamidonaphthalene, however, readily exchanges the acetamido-group 
for hydroxyl when boiled with a concentrated aqueous solution of sodium hydrate 
(Andreoni a. Biedermann, ibid. vi. 342). The product thus obtained is a mixture of 
two isomeric mononitro-a-naphthols, which may be separated by extracting the mixture 
with cold spirit, when that of higher melting point dissolves, or better by boiling with 
water, as that of higher melting point is readily soluble therein, and the isomeride 
only slightly soluble (Liebermann a. Bittler, Liebig's Annalen, clxxxiii. 245). 

ar-Nitro-a-7iajohthol. C*«B[‘’(NO-).OH, crystallises in very fine needles, melting at 
164°, extremely soluble in alcohol and acetic acid ; it is almost completely precipitated 
from its cold aqueous solution on the addition of a few drops of hydrochloric acid. 
This modification is identical with the nitronaphthol which was first obtained by 
Busart, and subsequently examined by Darmstadter and Nathan (vii. 841). It yields 
dinitro-a-naphthol, m. p. 138°, on nitration. ^ 

Potassium a^nitro-a^ia^hthol, 0^®H^(N02).0K, forms small or&nge-red crystals, 
easily soluble in water. Sodium a-oiitTO-a-naphtholf C^°H®(N0-).0Na,2H20, crystallises 
in fine carmine-red needles, easily soluble in water and alcohol ; the anhydrous salt is 
blue-red. Barium a-nitrcha-naphthol, (C^®H®.N0‘'^.0)^Ba,H-0, crystallises in glistening 
dark-red pointed needles, exhibiting a blue dichroism ; it is easily soluble in water. 
Galckm arnitro^a-naphthol, (C’^H^.NO^. 0)-Ca,3H-0, forms dark-red fine interlaced 
needles, easily soluble in water. Lead ormitro-a-na^htholi [C*‘’H‘’’(N0“).0]^Pb, is a 
brilliant scarlet-red difficultly soluble powder. Silver a-nitro-a-naphthol is a carmine- 
red powder which alters on exposure to the air (Biedermann). 

^-Mtro^-^iagihtJiol forms small greenish-yellow plates, difficultly soluble in dilute 
alcohol and still less soluble in water ; it melts at 128°. On nitration it yields the 
same dinitro-cc-naphthol as the isomeride. 

Ammoniim-'^’-nitro-d-naphtliol crystallises from a hot aqueous solution in orange- 
red needles ; the corresponding a-nitro-a-naphthol derivative is extremely soluble, and 
is occasionally obtained in the form of yellowish-red star-like groups on dissolving 
a-nitro-a-naphthol in a very concentrated solution of ammonia. Barium j8-?w'z!ru- 
Q^nafUliol, (C^‘^H®.N0“.0)-Ba,30H2, forms glistening red needles, which become 
brown-red when dehydrated (Liebermann a. Bittler). 

jDinitro^a-na'pMhol, C^®H®(NO-)^.OH. — This compound is formed on boiling dinitro- 
a-acetamidonaphthalene with a concentrated aqueous solution of sodium hydrate. 
Calcium dinitro-a-naphthol crystallises either in orange-yellow needles, or in plates 
of the same colour, the latter form being produced when it quickly separates from 
concentrated solutions. This salt readily loses water on exposure over sulphuric acid 
(Liebermann a. Bittler). 

Mtro-^’naphthol, C*®H®(NO“)OH. — To prepare this body, hydrated nitroso-j3-naph- 
thol is ^suspended in ten times its weight of water, and an equal bxilk of nitric acid of sp. 
gr. 1-25 is then added. In the course of an hour, the pure yellow colour of the nitroso- 
eompound changes to a yellowish-grey, and the crystals become dense and non-coherent. 
They are then collected, washed thoroughly with ■water, and treated with 60 pts. of a 
cold very dilute solution of sodium hydrate (1 pt. 30 per cent, solution to 50 of water) 
and filtered from the insoluble residue. A slight excess of acetic acid is then added 
to the filtrate, and the bright yellow precipitate is collected, washed, and once or twice 
crystallised from boiling alcohol, in which it is very soluble. 

Nitro-/3-naphthol thus prepared crystallises from alcohol in orange-brown plates, 
scarcely distinguishable from nitroso-j8-naphthol. It is precipitated from its solutions 
as a pale-yellow crystalline powder, apparently a hydrate. It melts at 96° and forms 
orange-coloured, crystalline ammonium, potassium and sodium derivatives. It is 
more soluble than nitroso-y3-naphthol, but behaves very like the latter with concentrated 
sulphuric and nitric acids (Stenhouse a. Groves, Chem. Soc. J. xxxii. 51). 

Trimtro-a-^iajghtJiol, C^®H^(NO-)^.OH, may be produced by digesting dinitro-a- 
naphthol for several hours at 30°--60° with an excess of a mixture of equal weights of 
concentrated and fuming nitric acids; only from one-fifth to one-fourth of the 
theoretical amount is obtained, however (Ekstrand, Ber. x. 1232). It is more readily 
prepared by suspending 1 pt. of dinitro-o-naphthol in 10-15 pts. of concentrated 
sulphuric acid, then slowly adding, with constant stirring, to the well-cooled liquid 
from 1-1-1 times as much fuming nitric acid dissolved in sulphuric acid as theory 
requires ; the mixture is left to stand surrounded with cold water for about ten days, 
but well agitated several times daily. It is then poured into a large quantity of ice- 
cold water, and the crystalline mass which separates is well washed, pressed and 
dried, and then reerystaliised from a large quantity of boiling acetic acid. On account 
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of its slight solubility in the cold acid, it is readily obtained pure, and for most 
purposes it suffices to extract the -well-pulverised dry product two or three times with 
boiling acetic acid or alcohol in order to remove unattacked dinitro-a-naphthol. 

Trinitro-a naphthol melts at 177°. It is a brilliant yellow dye. When oxidised by 
an alkaline solution of potassium permanganate, it yields nitrophthalic acid (m. p. 212°). 
The potassium salt has the formula C^®H'‘(N02)3.0K,H20 (Diehl a. Merz, iUd. xi. 1661 ). 

Nitr ohTomo-a.-na^hthol^ C^®H®Br(NO“).OH. — This compound is obtained by 
boiling the nitrobromo-a-acetamidonaphthalene formed on nitration of bromo-a-acet- 
amidonaphthalene with a concentrated aqueous solution of sodium hydrate, &c. It 
closely resembles a-nitro-a-naphthol, and melts at 142® (Biedermann a. Remmers, 
ibid. vii. 638). 

Nitrosona^hthols. — Two isomeric nitroso-a-napTithols, C^®H®(KO).OH, are 
formed by the action of nitrous acid on a-naphthol, but jS-naphthol yields only a 
single nitroso-derivative. To prepare the former, 60 grams of a-naphthol are dissolved 
in a dilute solution of 40 grams potassium hydrate, which is then diluted with about 
18 litres of water ; tlfter cooling the liquid to 10®-6°, a solution of 70 grams potassium 
nitrite is added, and then, little by little, 85 grams of sulphuric acid in 1 litre of 
water. In a short time, a yellowish-brown flocculent precipitate is produced ; after 
four-and-twenty hours, this is filtered off, washed and crystallised from water in 
order to separate a black resinous substance. By reerystallising the product thus 
obtained from benzene, it is separated into a more soluble yellow nitroso-o-naphthol, 
corresponding to j8-nitro-a-naphthol, and a less soluble white isomeride corresponding 
to a-nitro-a-naphthol, the former being chiefi-y produced (Fuchs, Bsr. viii. 626). 

a^Nitroso-ctr-najphihol crystallises in dirty white or brownish coloured needles, 
melting with decomposition at 175°-185® ; when precipitated from an alkaline solution 
by an acid, it has a pure white colour. It is easily soluble in acetone, alcohol and 
ether, but dissolves with difficulty in chloroform and carbon bisulphide, and is only 
sparingly soluble in hot benzene and toluene. It is oxidised with considerable 
difficulty by means of an excess of potassium ferricyanide in presence of alkali, and 
converted into a-nitro-a-naphthol (m. p. 164°) ; on treatment with nitric acid, it yields 
dinitro-a-naphthol. 

f3^Nitroso-a-naphthol crystallised from benzene has a yellowish-green or green 
colour ; when precipitated from an alkaline solution, it has a pure sulphur-yellow 
colour. It melts, with decomposition, at 145°-15()°. It is easily soluble in acetic 
acid, alcohol, and acetone ; less soluble in benzene, carbon bisulphide, chloroform and 
petroleum, and almost insoluble in cold water but more soluble in hot water. It 
crystallises best from acetic acid, benzene or water, and in fine needles. It is a body of 
considerable stability, dissolving in concentrated sulphuric acid but being repre- 
cipitated by water, being unaltered by prolonged boiling with water, being unaffected 
by nitrous acid in the cold, and being merely converted into the potassium-derivative 
by prolonged boiling with an alcoholic solution of potassium hydrate. It is some- 
what volatile in a current of steam. On oxidation with potassium ferricyanide in 
alkaline solution, it yields iS-nitro-a-naphthol (m. p. 127°). Nitric acid converts it 
into dinitro-a-naphthol. 

Potassium ^-nitfoso-a-naplithol, C'°H®(NO)OK, may be prepared either by dissolv- 
ing the nitrosonaphthol in an aqueous solution of potassium hydrate, saturating the 
excess of the latter with carbon dioxide, evaporating to dryness, and extracting -with 
alcohol, or by adding an alcoholic solution of potassium hydrate to an alcoholic solution 
of the nitrosonaphthol. In the latter case, it is precipitated in glistening metallic 
green plates which, when dry, appear yellowish-red in transmitted light, the superficial 
colour being between copper-red and bran-yellow. It is moderately soluble in 
water, insoluble in a solution of potassium hydrate. Sodmm ^-^iiroso--ar-naphthol, 
0‘®H®(NO)ONa, crystallises from water in glistening prisms, which appear yellow-red 
by transmitted light and red-brown by reflected light. Ammonium ^‘Nitroso-o-naphthol 
is precipitated on mixing alcoholic solutions of ammonia and of the nitrosonaphthol in 
fine glistening metallic-green needles, which give off ammonia on exposure to the air. 
Barium ^-nitroso-a-^iaphthol, [0^®H®(N0)0]2Ba,2H^0, prepared by precipitating a 
solution of the nitrosonaphthol in dilute ammonia with barium chloride and recrystal- 
lising the precipitate from water, forms small glistening plates which exhibit 
pronounced yellowish-green and purple-red dichroism. The silver derivative is a 
brown-red pulverulent precipitate. The lead-derivative crystallises from alcohol in 
dark-brown glistening crystalline scales. The methyl derivative, C*“H®(NO).OCH®, 
prepared from the silver-derivative, crystallises from dilute alcohol in yellowish-green 
to steel-blue coloured needles, melting at 95®. The ethyl derivative crystallises in 
very thin, flat, glistening, greenish-yellow needles, melting at 101°. Benzoyl $-nitroso- 
a-naphthol, O®H®(N0)0.C0.0®H*, is produced by adding the sodium derivative to 
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cooled benzoic chloride. The semi-solid mass is heated for a few moments on the 
water bath, then digested with cold water for three to four hours, the benzoic acid 
extracted by boiling with water and alcohol, and the residue crystallised from a 
mixture of acetone and chloroform. It crystallises in short thick yellow needles, 
which decompose at 140°-150® into benzoic acid and a black residue. 

iS-nitroso-cx-naphthoI appears to combine with bromine, forming a dibromide, 
C*“H‘*Br“(NO).OH, which crystallises in glistening silver-white plates, melting at 145°. 
On adding i8-nitroso-a-naphthol to an alcoholic solution of aniline, long yellow needles 
of an extremely unstable body are obtained, probably a compound of the two sub- 
stances. If, however, aniline be added to a solution of the nitrosonaphthol in acetic 
acid, and the liquid be then warmed on the warm bath, it gradually darkens in colour 
and finally becomes violet ; on then pouring it into water, a solid dark-red product 
separates. After washing this with water, and extracting first with hot dilute 
ammonia, then with hot alcohol, a residue remains, which crystallises from a mixture 
of alcohol and benzene in fine needles, exhibiting while suspended in the liquid a 
magnificent eantharides-like lustre. This substance dissolves inricids forming mag- 
nificent violet-coloured solutions, from which it separates, on the addition of ammonia, 
as an orange-coloured precipitate. It has the composition and is apparently 

formed in accordance with the equation : 

2(G®H^Nfl2) + Ci‘>H«(NO)OH ^ + mO + NH®. 

Methyl and ethyl nitrosonaphthol behave in a similar manner with aniline, and a 
precisely similar product is obtained from paratoluidine (Fuchs, ibid. viii. 1022). 

Mtroso~^-na 2 )hthol, 0^®H®(NO)OH. — This compound was first obtained by Fuchs 
(ibid. 1026). According to Stenhouse a. Groves (Ghem. Soc. J. xxxii. 47), the follow- 
ing is the most advantageous method of preparing it : 1 pt. of ;8-naphthoi is dissolved 
in 10 pts. boiling water by means of 1 pt. by measure of a solution of sodium hydrate 
of sp. gr. 1*323 (a 30 per cent, solution) ; the liquid is then cooled and added to 
100 pts. of water. This solution is at once mixed, with constot stirring, with a 
nitriting solution prepared by pouring 2 pts. by weight of a 15 per cent, solution of 
the compound SO“(NO")OH {ibid. xxxi. 545) into 200 of water. After standing for 
twelve to twenty hours, the precipitate of crude nitroso-jS-naphthol which forms is 
collected on a linen filter and washed until the washings are no longer acid. The 
purification of this product is based on the insolubility of the barium-derivative, which 
is thrown down as a bulky green precipitate on the addition of barium chloride to a 
solution of the nitrosonaphthol in dilute alkali, and on the insolubility of the sodium- 
derivative even in comparatively dilute solutions of sodium hydrate. Sufficient water 
is added to the paste from the filter to make it up to 35 pts. by measure ; 1 pt. of the 30 
per cent, solution of sodium hydrate diluted with 35 of water is then added, and the 
mixture agitated occasionally and filtered after standing about an hour. The clear 
filtrate is precipitated by a slight excess of a dilute solution of barium chloride — 
about T5 pts. of a cold saturated solution diluted with twice its weight of water — and 
the green precipitate collected on a fine cambric filter. After being thoroughly 
washed, it is suspended in about 35 pts. of water, and decomposed with hydrochloric 
acid in excess. The partially purified nitroso-compound is then washed until free from 
barium chloride, suspended in 15 pts. of water, and heated on the water bath with 
5 pts. of 30 per cent, sodium hydrate solution ; to the filtered liquid, one-tonth of 
its bulk of soda solution is then added : this causes the precipitation of the sodium 
nitroso-iS-naphthol, which is collected, pressed, and decomposed by acid, the process 
of precipitation as sodium compound being repeated if necessary. 

In this way, nitroso-j3-naphthol is obtained in minute needles of a brilliant yellow 
colour, containing water of crystallisation, and becoming brown at a gentle heat, owing 
to loss of water. The anhydrous compound crystallises from alcohol, &c., in thin 
plates or short thick prisms of an orange-brown colour, melting at 10 9° *5. It is only 
slightly soluble in water, even when boiling, but dissolves readily in benzene, carbon 
bisulphide, acetic acid and hot alcohol ; it is comparatively slightly soluble in light 
petroleum, even when boiling. It dissolves in cold concentrated sulphuric acid, forming 
a bright-red liquid, from which it is precipitated unaltered by water; on strongly 
heating the acid solution, the colour changes to brown, and water then no longer 
has any effect. It yields nitro-jS-naphthol and a body insoluble in dilute alkaline 
solutions on careful treatment with dilute nitric acid ; if alcohol he used instead of 
water, a somewhat different reaction appears to take place ; concentrated nitric acid 
forms tarry products. 

The ammonium and alkaH metal derivatives of nitroso-^S-naphthol are crystalline 
and of a bright green colour when in a finely divided state, although the masses of 
crystals deposited from a hot concentrated solution appear black by reflected light. 
The alkaline earth-metal derivatives are also of various shades of green. 
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Amidona^hthols. a-Amido-a^a^^hthol, C‘«H®(NH2).OH.~-This compound is 
formed on reduction of a-nitro-a-naphtliol. To prepare it, the latter body is digested 
with tin and hydrochloric acid ; the white crystals of the tin double salt which are 
then obtained are dissolved in water ; the tin separated by means of hydrogen 
sulphide ; and the solution concentrated out of contact with the air. On addition 
of hydrochloric acid^ to the concentrated liquid, a-amido-o-naphthol hydi'ochloride 
crystallises out in white needles or elongated needle-like plates, very easily soluble in 
water. It^ yields almost the theoretical amount of a-naphthaquinone on treatment 
with a variety of oxidising agents. On the addition of bromine water, eren to very 
dilute solutions, a precipitate of yellowish-white needles is formed; this contains 
both nitrogen and bromine, and probably corresponds to the compound obtained by 
Schmitt a. Bennewitz from paramidophenol and chloride of lime (Liebermann a. 
Dittler, Liebig's Anmlen, clxxxiii. 24:7), 

^•Amido~c(r^ap7ithol,-~-Th.e hydrochloride of this compound, obtained in a similar 
manner to the above from ^-nitro-a-naphthol, crystallises in broad white plates. On 
the addition of all^li and agitation with air, its aqueous solution acquires a permanent 
grass-green colour, and after a time a green scum separates, which dissolves in alcohol 
to form a pure green-coloured liquid. The a-compound, when similarly treated, first 
exhibits a dirty-green coloration, which soon passes into yellow. It furnishes a 
yellowish to green precipitate with bromine water or ferric chloride, but no naphtha- 
quinone is formed on heating (Liebermann a. Littler). 

Nitroso-^-naphthol appears to be converted on reduction into the corresponding 
amido-derivative, but this has not yet been examined (comp. jQ-naphthaquinone). 

Triamido^a-’naphiholj C^®H*(NH“)®.OH. — ^This compound has not yet been 
isolated, but its sulphate and the tin double salt of its hydrochloride are known 
(Diehl a. Merz, Ber, xi. 1663). To prepare the latter, 8 pts. of the strongest 
hydrochloric acid are poured on a mixture of 1 pt. trinitro-a-naphthol and 4 pts. 
granulated tin, and heat is then carefully applied; a violent reaction soon takes 
place, and a clear brown solution is formed. When sufficiently concentrated, this de- 
posits granules of prismatic crystals having the formula C*®H-‘(NH301)^.0H,SnCl-.H”0 
(Eckstrand). If the solution of this salt be freed from tin by means of hydrogen 
sulphide and then sufficiently concentrated in a current of the gas, it deposits fine 
white needles of triamidonaphthol hydrochloride, but this salt is extremely unstable, 
and rapidly undergoes oxidation even when dry. The sulphate, C*®H'^(NH2)3.0H, 
H*S0SH*0, however, is more stable; it separates on addition of sulphuric acid 
to the very concentrated warm solution of the hydrochloride on cooling in yellow 
crystalline crusts, easily soluble in water. The dry salt is moderately stable in the 
air, but its solution rapidly assumes a red colour on agitation with air, and is im- 
mediately reddened by ferric chloride. 

Lilly droxy naphthalenes, C^®H®(OH)2.— Four of these are known, viz.: 
1. a-naphthaquinol or a-napbthahydroquinone (vii. 836); 2. jS-naphthaquinol or 
j8-naphthahydroquinone ; 3. that derived from a-nitronaphthalene-a-sulphonic acid; 
and 4. that formed by fusing naphthalene-a-disulphonic acid with alkali. The last 
of these was first obtained, but in an impure state, by Dusart, and was subsequently 
examined by Darmstadter a. Wichelhaus (vi. 857) ; the pure substance has more 
recently been described by Ebert a. Merz. 

^-Naphthagidnol, produced by the action of hydriodic acid or of sulphurous acid 
on j3-naphthaquinone, crystallises in colourless needles. When alcoholic solutions of 
3-naphthaquinone and )3-naphthaquinol are mixed, water added, and the liquid gently 
heated, dark-coloured crystals are deposited, resembling those obtained from the cor- 
responding a-compounds under similar circumstances (Stenhouse a. Groves, Chem, 
Soc. J. xxxii. 53). 

Lihy dr oxy naphthalene, prepared by heating potassium naphthalene a-disulphonate 
with potassium hydrate at 280°-300®, crystallises from boiling benzene in long colour- 
less needles, melting at 1 86®. It sublimes with partial decomposition in broad toothed 
plates ; it scarcely volatilises with vapour of water. It is easily soluble in boiling 
water, and still more so in alcohol and ether ; moderately soluble in benzene, toluene, 
and chloroform, and almost insoluble in carbon bisulphide and petroleum. An alkaline 
solution darkens rapidly on exposure to the air. and an ethereal solution behaves 
similarly. Its aqueous solution is 'coloured red temporarily by chloride of lime and 
more permanently by nitric acid. It appears to yield isomeric nitro- and haloid- 
derivatives (Ebert a. Merz. Ber. ix. 609 ; Weber, ibid. x. 1233). 

According to Cleve {Bull, Soc, Chim. xxiv. 513), the amido-acid formed on reduc- 
tion of nitronaphthalene-a-sulphonic acid yields by Griess’s method a dihydroxy- 
naphthalene subliming in needles which do not fuse below 220°. 
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Binaj^hthols. — A.ccording to Dianin {ihid. viii. 166), jS-dinaplitliol yields the 
compound when distilled with phosphoric pentoxide. This body crystallises 

in long yellow needles ; it combines with a single molecular proportion of trinitrophenol, 

Dinaphthyl-^-diquiml, — This compound is formed by the reduction 

of )8-dinaphthyldiquinone or the corresponding quinhydrone. "When the diquinone is 
allowed to stand for some time in contact with sulphurous acid solution, it becomes 
converted into a mass of colourless crystals, apparently without the quinhydrone 
being formed as an intermediate product. A very convenient method of preparation 
is to convert iS-naphthaquinone into the diquinhydrone by treatment with dilute sul- 
phuric acid, and when the mixture is cold, to add about twice its bulk of a 
saturated aqueous solution of snlphurons acid; when the whole has stood about 
twenty-four hours, the black diquinhydrone will be found to have been entirely con- 
verted into a mass of snow-white needles of the diquinol, provided the jS-naphthaquinone 
originally employed was quite pure ; these merely require to be thoroughly washed to 
remove sulphuric acid, and crystallised once from dilute acetic acid to which a few drops 
of sulphurous acid solution have been added to be quite pure. 

Dinaphthyl-jS-diquinol forms colourless needles, which on dryir% become darkened 
from partial oxidation. It melts at 176°- 178°, is almost insoluble in water, moderately 
soluble in 30 per cent, acetic acid, easily in glacial acetic acid ; it is only slightly 
soluble in benzene, carbon bisulphide and ether (Stenhouse a. Groves, Che7n, Soc, J. 
xxxiii. 419). 

XTaplittiaquinonest Monnet, Eeverdin and Nolting (Eer. xii. 2305) have 
obtained or-mphthaqumoiie by direct oxidation of a-amidonaphthalene (naphthylamine), 
and also in small quantity by oxidation of naphthionic acid. 1 pt. naphthylamine was 
dissolved in 6 pts. sulphuric acid and 25 pts. water, and 2’5 pts. of finely pulverised 
potassium dichromate were then added gradually to the cooled solution ; the resulting 
dark-brown precipitate was filtered off, dried over sulphuric acid, and extracted with 
ether, and the mother-liquor also extracted with ether. In one experiment, 40 per 
cent., in others only 15-20 per cent., a-naphthaquinone was obtained in this way; a 
variable amount of phthalic acid and a brown substance insoluble in almost all 
solvents are also formed. a-Naphthaquinone reacts with dimethylaniline, phenol, 
and resorcinol in presence of sulphuric acid to form coloured substances, which appear, 
however, to be of no technical value. According to Plimpton and Zincko (Ber. xii. 
1644), it readily enters into reaction with primary monamines apparently in accord- 
ance with the equation : 

+ NffB' = C‘»H»(OH)" + 

The compounds obtained with aniline, paratoluidine and methylamine crystallise 
in beautiful red needles melting at 191°, 200°, and 225° respectively. 

JDihroTiW-d-na'phthaqimione, C^^H^Br-O'^, is produced by treating a-naphthol with 
iodine and an excess of bromine (Diehl a. Merz, ibid. x. 1066). a-Naphthol is mixed 
with double its weight of iodine and a considerable quantity of water and seven times 
its weight of bromine is then gradually added. This mixture is heated in a 
vessel attached to a reversed condenser for several hours. The product is boiled 
with a large quantity of alcohol or acetic acid, and the crystals which separate are 
purified by recrystaliisation. It may also be obtained by treating dinitro- a-naphthol 
in a similar manner ; in either case, about 50 per cent, of the theoretical amount is 
formed. 

Dibromo-a-naphthaquinone crystallises in small granules consisting of hair-fine 
needles ; when carefully heated, it sublimes with partial decomposition in yellow 
needles, melting at 15l°-6. It is sparingly soluble in acetic acid, alcohol, benzene, 
and ether, but readily soluble in boiling alcohol or acetic acid. 

^^Naphthaquinone, (Stenhouse a. Groves, Chem. Soo. J. xxxii. 47, 

xxxiii. 415) — Tins compound is produced by oxidation of the amidonaphthol formed 
on reduction of nitroso-/3-naphthoL To prepare it, nitroso-/8-naphthol is first converted 
into the barium-derivative by dissolving it (2 pts.) in a mixture of about 100 pts. 
water with 2 pts. 30 per cent, sodium hydrate solution, filtering, then adding a slight 
excess of barium chloride. The precipitate, after being collected and washed, is sus- 
pended in 140 pts. water, mixed witli 3 pts. ammonia solution (sp. gr. 880), and the 
liquid supersaturated with hydrogen sulphide. The vessel containing the mixture is 
then tightly corked and allowed to stand several hours ; subsequently, the precipitate 
is collected, washed with a very dilute solution of hydrogen sulphide, then addeil to 
6 pts. of a saturated aqueous solution of sulphurous acid and 6 pts. of dilute sulphuric 
acid (1 vol. acid to 2 vols. water), the liquid filtered, and the filtrate immediately 
poured into a filtered solution of 3 pts. potassium dichromate in 20 pts. of water. 
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The quinone at once separates in slender needles of a bright orange colour. It is 
collected without delay, thoroughly washed with distilled water, and dried at the 
ordinary temperature ; thus prepared, it is pure with the exception that it contains 
traces of chromium, which, however, cannot be removed by crystallisation from any 
•iolvent, as it decomposes very readily. Only from 62-65 per cent, of the weight of 
the nitrosonaphthol, instead of 91*^ per cent., is thus obtained, however. 

j8-naphthaquinone melts at 96°. If boiled for some time with dilute nitric acid, it 
is oxidised to phtlialic acid. 

Mtro-^-napkthaq 2 mione, C^°H^(N0“)0^. — jS-Naphthaquinone dissolves readily in 
hot dilute nitric acid, and the solution on cooling deposits magnificent crimson-coloured 
needles of nitro-/3-naphthaquir)one. The latter may be prepared by adding 10 pts. of 
the quinone to 60 pts. by measure of nitric acid (of sp. gr. T2), agitating until a 
homogeneous paste is formed, and then plunging the flask into boiling water for a 
few minutes ; the qumone dissolves, but very shortly afterwards a mass of crystals of 
the nitro-derivative separate out. When the conversion is complete, the flask is 
cooled, and after a couple of hours the product is collected and washed ; it is then 
recrystallised frcm boiling benzene, and afterwards once or twice from boiling glacial 
acetic acid. From the latter solvent, it crystallises in magnificent crimson plates 
bearing a striking resemblance in point of colour and general aspect to chromic anhy- 
dride. It melts at 158°. It is insoluble in light petroleum, almost insoluble in carbon 
bisulphide, slightly soluble in ether, more so in benzene and in boiling alcohol, and 
very readily soluble in hot glacial acetic acid ; boiling with alcohol, however, appears 
to decompose it. 

JDinaphthyl-^-diquinonone, (Stenhouse a. Groves, Chem. JSoc. J. xxxiii. 

415). — When jS-naphthaquinone (1 pt.) is intimately mixed with dilute sulphuric acid 
(10 pts. by measure of 1 vol. acid to 2 vols. water) so as not to leave any part un- 
wetted, and allowed to remain in contact therewith for twenty-four hours, it is com- 
pletely converted into its own weight of a compound which is analogous to quinhydrone, 
and in all probability has the formula ; the same change may be more 

rapidly effected by heating the mixture at about 55°. The product merely requires 
thorough washing with cold water. 

Dinaphthyl-i8-diquinhydrone is an indigo-black powder when dry, insoluble in 
water, carbon disulphide, and light petroleum, almost insoluble in benzene, but soluble 
in glacial acetic acid. By boiling with nitric acid, or with a solution of potassium 
dichromate and sulphuric acid, it is converted into dinaphthyl-j8-diquinone, 

This compound is most conveniently prepared by pouriug a solution of pure 
dinaphthyl-i3-diquinol, 0^‘’B[^°(0H)^ in boiling 30 per cent, acid into sufficient nitric 
acid (sp. gr. T45) to oxidise it. It is then precipitated in small lustrous prisms of a 
brilliant orange colour. Dinaph thy l-j3-di quinone is but very slightly soluble, or 
insoluble, in all ordinary solvents ; it is a very stable body, dissolving in boiling 
concentrated nitric acid, and crystallising out unchanged on cooling. It is also easily 
soluble in warm concentrated sulphuric acid, and is precipitated again on dilution. 

Hy dr oxy-a.-n aphtha quinone or Naphfhalio acid, C^°H®(0H)0^ — This 
compound, which is usually prepared by heating diimidonaphthol hydrochloride with 
hydrochloric acid at 120° in sealed tubes (vii. 836), is more readily prepared, 
according to Merz a. Diehl {Ber. xi. 1314) by adding the finely pulverised hydro- 
chloride little by little to a moderately concentrated boiling solution of sodium 
carbonate ; the product obtained on acidifying the filtered solution is sufficiently pure 
for most purposes. An insoluble dark- coloured substance is also formed in varying 
amount according to the purity of the hydrochloride employed. It is well to operate 
quickly and on a small scale, so as to avoid access of air as much as possible ; using 
40 to 60 grams of hydrochloride, from 75 to over 80 per cent, of the theoretical 
amount is obtained. Hydroxy-a-naphthaquinone is also formed on heating diamido- 
a-naplithol with dilute hydrochloric acid at 180°. Carefully crystallised hydroxy-a- 
napthaquinone melts at 179°. If heated with an aqueous or alcoholic solution of 
ammonia at 100°-110°, it is converted into amidonaphthaquinone (Ludwig, 
iv. 970). 

Bromohydroxy-a-naphthaquinone or Bromonaphthalic add, C^®B[^Br(OH)0^ is 
produced on treatment of dibromo-a-naphthaquinone, with a warm 

solution of sodium hydrate or with a boiling solution of sodium carbonate, and by the 
action of bromine on hydroxy-a-naphthaquinone (Diehl a. Merz, xi. 1066). It 
crystallises from hot alcohol in compact almost golden-yellow plates, melting 
at 196°*5. 

The potassium derivative, C*°H'*BrO^K,4H"0, crystallises in granular masses of 
small dark-red needles, very soluble in water. The barium derivative, (C^"B['‘BrO^)-Ba, 
is obtained as an orange-coloured precipitate on the addition of barium chloride to a 
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eold solution of the potassium derivative. Other metallic salts also produce coloured 
precipitates. Bromohydroxy-a-naphthaquinone yields phthalic acid on oxidation with 
nitric acid. 

Mtrohydroxy-a.-naj^thagmnone or Mirona'^litlialio acid, C^®H‘‘(N0-)(0H)02. — 
nitration of hydroxy- a-napthaquinone presents difficulties, but may be effected by dis- 
solving it in 10 pts. concentrated sulphuric acid and gradually adding the required 
amount of fuming nitric acid. The solution is left at rest for forty-eight hours, 
care being taken to keep it cool, and then poured into ice water. The product is 
collected, washed with ice-water, pressed and crystallised alternately from dilute 
alcohol and chloroform (Merz a. Diehl, ihid. xi. 1314). 

Nitrohydroxy-a-naphthaquinone crystallises from hot chloroform in pale yellow 
plates or scales ; from benzene it separates in large thin plates like crystals of 
sublimed naphthalene. It is easily soluble in hot water, alcohol, and ether, sparingly 
soluble in co]d benzene, chloroform, or petroleum, and not very soluble in the hot 
hquids. It melts with decomposition at 157° ; it also decomposes if heated for some 
time at 140°, hydrocyanic acid being one of the products. Its aqueous solution is 
entirely decomposed by prolonged boiling, hydrocyanic acid, much iiumus-like sub- 
stance and a considerable amount of phthalic acid being produced. It is easily 
oxidised by hot dilute nitric acid and converted into phthalic acid. 

The yotassmm derivative, C^®H‘D^(NO^)(OK), crystallises in bundles of golden- 
yellow glistening needles, sparingly soluble in cold, easily in hot water. The barium 
derivative, [C^‘^H'‘0"(N0-).0]2Ba, crystallises from a hot solution in orange-red scales, 
very slightly soluble in water. The lead derivative crystallises according to circum- 
stances in one or other of two modifications differing in the amount of water of 
crystallisation and solubility ; it adheres in a remarkable manner to lead carbonate, 
and notwithstanding its solubility is with difficulty separated from the latter by boil- 
ing water. 

Amidohydroxy-a-na^hthagidmnc or Aniidona^Jitlialio acid, is 

produced by reduction of the foregoing compound, either by means of tin and hydro- 
chloric acid or ammonium sulphydrate (Merz a. Diehl). It crystallises from hot 
glacial acetic acid or alcohol in loosely aggregated da]*k-brown needles, moderately 
soluble in hot glacial acetic acid and alcohol, but sparingly in cold. It dissolves in 
solutions of ammonia and ammonium carbonate, and of the hydrates and carbonates of 
the alkali-metals, forming intense blue coloured liquids resembling an ammoniacal 
solution of a cupric salt ; its alkaline earth and heavy metal derivatives are difficultly 
soluble or insoluble. It also exhibits basic properties, solutions of its metallic deri- 
vatives being precipitated by acetic but not by hydrochloric or sulphuric acids. 

It is readily oxidised by nitric acid and converted into phthalic acid. When 
heated for 1-1 J hours at 170°-180° with dilute hydrochloric acid, it is converted into 
dihydroxy ’a-napUhaqimioifie, C^°H^O^(OH)“. The latter crystallises from alcohol 
in fine red-brown needles, and from glacial acetic acid in dark-red plates ; the crystals 
exhibit a brilliant metallic lustre in sunlight. It is abundantly soluble in hot alcohol 
and glacial acetic acid, although somewhat sparingly in the cold liquids ; it is only 
slightly soluble in benzene and ether ; it may be dissolved in a large quantity of 
water, but as the solution cools separates almost entirely in fine needles. A solution 
of the freshly precipitated substance in ammonia and alkalies has a dark violet-blue 
colour, similar to that of the higher methylated rosanilines. If somewhat rapidly 
heated it sublimes in bundles of vermiliou-red needles, but much of it undergoes 
decomposition. The metallic derivatives of dihydroxy-a-naphthaquinone are all dark- 
coloured, and excepting those of the alkali-metals are only slightly soluble or insoluble. 
With alumina mordants it dyes violet, and with iron mordants dark-blue, and the 
colour withstands washing. It communicates to silk a brownish-violet colour and 
strong metallic lustre. It is dissolved on treatment with tin and hydrochloric acid, 
and apparently converted into tetraliydroxynajphthalcne, C^®H‘*(OH)^ 

Biacetoxy-a-nayhthaquinonc, C‘®H'‘0“(0C^H®0)^, produced by heating dihydroxy-a- 
naphthaqninone with an excess of acetic anhydride at about 160° for one to two hours, 
crystallises from hot dilute alcohol in small brown plates. 

Diimido- and Oximido-a-na^hthol. — These compounds have been represented 
by Grraebe a. Ludwig by the following formulae (vii. 841) : 


Diimido-a-naplitlioL 


C'®HXOH)| 


NH? 

0 


Oximido-a-naplithol. 


Itappearsprohable,however, that both are derivatives of an ‘imidoquinone,’ intermediate 
in composition between naphthaquinone and the at present unknown diimido- 
naphthalene, so-called diimidonapthol being amido- and oximidonaphthol hydroxy- 
myhthimidoguimne, thus : 



naphthalenes, AMmO- l36§ 


Amidonaphthimidoquinone. 

CDiimidonaphtliol) 






Hydroxynapiithimidoquiiioiie. 

(OximidonapIith.ol) 


The fact that the so-called diimidonaphthol -unites with a single molecule of hydro- 
chloric acid, and that oximidonaphthol is precipitated as such on the addition of 
hydrochloric acid to its solution in concentrated alkali, ob-riously supports this view. 

Amidodiimido-a-napIithoL — According to Diehl a. Meriz, the hydrochloride of this 
compound is produced on adding a slight excess of ferric chloride to a hot solution of 
triamidonaphthol hydrochloride, C^®H-^(NH®Cl)^OH. It crystallises in lustrous dark- 
green plates, moderately soluble in cold \vater and alcohol, very sparingly in ether and 
concentrated hy(2!rochloric acid. Its solutions are of an intense dark-red colour, and 
colour wool a brown-red and silk a similar but somewhat redder shade. Its aqueous 
solution is decomposed on prolonged boiling, and e^en the dry substance is not 
permanent. 

On the addition of potassium dichromate to a solution of the hydrochloride, 
C^^H^N^O.nCl, the chromate, C^^H^N^O.H^CrO**, is thrown down as a fiocculent or 
pulverulent brown-red precipitate. The platino-chloride, (C^®H®N®O.HCl)^PtCD, is 
precipitated on the addition of platinum chloride to a solution of the hydro- 
chloride as a dark-brown precipitate almost insoluble in water. The amidodi- 
imidonaphthol itself, is thrown down on the addition of alkali to a solu- 

tion of the hydrochloride in brown-red fiocculi consisting of extremely fine needles. 
It crystallises from hot alcohol in dark-brown needles, abundantly soluble in hot, 
but moderately in cold alcohol, and very slightly soluble in cold benzene, ether, and 
water. 

It may be questioned whether the compound thus obtained is really an amidodi- 
imidonaphthol of the formula as Diehl a. Merz suppose, and 

whether it is not a diamidoimidoquinone, i,e. the amido-derivative of the so-called 
diimidonaphthol of Qraebe a. Ludwig. 

iimidonaplitlialenes. $^Amido7iaphthalefie or ^-Naphthylamine, 
the isomeride of ordinary a-amidonapht}iale?ief or a-naphthylamine, is pro- 
duced on reduction of the bromonitronaphthalene obtained by brominating a-acet- 
amidonaphthalene, nitrating the resulting bromo-a-aeetamidonaphthalene, converting 
the nitrobromo-compound thus produced into nitrobromonaphthylamine, and finally 
displacing the amido-group in this latter compound by hydrogen by Grriess’s method 
(Liebermann a. Scheiding, Liebig^s Annalen, clxxxiii. 258). 

,3-Amidonaphthalene volatilises in a current of steam ; it crystallises from water 
in snow-white glistening plates melting at 112°. It is readily distinguished from the 
isomeride by failing to yield a coloration either with ferric chloride or with chromic 
acid, -with bleaching powder, or alcohol containing nitrous acid and a little hydrochloric 
acid; it also has not the characteristic odour of a-naphthylamine. Its aqueous 
solution exhibits a blue fluorescence, but solutions o-f its salts are not fluorescent. 

^-Na^phthylammoniam cJiloride, C^°H’.NH^01, forms colourless plates, very easily 
soluble in water and alcohol, di-fficultly soluble in dilute hydrochloric acid. The 
flatmochloride, (C^^HMSfE^Cl^^PtCD, forms yellow plates soluble in water. fi-Naph- 
thylammonmm sulphate, crystallises from hot water in colourless 

plates ; it is precipitated on the addition of sulphuric acid to a cold dilute solution of 
the hydrochloride, and as it is much less soluble than the a-naphthylamine salt, 
the two isomerides may be separated by means of their sulphates. ^-Naphthylamme 
combines with trinitrophenol, forming a trinitropbenate, which crystallises in long 
yellow needlesmelting at 195°, easily soluble in alcohol. 

^-AcetamidonapJitJialene or ^-aceihaphthalide^ C^“H^.NIIC"H*0, crystallises from 
water in elongated glistening plates, melting at 132°. 

a-Amidonaphthalene. 'Reactions, — If a small quantity of an alcoholic solution 
of nitrous acid be mixed with a solution of a-naphthylamine in alcohol or glacial acetic 
acid and a little hydrochloric acid be then added, an intense violet to magenta colour- 
ation is produced if a considerable quantity of the base be present ; if only a trace 
of the base be present, the liquid acquires a reddish colour (Liebermann). 

An extremely delicate test for nitrous acid consists in adding to the suspected 
solution acidulated with pure sulphuric acid, a little sulphanilic acid, and about ten 
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minutes afterwards a few drops of a colourless solution of naphthylammonium 
sulphate ; a more or less magenta-red colour is thus produced (G-riess, Ber. xii. 426). 

a-Naphthylamiiie forms a crystalline compound with mercuric chloride (0. Klein, 
Ber. xi. 743). It enters into reaction with dinitro chlorobenzene, especially on warm- 
ing an alcoholic solution of the two bodies, but the product is not a well-characterised 
substance (Lanbenheimer, ibid. xi. 1158). 

When heated together in sealed tubes for three to four hours at 190°-220°, 
naphthylamine hydrochloride and nitronaphthalene enter into reaction in accordance 
with the equation, 2(Ci‘»HbNH2) + + 2m0 + forming 

trinaphthylenediamine (Salzmann a, Wichelhaus, ibid. ix. 1107). 

If o-naphthylamine be heated with rather less than half its weight of urea at 120° 
for some hours, dma^hih^f/lcarbamide, (G^®H'^.NH)“00, is the sole product ; but mono- 
na^hthylcarbamide, NH^.CO.KH.C^^’H^, is also formed on heating naphthylamine 
hydrochloride with urea at 160°-170° (Pagliani, Qazz. ohm. ital. ix. 28). 

Methyl- a.-%a^ht}iyl(imiiiei C^®H^.NH(CH®), is produced, together with dinaphthyl- 
amine, on passing a current of methyl chloride gas into a-naphthyl- 

amine heated at about 150°-180® (liandshoff, Ber. xi. 638). The'^former boils at 
293°. It rapidly becomes dark-coloured and untransparent on exposure to the air ; 
its alcoholic solution yields a dark violet precipitate with ferric chloride. The mon- 
acetyl-derivative crystallises from water in small white prisms melting at 91°; 
although difficultly soluble in water, it separates very slowly from an aqueous solution. 

Bimethyl-a-naphthylaminey C^®H^.N(CH®)“, is produced in theoretical amount on 
heating a mixture of 1 mol. pi*oportion of naphthylamine dissolved in methyl alcohol 
and 2 mol. proportions of methyl iodide in closed tubes at 100° during one day. It is 
a pale-yellow strongly refracting oil, having an odour like that of potroleum, boiling 
at 267° ; it exhibits an intense green fluorescence. On the addition of ferric chloride 
to its alcoholic solution, a violet coloration is produced, which passes into a beautiful 
violet on exposure to the air. 

T}rimet}vylnay)}Ltliylammonium iodide^ C*®H^.N(CH^)^I, formed by combining 
dimethyinaphthylamine with methyl iodide, crystallises from water in large slightly 
yellowish-green coloured needles, easily soluble in hot and cold water. At 1 64° it 
splits up into methyl iodide and dimethyinaphthylamine. It is not altered by sodium 
hydrate, but on digestion with silver hydrate is converted into the hydroxide, 
Ci®H’.N(CH®)®(OH). 

Ethyl-d-naphthylamine, 0^®H’'.NH(C2H®), is formed on reduction of a-thiacotamido- 
naphthalene (Bernthsen a. Trompetter, Ber, xi. 1756). 

I)inafhthylaminef 'S'3.{(j^^W )\ — On the addition of potassium nitrite to an 
acetic acid solution of this base, nitrosodmai^hthylamine, N(C^®H^)‘‘^(NO), separates as 
a yellow oil which soon becomes solid. The product is dissolved in as little benzene 
as possible, and the solution then precipitated with dilute alcohol. It forms a crystal- 
line powder, melting with decomposition at 260°-262° (Landshoff, Ber. xi. 641). 

a-ThiacetamidompMhalenc, C^®H’'.NII(CS.CH®). — This body, termed by Bernthsen 
a. Trompetter acetonaphthylthiamide, is obtained on heating the amidine 
CH®.C(NH).NH.C^®H'^ (viii. 71) with carbon bisulphide for several hours at 100°. It 
crystallises in yellowish- white tabular crystals, melting at 96° ; it dissolves, although 
with difficulty, in sodium hydrate solution, and is reprecipitated by hydrochloric acid. 

a-Thiobens!amidonapMh(deney prepared in a similar manner 

from the amidine, C^®B[hNH.G(NH)C®H®, crystallises in yellow glistening plates 
melting at 147*5°. 

The amidires here referred to are obtained as hydrochlorides on heating naphthyl- 
ammonium chloride with acetonitril and benzonitril respectively (see Bernthsen a. 
Trompetter). 

Bromo-a-amidonaphthalene. — The acetyl-derivative of this compound is formed on 
the addition of the calculated amount of bromine to a-acenapthalid suspended in car- 
bon bisulphide. Bromo-oL-acetamidonajphthalme, G^®H®Br.NHC^H^O, crystallises from 
hot alcohol, in which it is easily soluble, in long concentrically grouped needles 
melting at 193°. It is less readily decomposed than acenapthalid by alkalies ; by 
boiling it, however, with a solution of 3 pts. potassium hydrate and 2 pts. water, 
bromo-a~amidonaphthalene or hronio-a-naphthyl amine, C^®H®Br.NH^, is produced. 
This compound crystallises from alcohol in aggregates of brown-coloured needlevS, 
melting at 94°, possessing an extremely unpleasant odour. It furnishes a very well 
crystallised hydrochloride and sulphate. As it may be converted into a-bromonaph- 
thalene by displacement of the amido-group by hydrogen, it is an aa-derivative of 
naphthalene (Bother, Ber. iv. 850). 

Chloro-a-amidonaphthalene, G*®H®C1.NH^. — Seidler has observed the formation of 
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this compOTiud, together with naphthylamine, on reducing nitronaphthalene with tin 
and hydrochloric acid ; it appears to result from the action of the stannic chloride 
which is produced on the napthylamine, as it may he obtained by exposing a mixture 
of these substances to the air for several weeks. The body thus produced crystallises 
in colourless odourless needles melting at 98° ; it is sparingly soluble in benzene, and 
may therefore by means of this solvent be separated from naphthylamine, but easily 
soluble in alcohol and ether. Its acetyl derivative, C^^H^Gl.NHC^H^O, crystallises in 
colourless needles melting at 184°, easily soluble in alcohol and ether {ibid. xi. 1201). 

lditTo~a.-amidonapthalenes , — If a cold saturated solution of 3 pts. acenaph- 
thalide in glacial acetic acid be mixed with 1 pt. of fuming nitric acid free from nitrous 
acid and the mixture allowed to stand several hours, a crystalline mass is deposited 
and a further quantity of crystals may be separated by mixing the supernatant liquid 
with water. The product is a mixture of two isomeric nitro-a-acetamidonajykthalenes, 
which, however, are nearly of the same solubility ; on this 
account, they have not been separated in a state of purity (Andreoni a. Biedermann, 
jBsr, vi. 342 ; Liebermann a. Dittler, Liebig's Amialen, elxxxiii. 228). 

a-NitTCh-a-^amidonapMhalene^ C’®H®(NO-).NH-. — On heating the mixture of nitro- 
aeenaphthalids thus prepared with an alcoholic solution of potassium hydrate (4 pts. 
nitro-product to l-l| pt. KOH), and keeping the liquid in gentle ebullition for about 
an hour, a mixture of the corresponding nitronaphthylamines is obtained, consisting 
chiefly, however, of that melting at 164°, which is less soluble than the isomeride in 
alcohol, and may therefore be purified by repeated recrystallisation from this solvent. 
It crystallises in thin orange-coloured needles, often matted together, moderately 
soluble in alcohol and glacial acetic acid ; it possesses considerable tinctorial power 
for wool, which it colours orange-yellow. It is almost destitute of basic properties, 
for, although it dissolves more readily on warming in acids than in water, it separates 
out unchanged as the solution cools. 

When submitted to the action of nitrous acid in alcoholic solution, it yields a 
compound of the formula which is probably the nitro-derivative of so- 

called azodinaphthyldiamine (vii. 849 ; comp. Martius, Jahresh. 1865, 436). 

The di azo-derivative formed by the action of nitrous acid in presence of nitric acid, 
however, is converted into a-nitronaphthalene on boiling with alcohol : hence both 
the amido- and nitro-groups occupy a- positions. 

^-Nitro-a-amidona'phthalene, which is formed together with the foregoing, has not 
been obtained quite pure ; it very closely resembles the a-compound, but is more 
soluble, and appears to melt at about 158°. It yields a complex azo-derivative when 
submitted to the action of nitrous acid in presence of nitric acid (Liebermann a. Dittler). 

An a-nitroamidona'pWhalene isomeric with the above is obtained on reduction of 
a-dinitronaphthalene (m. p. 212°). This latter compound, however, is very readily 
converted into the corresponding diamidonaphthalene, and special precautions are 
necessary in preparing the amidonitro-derivative from it. Alcohol having been poured 
over it, a couple of grams of a concentrated solution of ammonia are added, and the 
cooled liquid is then saturated with hydrogen sulphide ; when this is the case, the 
vessel is set aside until the odour of the gas has disappeared, and then hydrogen 
sulphide is again passed into the liquid. These operations are repeated until the flask 
has gained in weight to the extent required by the equation : 

Ci«H«(N02)2 + 3H2S = Ci‘>H«(N02).NH2 + 3S + 20^?. 

The solution is then mixed with water, and the precipitate extracted with boiling 
dilute hydrochloric acid ; the hydrochloric acid solution having been concentrated, 
ammonia is added ; the precipitate is dissolved in a large quantity of dilute sul- 
phuric acid ; and the crystals of the sulphate which separate as the solution cools 
are recrystallised from water acidulated with sulphuric acid. The free base 
may be obtained by treating the sulphate with ammonia. It crystallises from 
boiling water in glistening small red crystals, melting at 118°-119°. The sulphate, 
[Cio 2«(N02)(NII-)]2II2SO‘^,2H20, forms long glistening needles, very dij65cultly 
soluble in cold water. a-Nitronaphthalene is obtained from this nitroamidonaptha- 
lene on displacing the amido -group by hydrogen (Beilstein a. Kuhlberg, Liebig's 
Annalen^ clxix. 87). 

a^’-Linitro^a'amidonaphthalene, C^®H®(NO“)^.NH-. — The acetyl-derivative of this 
compound is formed on nitration of acenaphthalide. A concentrated solution of the 
latter in glacial acetic acid is mixed with a quantity of fuming nitric acid free from 
nitrous acid equal in weight to that of the acenaphthalide employed, and the mixture 
heated for a short time on the water bath to such a temperature that a slight evolution 
of gas takes place ; the crystalline product which separates on standing is then 
washed and recrystallised from alcohol or glacial acetic acid. Mnitro-a-acemphthcdid 
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crystallises in long yellowish needles, melting at 247®. When hoiled with a solution 
of sodium hydrate, it yields dinitro-a-naphthol, (m. p. 138°) ; but if 

heated with an alcoholic solution of ammonia for three hours at 140°, dinitro-a-amido’- 
naj^hthalene is formed. The latter crystallises in lemon-yellow needles, melting at 
235° (Liebermann a. Hammerschlag, Liebig’s Annalen, ckxxiii. 272). 

^Nitro-a-‘hromo-a-amidonajphthalene, — To prepare this compound, a-bromo-a-ace- 
naphthalide. G^°H®Br(NHC^BL®0), is nitrated, and 10 pts. of the resulting nitro-deri- 
vative, which crystallises in long pale-yellow needles melting at 232°, are boiled for 
two days with 2 pts. of potassium hydrate dissolved in 60 pts. anhydrous alcohol. It 
crystallises in long orange- coloured needles, molting at 200° ; on oxidation with nitric 
acid, it yields phthalic acid. It is abundantly soluble in concentrated sulphuric acid ; 
after a time, colourless needles of the sulphate separate from the solution, but these are 
immediately decomposed by water (Liebermann a. Scheiding, ibid, clxxxiii. 258). 

a-Benzamidona^7itkcblene, C’‘’H^NH.COC®H^ prepared by heating naphthyl- 
amine with benzoic chloride (Church), crystallises from alcohol, in which it is easily 
soluble, in glistening needles, melting at 156° (Ebell, Ber. vii. 1317;^viii. 562). It 
yields two, if not three, isomeric mononitro-compounds on nitration. a-NUro-a^bens- 
amidomphthalenei 0^®H®(NO-).KH.COC®H®, crystallises from alcohol, in which it is 
difficultly soluble, in yellowish prisms melting at 224°. When boiled with potassic 
hydrate solution, it yields a-nitro-a-naphthol (m. p. 164°). On reduction with tin 
and hydrochloric acid, this compound is converted into the corresponding amido- 
benzmvidona^phthalene, C'®H^(NH^).NH.COC®H®. The latter crystaJlises from alcohol 
in needles melting at 186°. Its hydrochloride forms fine colourless microscopic needles 
difficultly soluble in water and alcohol. 

^^Nitro-a-benzamidonaphthaleiie^ C*®H®(NO").NH.GOC®H®, crystallises in yellow 
glistening prisms, melting at 175°; it is easily soluble in hot, but difficultly in cold 
■water. It differs considerably from the isomeride in its behavioim on reduction with 
tin and hydrochloric acid, being converted into the hydrochloride of a base of the 
formula (so-called anhydrobenzoyldiamidona/phthadme). Probably tho nitro- 

group is, in the first instance, reduced to the amido-group, the hydrogen-atoms of 
which then unite with the oxyge.i atom of the benzoyl group, forming water, thus : 


NH.CO,C«H“ NH.C.O-H" 






jS-Amido-a-Uenzamidonaplithalene. 


The base in question forms well-defined yellow crystals, melting at 210°, difficultly 
soluble in water, easily in alcohol. It appears to combine directly with amyl iodide. 
The hydrochloride, G^'H^^N^Ol, crystallises in colourless microscopic needles, difficultly 
soluble in water and alcohol. The nitrate, crystallises in long yellow 

needles. 

a^-Linitro-a’benzamidonaphthalene, C^®H®(NO^)^.NH.OOG®B[^, produced on nitrat- 
ing a-henzamidonaphthalene with strong nitric acid, crystallises in small needles 
melting at 252°, difficultly soluble in alcohol, benzene, and chloroform. By recrys- 
tallisation from glacial acetic acid, it is converted into dinitroacetamidonaphthaleno. 
On reduction with tin and hydrochloric acid, it is converted into dimiido'‘OrhQnzamido- 
naphthalene, Ci‘’HXNH-)'^NHGOC«H^ (Ebell). 

Sttocinanddonaphthalem. — See Hanemann {Ber. x. 1713). 

Liamidonaphthalenes. — The properties of the diamidonaphthalenes formed 
on reduction of so-called a- and )8-dinitronaphthalene have been further investigated 
and described by Be Aguiar {Ber, vii. 307). 

According to Beilstein a. Kuhlberg {Liebig's Annalen, clxix. 90), there is a great 
difference in the behaviour of a- and jS-dinitronaphthalene with reducing agents, the 
latter being only slowly acted upon even by tin and hydrochloric acid (comp. Laden- 
burg, Ber. xi. 1651). 

Liicxc^diamidonaphthalene, isomeric with those from the two dinitronaphthalenes, 
has been obtained from a-nitro-a-acetamidonaphthalene by Liebermann a. Bittler 
{Liebig’s Annalen, clxxxiii. 238). To prepare it, the latter compound is treated 
with tin and hydrochloric acid, the dissolved tin is removed by means of hydrogen 
sulphide, &c., and the resulting o.-amido’-a-acetamidonaphthalcne hydrochloride is boiled 
■with a dilute solution of sodium hydrate ; the base then separates as a resin. From 
this product, salts maybe obtained by dissolving it in dilute acid and then precipitating 
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the filtered solution with the concentrated acid. The chloride^ C^°H®(NH®C1)® forma 
small white plates ; on mixing its solution with a dilute solution of potassium di- 
ehromate or chromic acid, a green coloration is produced ; more concentrated solutions 
famish a similarly coloured precipitate. On boiling, the colour disappears, and 
naphthaquinone distils over. When the diamidonaphthalenes from a- and iS-dinitro- 
naphthalene are thus treated, not a trace of quinone is produced. 

o-Diamidonajphthalene may be obtained by precipitating a moderately concentrated 
solution of the iodide with sodium hydrate ; a white precipitate is produced, which 
may be purified by recrystallisation from alcohol or ether. It crystallises from alcohol, 
chloroform, and ether in glistening needles or prisms, which, as a rule, are colourless, 
and sublimes almost without decomposition in white feather- like forms. It melts at 
189'5°. It is somewhat soluble.* in cold, and readily soluble in hot water, and still 
more in alcohol, ether, and chloroform. The dry substance does not alter, even on 
exposure to light. On the addition of ferric chloride to water in which crystals of 
the base are suspended, a blue-violet coloration is produced, and after a time a 
similarly colo^ped precipitate forms. A like coloration results on adding barium 
dioxide and hydrochloric acid, or potassium nitrite and sulphuric acid, to an alcoholic 
solution ; potassium hypochlorite causes a red colouration and precipitate. 

^Biamidonaphthalene may be prepared in a similar manner, but a more concen- 
trated solution of the iodide should be employed, and it is more difficult to purify : 
the precipitate is dissolved in cold strong alcohol, and the solution mixed with double 
the amount of distilled water ; the base then separates out in white needles melting 
at 66*5®. It is more soluble than the a-compound in water, but less soluble in chloro- 
form ; it dissolves in alcohol and ether in all proportions, hut cannot be obtained well 
crystallised from either of these solvents. No characteristic coloration is produced 
on the addition of barium dioxide and hydrochloric acid to the alcoholic solution, the 
liquid being at most slightly blackened ; ferric chloride produces a dark chestnut- 
brown precipitate. 

Both a- and jS-diamidonaphthalene combine readily with oxalic acid. The a-oxalate 
crystallises from water in thin transparent plates ; the ^-oxalate in white glistening 
crystals like those of potassium iodide. The latter appears readily to undergo change, 
and is said by De Aguiar to furnish a substance resembling gold in appearance and 
lustre and of great stability, but the nature of this substance and the method of pre- 
paring it have not been described (comp. Ber. vii. 313). 

The a-diamine is not appreciably acted upon by ethyl oxalate at 100°, but if the 
jS-diamine be heated with 10 pts, of the oxalate in sealed tubes at 100°, a compound 
of the formula is produced, which crystallises from chloroform in magnificent 

red needles like chromic anhydride ; this compound is soluble in water, alcohol, and 
benzene ; it carbonises without melting if heated to 195°. It is regarded by De Aguiar 

>NH.CO >NH.OO 

as ethylna^Uhaleneoxamide, 1 ; the formula | 

\NH.CO \N=:C . OCW 

w'ould, however, appear more probable. 

If a-diamidonaphthalene or one of its salts be submitted to the action of nitrous 
acid or potassium nitrite, a brownish-black flocculent product is obtained. But if a 
solution of the sulphate of the i8-diamine be mixed with a concentrated solution of a 
single molecular proportion of potassium nitrite, a voluminous red precipitate is pro- 
duced, which may be recrystallised from warm benzene, in which it is easily soluble. 
It then forms extremely fine glistening red needles. This product has the composition 
qio 2_7]^3 . properties are altogether different, however, from those of the ordinary 
diazo-derivatives. It is a very stable compound in the free state, and may even be 
partially sublimed; the sublimed substance resembles alizarin in appearance. It 
forms compounds both with acids and with bases, but they are highly unstable, and 
at once decomposed by water. Thus if the moist substance be added to a mixture of 
equal volumes of water and sulphuric acid, a dark wine-red coloured solution is 
obtained which soon deposits long needle-like crystals of the same colour ; the least 
trace of water, however, turns these crystals vermilion-red, the parent substance 
being regenerated. 

According to Ladenburg {Ber. xi. 1650), the )3-diamine alone reacts in the manner 
characteristic of orthodiamido-compoimds with benzoic aldehyde. 

WapbLtliydreneglycol, C^®B[^“(OH)2 (Grimaux, Compt. rend. Ixxv. 351, Ixxvi. 
575 ; Bull. Soc. Chim. [2], xviii. 205 ; xix. 396). The dichlorinated derivative of 
this alcohol is produced by prolonged boiling of naphthalene tetrachloride with water; 
it crystallises from the concentrated solution in brownish granules or crystalline plates, 
but may be rendered colourless by means of animal charcoal. It dissolves in about 
30 pts. of boiling water, but is sparingly soluble in cold water ; alcohol and ether 
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dissolve it readily. It separates from an ethereal solution in hard prisms of con- 
siderable size, melting at 155®~166°. The diacetyl derivative, 0^®H®CP(0C''^H30)2, 
crystallises from ether in plates or short prisms melting at 130®-131° ; the cor- 
responding dihenzoate, C^^HsCPCOO’H^O)", melts at 148®-150®. 

On distillation with hydrochloric acid, dichloronaphthydrene glycol furnishes a 
small amount of a monochloronaphthol, C^®H®C1.0H, crystallising in long fine needles 
melting at 109°. If an aqueous solution be distilled with zinc-dust, a-naphthol is pro- 
duced in accordance with the equation C‘"H®CP(OH)-+ 2H = C^^HhOH + 2HC1 + H^O. 
If heated with 30 pts. of water at 150° for twenty-four hours, it yields a resinous 
product, together with a crystalline substance, which is apparently a-naphthaquinol. 
On oxidation with dilute nitric acid, it is converted into phthalic acid. 

Waplithylpurpurlc Acid, C^H'hT^Ob The salts of this acid are formed in 
precisely the same manner as the corresponding isopurpurates (iii, 433) from the 
potassium salt obtained by the action of potassium cyanide on dinitronaphthol in 
alcoholic solution (Sommaruga, Ber. iv. 94) : 

C'°ff(N02)2.0H + 2HON + H20 = -h CO^ + 

They are dark golden-brown with metallic reflex ; the potassium salt is crystalline ; 
the ‘ acid’ itself cannot be isolated. On oxidation with nitric acid, they yield a 
mixture of mono- and dinitronaphthol ; when heated with potassic hydrate they form 
hemimellithic, phthalic, and benzoic acid. 

If, in preparing potassium naphthylpurpurate, aqueous solutions be employed 
instead of alcoholic, a second body, so-called indo^han, C--H^°]Sr'‘0^ is also obtained. 
To prepare this compound, about 30 grams of dinitronaphthol are added to about 2 
litres of water, and sufficient ammonia mixed with the boiling liquid to dissolve the 
dinitronaphthol. A hot concentrated solution of 45 grams pure potassium cyanide is 
then added. The reaction is complete within about ten minutes. The whole is then 
placed on a good filter, and the solid residue washed with boiling water until the 
liquid runs through colourless. The product is a mixture of indophan with its potas- 
sium derivative. After further prolonged washing with boiling water, it is removed 
from the filter and heated with very dilute hydrochloric acid, again filtered and 
washed until the filtrate no longer contains chlorine. If it he desired to prepare the 
potassium derivative, the crude product is heated with potassic hydrate solution, 
filtered, and then washed until freed from alkali. 

Indophan is a violet-coloured powder with a green metallic lustre. It is insoluble 
in the ordinary solvents, but moderately soluble in sulphuric or warm glacial acetic 
acid ; it does not crystallise from these solutions, however ; and, unlike indigo, cannot 
be sublimed. It is oxidised by nitric acid, but cannot be reduced by ferrous sulphate 
and lime. It yields the same products as naphthylpurpurie acid on fusion with potassic 
hydrate. The potassium aud sodium derivatives, which closely resemble indigo in 
outward appearance, contain only a single atom of metal. 


Constitution op Kaphthalenb and its Derivatives. 

The adaptability of the formula originally proposed for naphthalene by Erlenmeyer 
in 1866 {Liebig’s Amalen, cxxxvii. 346), but first established on the basis of experi- 
mental evidence by Graebe in 1869 (vi. 212), has been entirely confirmed by all recent 
researches (comp. Ladenburg, Ber. vii. 1137). Wreden, however, has proposed {ibid, 
ix. 590) the following as a substitute for the Erlonmeyer-Grraebe formula : 


H 

0 



H 


but there does not appear to be the slightest experimental evidence to justify the use 
of this symbol. 

In discussing the constitution of the naphthalene derivatives, it is convenient, as 
in the case of the benzene derivatives, to disregard the mode of union of the carbon 
atoms, and merely to employ a double hexagon as the symbol of naphthalene, number- 
ing the ‘ positions ’ in the one hexagon 1, 2, 3, and 4, and the corresponding ‘ positions 
in the other hexagon 1', 2', 3', and 4', thus : 
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4 ' 4 


The data as yet accumulated are not sufficient to furnish a complete solution of 
the problem of the constitution of the naphthalene derivatives, but they are sufficient 
for the preliminary discussion of the problem and well worthy of consideration in 
detail. 

On reference to the naphthalene symbol, it will be obvious that two, but only two, 
mono-derivatives are possible, viz. : one formed by the displacement of the hydrogen 
atoms in the positions 1,4, 1' or 4', the other formed by the displacement of those in 
the positions 2, 3, 2" or 3'. Also that two, but only two, ‘ symmetrical ’ di-derivatives 
are possible, in which the positions 1 : 4' ( = 1' : 4) or 2 : 3' (-2' : 3) are occupied ; 
in like manner, tnere may be two symmetrical tetra-derivatives. 

The two isomeric (a and )3) naphthalenesulphonie acids, formed simultaneously by 
the action of sulphuric acid on naphthalene, are respectively representative of these 
two kinds of mono-derivatives. 

Ordinary nitronaphthalene and the amidonaphthalene (naphthylamine) derived 
from it, a-naphthol, a-cyanonaphthalene, the bromonaphthalene formed by the direct 
action of bromine on naphthalene and a-naphthoic or naphthalene-a-carboxylie acid 
are all to be regarded as members of the same series of mono-derivatives as the so- 
called naphbhalene-a-sulphonic acid : since a-naphthol is obtained by directly displacing 
the sulpho-group in this acid by the group OH ; since a-naphthol may be formed by 
Griess’s method from amidonaphthalene (naphthylamine) ; and since naphthalene-a- 
carboxylic acid may be obtained on the one hand from the cyanonaphthalene derived 
from the a-sulphonic acid, and on the other from ordinary bromonaphthalene by the 
combined action of sodium and ethyl cbloroformate, Cl.COOC^H® (Eghis). Ordinary 
chloronaphthalene is doubtless also an a-derivative, as it corresponds in all particulars 
to ordinary bromonaphthalene. 

Naphthalene-^-sulphonic acid is the only j3-derivative as yet obtained by a direct 
process from naphthalene. To it correspond jS-naphthol, j8-cyanonaphthalene, naph- 
thalene- j8-carboxylic acid, i8-naphthylamine, and the chloro- and bromonaphthalene 
formed from this latter by Griess’s method. 

The positions 1,4, V and 4' in the naphthalene symbol are to be regarded as 
a-positions, i.e. it is by the displacement of a hydrogen atom in one of these positions 
that the a-mono-derivatives are formed, and the positions 2, 3, 2' and 3' are to be 
regarded as jl3-positions. The evidence on which these two propositions are based is 
briefly as follows : 

Supposing any di-derivative of naphthalene in which both the radicles substituted 
for hydrogen are in the same hexagon^ and in which hath radicles are either in a-posi- 
tions or in ^-positions, be taken and the relative positions of these two radicles be 
determined, then, if the two radicles be found to occupy the relative positions 1 : 2, it 
follows that the hydrogen atom in the positions marked 2 and 3 in the above symbol have 
been displaced ; while if they occupy the relative positions 1 : 4, those marked 1 and 
4 in the symbol have been displaced. How Liebermann a. Dittler have shown 
{Liebig's Annalen, clxxxiii. 228) that by nitrating acetamidonaphthalene (acenaph- 
thalid), C^®H’'.NH(C^H®0), prepared from ordinary or a-amidonaphthalene, then 
converting the acetamidonitronaphthalene, which is the chief product of the reaction 
(comp. p. 1371), into amidonitronaphthalene, and displacing the amido-group in this 
latter by hydrogen by Griess’s method, a nitronaphthalene is obtained in all respects 
identical with ordinary or a-nitronaphthalene ; in other words, both radicles in the 
acetamidonitronaphthalene in question occupy a-positions. By reducing the same 
acetamidonitronaphthalene, then converting the resulting acetamidoamidonaphthalene 
into diamidonaphthalene, C^®H®(NH2)2, and oxidising this latter, naphthaquinone, 
C*°H®(0“), is produced : hence each of the oxygen-atoms in naphthaquinone is in the 
a-position, and as naphthaquinone yields phthalic acid on oxidation, the substituting 
radicles in the various derivatives referred to are in the one hexagon. There can be 
little doubt, from the complete similarity of their properties, that naphthaquinone 
and benzoquinone are similarly constituted : and since it has been shown that the 
oxygen-atoms in the latter occupy relatively the positions 1 : 4, it is in the highest 
degree probable that naphthoquinone is also a 1 : 4 derivative. If this deduction be 
accepted, it necessarily follows that the positions 1, 4 and also those marked 1' 4' in 
the naphthalene symbol are a-positions ; and therefore that the positions 2, 3 and 2' 3' 
are i3-positions, thus : 
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1 ' 1 

4' 4 


a * a 

"\/v^ 

a a. 


But, as Eeverdin a. Eolting have pointed out (Ber. xiii. 36), the force of this argument 
is somewhat diminished by the fact that two naphthaquinones are known. The 
following argument which these chemists have brought forward is, however, perfectly 
conclusive. Obviously only two isomeric nitrophthalic acids are possible, viz. : 


NO* 

/\oOOH 

NO*j/\cOOH 

s^^COOH 

^ II. 


Two such acids have actually been prepared, both being formed on nitration of 
phthalie acid (Miller, Ber, xi. 1191); they melt respectively at 212° and 165°. 
Now, Miller has shown that the modification which melts at 165° is convertible 
into a hydroxyphthalic acid which Schall has proved to have the constitution 
OH : COOH : COOH= 1:3:4; hence it follows that the nitrophthalic acid melting 
at 212° is represented by fig. I., and that melting at 165° by fig. II., and since the 
former may be obtained by oxidation of nitronaphthalene (Beilstein a. Kurbatow, 
Ber. xii. 688), which is an a-derivative, it follows that the a-position in the symbol 
of naphthalene is the position next the carbon atom common to the two hexagons. 

Co7istitution of the Ealoid-derivatives of Naiphthalcne. CMoronaphthalcnes. — The 
dichloronaphthalene melting at 68° (so-called /3), obtained from naphthalene tetra- 
chloride, undoubtedly contains both chlorine atoms in the same C®-gpoup in the relative 
positions 1 : 4, since it maybe obtained from a-nitro-a-naphthol and yields a dichloro- 
phthalic acid on oxidation. The isomeric dichloronaphthalene (m. p. 35°, so-called a-) 
obtained from the same tetrachloride, is perhaps the 0-1 : 3 modification, for, from 
the general behaviour of naphthalene, it might be expected that this modification, 
rather than the isomeric 0-2 : 3 dichloronaphthalene, would be formed by the 
removal of the elements of two molecules of hydrogen chloride from the tetrachloride, 
which it is obvious may furnish three dichloronaphthalones. If, however, tho dibro- 
monaphthalcne obtained by Meldola is isomeric with that of J olin, it is more proba- 
ble that it is the 0 — 2:3 modification: 


HOI 

Cl 

01 

/\/\ci 





Naphthalene 

tetrachloride. 

0-1 : 4 (|3) Dichloro- 
naphthalene. 

0- 1 : 3 (? a) Dichloro- 
naphthalene. 

0-2 : 3 Dichloro- 
naphthalene, 


The dichloronaphthalene melting at 107^ (so-called 7) is shown, by its behaviour 
on oxidation, to contain the chlorine atoms in different C'^-groups ; both chlorine-atoms, 
however, are in a-positions, since it may be obtained both from nitronaphthalene*a- 
sulphonic acid and from a-nitronaphthalenesulphonic acid. Both )8- and 7-dichloro- 
naphthalene, however, may be converted into so-called 6-trichloronaphthalene by 
distilling their mono-nitro-derivatives with POP ; and hence it follows that the three 
chlorine-atoms in 5-triehloronaphthalene are all in a-positions. But 5-trichloronaph- 
thalene is also obtained on treatment of jS-dinitronaphthalene with POP, so that 
indirectly it may be said to be formed by further chlorination of f-dichloronaphthalene 
(m. P- 83°), as this latter is produced on simply displacing the nitro-gi’oups in 
j8-dinitronaphthalene by chlorine ; hence ^-dichloronaphthalene is also an aa-derivative 
(Atterberg). But if i8-dichloronaphthalene be the 0-1 : 4 modification, 7-dichloro- 


C1 Cl 

/\/\ 




Cl 

/\/\ 



01 




i-Trichloronaphtlialene. j5-DicWoronaphthnJene. y- and ^-Dichloronaphthalene. 
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naphtlialene must be the 1-4", and f-dichloronaphthalene the 1- 1" modification, or 
vice mrsd. 

It is most probable that the 7-modification is the 1—4" compoimd, as it is derived 
from the dinitronaphthaleue which is the chief product of the action of nitric acid on 
naphthalene, it being apparently the tendency in the naphthalene series for the more 
symmetrically constituted compound {i.e. the more symmetrical as far as the symbol is 
concerned) to be formed in preference. The difference in the behaviour of the 
diamidonaphthalenes obtained from a- and /S-dinitronaphthalene also tends to support 
this conclusion. 

The above conclusions derive further support from the following considerations. 
By submitting nitro-7-dichloronaphthalene to reduction, an amidoehloronaphthalene 
is obtained which necessarily corresponds either to jS- or C-dichloronaphthalene, since 
the nitro-derivative in question is convertible into S-trichloronaphthalene. It is 
isomeric, however, with the amidoehloronaphthalene (m, p. 85°) which corresponds to 
the former, and therefore corresponds to the latter, which may, in fact, actually be 
obtained from it by Griess’s method (Atterberg). 

The existence* of three dichloronaphthalenes having their chlorine-atoms all in 
a-positions is also a proof of the existence of four a-positions in naphthalene. Chlorine 
and the nitro-group respectively occupy the same position in chloronaphthalene and 
nitronaphthalene, since the latter may be directly converted into the former by dis- 
placement of the NO^-group by Cl. But, on the one hand, chloronaphthfilene yields 
a nitro-derivative which is directly convertible into ^-dichloronaphthalene. Nitro- 
naphthalene, on the other hand, is convertible into two isomeric dinitronaphthalenes, 
corresponding respectively to 7- and C“<lichloronaphthalene. Hence 7- and C" 
dichloronaphthalene each contain an atom of chlorine in the same position as the NO^ 
group in nitronaphthalene ; but the second chlorine-atom must occupy a different 
position in each relatively to the first, otherwise they would not be isomeric : con- 
sequently there must be at least four a-positions in naphthalene (Atterberg). 

The constitution of the remaining dichloronaphthalenes cannot at present be con- 
jectured with any great degree of certainty. The oj-modification (m. p. 48°) is not 
improbably a 2 — 1' or 2 — 4' derivative, as it is derived from naphthalene-^-sulphonie 
acid, and it is probable from the behaviour of the a-sulphonie acid on nitration that 
the nitro-group in the nitro-Q-sulphonic acid occupies an a-position in the 0®-group 
which is not occupied by the sulpho-group. 

5- and e-dichloronaphthalenes, which are derived from the isomeric naphthalene- 
disulphonic acids, are probably, one or both, /3i8-derivatives. Both probably are 
derived from the i3-monosulphonic acid ; but supposing this to be the case, and that 
the j8“disulphonic acid contains both sulpho-groups in i8-positions, there are still three 
formulae which may be applied to it, viz. : 



I. II. in. 


According to Ebert a. Merz, the naptholsulphonic acid formed on fusing the ^-disulpho- 
nate with potassium hydrate is identical with that produced from ^-naphthol and sul- 
phuric acid ; if this be the case, the first of the above formulae would appear to be the 
most probable, for as the action of sulphuric acid and bromine on the phenols is similar in 
so far as the constitution of the resulting compounds is concerned, as 8-naphthol yields 
a bromo-derivative in which both bromine and the OH-group are in the same C®- 
group (Smith), it is probable that the sulpho-acid derived from ^-naphtliol would 
contain both the OH- and the sulpho-group in the same C®-group. If, however, the 
jS-disulpho acid were thus constituted, the dicarboxylic acid derived from it should 
be identical with naphthopthalic acid, C*®H®(COOH)^, which is not the case. ^ It is 
therefore a question whether the naphtholsulphonic acid from the ^-disulphonic acid 
and that from jB-naphthol are identical, as Ebert a. Merz have stated, or whether 
isomeric change does not take place in some of the reactions above referred to. The 
fact that it is the C®-group which does not contain the sulpho-group that is attacked 
when naphthalene-a- and jS-sulphonic chlorides are submitted to the action pf chlorine, 
or when naphthalene-a-sulphonic acid is treated with nitric acid, renders it probable 
that the naphthalenedisulphonic acids also contain the sulpho-groups in distinct 
hexagons, and such a conclusion would appear to harmonise well with their general 
behaviour and that of the compounds derived from them. On this assumption, tlie 
second and third of the formulae given above are the most probable expressions of the 
constitution of the a- and i3-disuiphonic acids respectively. 

voL. vm. 4 u 
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o-TricUoronaplithalene is perhaps the 0 — 1 ! 2 : 4 modification, as it yields a 
nitrotrichlorophthalic acid on oxidation with nitric acid (Widmann). S-Trichloro- 
naphthalene, as already pointed out, is a 1:4 — 1 ' derivative. and 7 -Trichloro- 
naphthalene are probably both derived from the same nitronaphthalene tetrachloride, 
and, supposing this to be the case, there are only two formulse which can be assigned 
to them, since the third modification which can be formed from such a tetrachloride is 
a body of the formula of 5-trichloronaphthalene, thus : 


HCl NO® Cl 01 Cl Cl Cl 



/X/X 

ci/X/X. 



\A/ 

01 


"\J\y 

Nitronapfittialene 

tetracliloride. 

S-Trictiloronaplithalene. 


«r 


The jS-compound is not improbably the 1 — 1 ' : 3, and the 7 -compound the 1 — 2' ; 3' 
modification. f-Triehloronaphthalene being formed by a reaction similar to that by 
which the 7 -compound is produced, excepting that the jS- instead of the a-sulphonie 
chloride is employed, may be regarded as the 2 — 2' ; 3' modification. 

From the manner in which they are formed, and from their behaviour with nitric 
acid, it may be suggested as more or less probable that the remaining chloronaphtha- 
lenes are bodies of the following constitution : 


a-Tetraehloronaphthalene, m, 


7 >» 


a-Pentachloronaphthaleiie, ,j 

^ I) ♦ 


1 : 4 - 2' : S' 

1 - 2' : 3' : 4' 
1 : 4 - 1 ' : 3 ' 

1 - 1 ' : 2 ' : 4' 

1:4-1': 4' 

1 - 1' : 2' : 3' 
i : 4 - r : 2' : 4 ' 


4 ' 


Bromonaphthcdenes. — It is to be supposed that these correspond in constitution with 
the chloronaphthalenes prepared by similar methods. According to Guareschi, how- 
ever {Gass, cUm, ital, vii. 24), the dibromonaphthalene melting at 81° (that termed 
iS-dibromonaphthalene by Jolin) yields a bromophthalic acid on oxidation with nitric 
acid, and Meldola finds that the same acid is obtained by reducing the mononitro- 
derivative of the dibromonaphthalene in question and oxidising the product {Ber, 
xii. 1963). This result, as the latter points out, appears to indicate that the bromine- 
atoms in / 8 -dibromonaphthalene are not both in the same C'^-group. Its production 
from nitro-a-bromonaphthalene and from a-bromonaphthalenesulphonic acid, and the 
fact that the latter acid is converted into jS-dichloronaphthalene when distilled with 
POP (Jolin), seem, however, to negative this assumption. 

Nitrona'pMJialeom and MtTochlorona^hthalenes, — The conversion of the two 
dinitronaphthalenes produced by nitration of naphthalene into 7 - and C-dichloro- 
naphthalene would appear to indicate that the so-called a-compound is the 1 — 4 ', and 
the jS-compound the 1 — 1 ' modification. The third isomeride obtained by Lieberraann 
a, Hammerscblag is undoubtedly the 0 — 1:3 modification. 

The constitution of the nitroehloronaphthalenes may be inferred from that of the 
chloronaphthalenes into which they are converted on distillation with PUP, of course 
only in so far as these latter are bodies of known constitution. 

Constiiiction of the a-Najphthol and a-Naphthylamine derivatives. — The researches 
of Liebermann and his pupils more especially leave no doubt that these compounds 
behave as the corresponding mono-derivatives of benzene, phenol and aniline. Thus 
both furnish two isomeric mono-derivatives, that produced in largest amount being 
formed by the displacement of an atom of hydrogen in the para-position relatively to 
the OH or NH® group (or rather to the NH.CWO group, since in most cases ace- 
naphthalid and not naphthylamine is employed ) ; and although it has not yet been 
directly proved, it can scarcely be doubted, that the isomeride which is formed at the 
same time contains the displacing radicle in the ortho-position relatively to the OH 
or NH^ group. Both of these mono-derivatives furnish the same di-derivative when 
further acted upon, but the remaining hydrogen-atom, occupying the meta-position, 
resists displacement, and under what may be termed ordinary conditions di-derivatives 
only are obtained. 

At present nothing is known of the laws which govern substitution in the case of 
the i3-mono-derivatives of naphthalene. H, E, A, 
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M'AX»HTHYZiA»XX3fi:s. See Naphthalenes, Amido- (p. 1369). 

WAPKTKYX.-KETOK'SS. See Kjestones (p. 1156). 

XJAUCBXZO'Xi, G*®H2®]SrO°. This base dissolves sparingly in water, very easily 
in potash and in ammonia, and crystallises from aqueous solution with 2 mol. 
water, which are easily given off at 100°. At 140° another molecule of water is 
evolved, and the fused residue dissolves with moderate facility in dilute hydrochloric 
acid, forming a solution from which ammonia throws down amorphous flocks. The 
reaction, which takes place according to the equation = H^O + 

yields probably four, and certainly three, products, of which all but one (i.e, three or 
two respectively) are amorphous and basic ; the remaining substance, especially in 
alcoholic solution, gives a splendid blue colour with ferric chloride, but does not con- 
sist of gallic acid (0. Hesse, Lent. Ohem, Ges. Ber. vii. 105). 

Narceine, treated with sioic and kydroehlorie acid, is converted into a base, 
G-^H-“NO®, or G-’^H'^'NO®, which is amorphous, and forms amorphous salts (Beckett a. 
Wright, Chem. Soc. J. xsviii. 629). 

Acetic anhydride appears to exert a dehydrating action on narceine. In two 
experiments, in 'f?»hich a distinct odour of nitrous acid was perceived and red fumes 
were given off, two bases soluble in ether were produced, one crystallised, 
the other amorphous, G^^H'^^^NO® (Beckett a. Wright). 

When narceine is heated to 140°-150° for fifteen to twenty hours with water in a 
sealed tube, it chars and becomes decomposed, but does not form either me coni n, 
opianic acid, or hemipinic acid, or any solid base soluble in ether ; a trace of methyl- 
amine is however produced. 

Narceine, oxidised by potassium dichromate and sxdfhuric acid, gives off carbon 
dioxide, and yields about 1 0 p. c. of hemipinic acid and methylamine ; with ferric 
chloride, considerable quantities of hemipinic but no opianic acid. Hemipinic acid is 
also produced, though in smaller quantity, by the action of sulphuric acid and man- 
ganese dioxide, or of potassium permanganate, on the aqueous solution of narceine. 

Dilute solutions of potassium hydroxide and potassium carbonate act on narceine 
in such a manner as to form ammonia and trimethylamine, but no pyridine or 
allied volatile bases ; also small quantities of an acid which is easily soluble in ether 
and in hot alcohol, sparingly soluble in water, and forms small white crystals melting 
at 210°. This acid has approximately the composition C-®H''^®NO®, and its formation 
from narceine may be represented by the equation G“®H'‘^NO®— H'^O — 2H2 = C®®H-®NO®. 
By fusion with potash, it yields an acid exhibiting all the reactions ofprotocatechuic 
acid, which latter is also formed, and in considerable quantity, when narceine is 
heated to 230°~240° with potassium hydroxide, methylnormeconin being formed 
as an intermediate product. 

These results lead to the representation of narceine by the formula : 

(C>»H“NO‘).OO.C»ff |®Q 

differing from that of oxynarcotine (p. 1383) only in the character of its nitrogenous 
radicle. 

Hydrochlorides (A. Petit, Bull. Soc. Chim. [2], xviii. 634). — Narceine hydro- 
chloride, as met with in commerce, contains a variable quantity of hydrochloric acid 
associated with the base. When narceine is dissolved in excess of acid, and the whole 
evaporated to dryness, the hydrochloric acid retained is smaller in quantity the longer 
the evaporation has been continued ; if the base is dissolved in just sufficient acid, 
the solution does not deposit crystals if more water than 50 parts to 1_ of narceine be 
present ; with 25 to 1, crystals are deposited, the formula of which is 2(N.HGl).6H20 ,* * 
if 1 part of narceine be dissolved in 70 parts of dilute acid containing 3 grams to the 
li^re mixed with 30 of water, crystals form on cooling, which have the composition 
5N.HC1; whilst if 30 of this acid and 70 of water be employed, the crystals are 
lOiS'.HCl. This latter product is also obtained by the action of water on either of 
the hydrochlorides, 2(5i.HCl).6H20, or Sl^.HGl. 


Narceine dissolves in 

769 parts of water 

if + HCl „ 

277 

9* 

S + 2HC1 „ 

150 

99 

+ 3HC1 „ 

130 


+ 4Hca 

60 

99 


Wright {Chem. Soc. J. xxvii. 109) finds that narceine hydrochloride, obtained 
from a solution containing 8 to 1 0 mols. hydrochloric acid to 1 mol. narceine, which 

* S = 

4 tr 2 
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gives off water of crystallisation when heated to 100®, hut recovers it over sulphuric 
acid— contains altogether a proportion of water larger than that assigned to it by 
Petit (2^H^O=:=8‘26 p. c., and 3H-pt=9-75 p. c.) Py cooling a solution of S'.HCl in 
50 pts. water, a crystalline salt, 6N.HC1, was obtained, which, when treated with cold 
water, finally retained 0*76 p. c. chlorine, answering to Petit’s compound lON.HCl, 
this quantity, however, being reduced by further digestion to 0*4 p. c. The last portion 
of chlorine could not be removed, even by precipitation with alkali and repeated crys- 
tallisation. When, however, narceine hydrocliloride was boiled with strong hydro- 
chloric acid, no compound was formed analogous to chlorocodide (vi. 480), but — 
according to the equation C-^H^^NO^.HOl =* H-O-i-C-^H^’NO^.HCl, — the hydrochloride 
of a new base, which is amorphous, slightly soluble in ether, easily in alkalis and 
alkaline carbonates. Its salts give with ferric chloride a dark blue-violet colour, 
afterwards turning brownish, and with potassium chromate and sulphuric acid, a 
reddish-violet colour. 

Sulphates (Beckett a. Wright, loc. cU .) — The small quantity of chlorine which 
adheres so obstinately to narceine precipitated from the hydrochloride, is completely 
removed by solution in hot dilute sulphuric acid (8-10 p. c.) and rep^eated crystallisa- 
tion of the resulting sulphate. The crystals thus purified, then drenched with fifty 
times their volume of water, and washed with alcohol and ether, have the composition 
7C^H2®N0®.4S0‘‘H2+ lOH'O. This salt crystallised from a warm mixture of sulphuiic 
acid and water in equal volumes, yields crystals having the composition of a bibasic 
sulphate; and by repeatedly crystallising the first-descnoed salt from a large quantity 
of water, products more and more basic are obtained containing 3, 4, and 5 mols. 
narceine to 1 mol. SO^H^ The narceine sulphates arc distinguished from the hydro- 
chlorides — which they otherwise closely resemble — by the fact that they are completely 
decomposed by solution of sodium carbonate, and yield the free base perfectly pure, 
^Narceine Ethiodide, prepared like the corresponding mor- 

phine and narcotine-compounds, maybe obtained by evaporating the produetto dryness 
and dissolving the amorphous residue in absolute alcohol, in granular crystals, which, 
when dried at 100®, have the composition The mother-liquor, though 

no longer crystallisable, has the same composition. By exposure to air and light, the 
compound is ultimately converted into a blue substance resembling iodide of starch. 
From solution in ten times its volume of boiling alcohol of 90 p. c., the ethiodide 
separates on cooling quite unaltered, and in combination with 2 mols. water of crys- 
tallisation. Treated in alcoholic solution with moist silver oxide, it yields an alkaline 
liquid having the composition which however decomposes partially, 

even on spontaneous evaporation, into narceine and alcohol. A platinum salt prepared 
from it showed an amount of platinum approaching very nearly to that of tho platiuo- 
chloride of narceine. 

On the whole, therefore, it seems that while narceine ethiodide is more stable than 
the salts of narceine with inorganic acids, the addition-derivatives of narceine, as a 
class, seem to be marked by a tendency to break up into narceine and the additive- 
substance employed. An analogous behaviour is also characteristic of narcotine; 
indeed it is probable that there is some constitutional similarity between those two 
bases, as each of them may be made to yield derivatives of protocateebuie acid 
(Beckett a. Wright, Ckem. Sog. J, xxviii. 703). 

SfARCOTIKTE, Narcotine heated on tho water-bath with excess of 

dilute sulphuric acid (equal volumes of H"0 and ITASO') is converted into dimethy 1- 
n ornar c otin e (vi. 863), according to tho equation 

C^W^NO^ + H'SO^ = -f (CH«)HSOb 

The methylsulphuric acid formed at the same time is further resolved into sulphuric 
acid and methyl alcohol. The reaction takes place exactly in the manner above 
represented, if the heating be interrupted as soon as the mass becomes flesh-coloured. 
By further heating, a second, and perhaps also a third atom of methyl may be removed 
from the narcotine, but the product is always impure (Armstrong, Chem. Soc. J. 
xxiv. 56). 

On the action of hydrogen sulphide on nareotine in alcoholic solution, see 
Alkaloids (p. 56). 


Hydrochloride of Narcotine, like the corresponding narceine salt (p. 1379), becomes 
more basic the oftener it is recrystallised from hot water, the salts HCl 

7C'^®3N0^HC1, and SC^^H'^^nO^HCI, being formed in succession (Beckett a. Weight, 
Chem, Soc, J, xxix. 164). ^ ^ ' 
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Oxidation-jproducts of Narcotine, 

Cotamine, and Kydrocotarnine, (Beckett a. Wright, 

Chem. Soo. J. 1875, 673-585 ; 1876, i. 164-174, 281-309, and 461-474). Ootarnine 
prepared by oxidising narcotine with sulphuric acid and manganese dioxide, melted at 
120°, and when crystallised from benzene was found to have exactly the composition 
the molecule of water not being separable without simultaneous de- 
composition of the base. The 'platinochloride, (C^-iIi5KO®.HCl)2PtCl^, may however 
be obtained anhydrous by prolonged desiccation over sulphuric acid. 

Hydro cotar nine, first obtained by Hesse from the mother-liquors of the pre- 
paration of morphine by the Eobertson- Gregory process (vii. 876), is also formed by 
the action of granulated zinc on cotarnine dissolved in dilute hydrochloric acid, the 
reaction being continued for several days, and the liquid all the time being kept 
slightly acid. The kydrocotarnine may then be separated by addition of excess of 
ammonia, and agitation with ether, from which it crystallises in prisms often an iLoh 
long. It dissolves easily also in alcohol and in benzene ; melts at 55° when pure, at 
lower temperatures when impure (50° according to Hesse) ; gives off water of crystal- 
lisation at 60°, and then does not solidify till after some time. The base prepared as 
above gave with sulphuric acid the dirty red-violet coloration described by Hesse. Its 
solution in hydrochloric acid yielded on evaporation over sulphuric acid crystals having 
the composition C^^H^*H0®.HCl + H-0. Hesse found 1^H~0, probably because the 
last portions of water are somewhat obstinately retained, ”and can be driven off only by 
reducing the salt to fine powder and leaving it to stand for some time. 

Hydrocotai’nine may be prepared from ail the solutions obtained in the purification 
of cotarnine, and directly from the crude cotarnine-solution filtered from the crystals 
of opianic acid formed at the same time. It is also formed, to the amount of 2 to 5 
per cent., in the oxidation of narcotine : hence Eeckc-tt a. Wright regard it as an 
original product of the decomposition of narcotine, which is for the most part con- 
verted, by further oxidation, into cotarnine. It may in fact be converted into cotarnine 
by the action of ferric chloride, of potassium di chromate and sulphuric acid, or of 
manganese dioxide and sulphuric acid, the cotarnine obtained with the first of these 
reagents being very nearly pure. 

Narcotine treated with sine and dilute hydrochloric acid is completely converted 
into kydrocotarnine (m, p. 54°*5) and meconin, without any formation of opianic 
acid. Narcotine heated to boiling with a quantity of haryta-water sufficient to form a 
clear solution, gave off methylamine, and the solution was found to contain meconin, 
but no cotarnine, kydrocotarnine, or opianic acid. When narcotine was heated with 
water in sealed tubes to 140°-150°, kydrocotarnine in small quantity could be detected 
if the heating had been continued only for 6 or 7 hours, but not a trace when the heating 
was prolonged for 21 to 28 hours. In the latter case 20 per cent, of meconin was 
obtained, and a smaller quantity after heating for a shorter time. 

From these results Beckett a. Wright infer that the older equations 
C--H23NO’' = C^oHioQ^ -i- C^^HisNC^ 

Narcotine. Meconin. Cotarnine. 

2CioH^° 0‘‘ + 02 = 2C»»Hi®0» 

Meconin. Opianic acid. 

do not explain with sufficient simplicity the facts hitherto known, but that a much 
more satisfactory explanation is afforded by the equations proposed by Hesse, viz. : 

Q22B[23NO’^ + H^O = C^®H1“05 + G^2B;15]j5-03 
Narcotine. Opianic acid. Hydrocotarnine. 

2C12H'5N02 -h 02 = 2H20 + 

Hydrocotarnine. Gotamine. 

The fact that Anderson, by acting on narcotine with nitric acid, obtained meconin, 
may be reconciled with the results above stated, if it be supposed that the meconin 
was formed from opianic acid, a reaction indeed actually observed by Matthiessen a. 
Foster : 

20ioHi<’ 0* == Ci^H^^O* + G^offoO® 

Opianic Meconin. Hemipinic 

acid. acid. 

Eydrocotarnine Ethiodide, Gi2j0[i5NO2.G2H®I, is formed by heating hydrocotarnine 
to 100° with excess of ethyl iodide and absolute alcohol, and crystallises Trom alcoholic 
solution on cooling in anhydrous white micaceous plates slightly soluble in water, 
more freely in alcohol, especially at the boiling heat. When agitated with water and 
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silver oxide, it yields an alkaline liquid which precipitates metallic salts, especi- 
ally those of mercury and silver, rapidly absorbs carbonic acid from the air, and 
then yields on evaporation crystals of hydrocotarnine ethy Icarbonate, 
+ 4H-0, which are soluble in water and in alcohol, but not in 

ether. 

The ethiodide, agitated with water and recently precipitated silver chloride, is 
converted into the ethyloehloride, C^-H^^NO‘*.C'‘‘H^01, which forms feathery 
crystals, melts at 100° to a vitreous mass solidifying in the crystalline form on cool- 
ing, and yields a platinochloride, (C^2H^®NO^.C"H®Cl)-PtOrh Tho ethiodide is not 
altered by heating with excess of ethyl iodide. 

Narcotine, heated as above with ethyl iodide and absolute alcohol, yields an amor- 
phous, easily decomposible ethiodide, convertible like the preceding 

into chlorine- and hydroxyl-compounds, which are also easily decomposible. 

Cotamine forms an amorphous very hygroscopic ethiodide, convertible into an 
amorphous hydroxyl-derivative. The corresponding ethyloehloride and platinum salt 
are likewise amorphous. ^ ^ r 

Acetic anhydride does not act upon either narcotine, cotarnine, or hydrocotarnine. 

Bromine-derivatives of Cotarnine and Hydrocotarnine (Wright, Chem. 
Soo. J. xxxii. 525). — Hydrocotarnine hydrobromide treated with bromine yields the 
following products of decomposition : — 

1. Ci2Hi5N03.HBr + Br^ = HBr + Oi^Hi'^BrNOs.HBr 

Brornhydrocotarnme 

nydrobromide. 

2, C'2Hi4BrN03.HBr + Br^ = 2HBr + C'^H'^BrNO^.HBr 

Bromocotarniue 

liydrobroiaido. 

3. O'^Hi^BrNO^.HBr + Br^ = 

Tribromhydrocotarnino 

hydi-obromido. 

The formation of the first two of these bodies is preceded by that of the unstable 
addition-products, C^^H^®Br-NO''*.HBr and G^^H^‘Br*NO*hHBr. Tho third addition- 
product, tribromhydrocotarnine hydrobromide, forms well-defined permanent crystals. 

Bromhydrocotarniiie and bromocotarnine are similar in their general properties to 
hydrocotarnine and cotarnine respectively. The former is anhydrous, and molts at 
76°; the latter has the composition G^-H'^BrNO^-bH'^O, and gives off its Water at 
100° with decomposition. Its hydrohromide, G^-H^'*BrNO^.HBr + H‘“0, crystallises 
well, and dissolves easily in water. The hydrohromide of bromhydrocotarnine is an- 
hydrous and sparingly soluble in water. 

When bromocotarnine hydrobromide is heated above 200° it melts, gives off 
hydrogen bromide, and a combustible vapour (probably GH“Br), and forms a small 
quantity of the bromide of a new base, G”H®NO^, called tarconine, together with an 
indigo-blue substance which is the hydrohromide of the base .Those two 

bases and their .salts are insoluble in water, ether, alcohol, benzene, carbon sulphide, 
and petroleum, slightly soluble at the boiling heat in aniline and glacial acetic acid, 
with which they form dark bine solutions. Strong sulphuric acid dissolves them, 
forming with the latter the sulphate (C“®H^‘N^O®)‘H-SO‘^, the solution of which has a 
colour like that of magenta, equally beautiful and possessing great tinctorial power. 

Tribromhydrocotarnine Hydrohromide melts at 200°, and is at tho same time 
resolved into hydrogen bromide, methyl bromide, and hromotarconino hydrohromide, as 
shown by the equation 

Gi2Hi2Br3KO^HBr = HBr + CH^Br + C^'HsBrNO^HBr. 

Bromo tarconine forms slender scarlet crystals, G^^H®Br]SrO®.2H-0, which when 
heated to 100° give off their water and assume a crimson colour, and retain that 
colour if immediately recrystallised from perfectly anhydrous alcohol, but crj^stallise 
out with scarlet colour if the slightest trace of moisture is present. The salts of 
bromotarconine have a faint-yellow colour, crystallise well, and dissolve sparingly in 
cold water. The hydrobromide and hydrochloride crystallise each with 2H-0. 

Cotarnine Hydrohromide, C^2H’®NO®.HBr-F2H20, is very soluble in water, and 
forms with bromine the addition-product, dihromhydrohromocotarnine hydrohromide, 
C^^H^^Br^NO^.HBr, which, when further treated with bromine, yields tribromo- 
cotarnine hydrobromide identical with that which is formed from hydrocotarnine. By 
the action of water, dibromhydrocotarnme hydrohromide is resolved into hydrobromic 
acid and bromocotarnine hydrobromide. Bromocotarnine treated with zinc and 
hydrochloric acid takes up 2 at. hydrogen and is converted into bromhydrocotarnine, 
identical with that which is formed from hydrocotarnine. 
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Oxynarcotine,0“ff’N0» = N^0 ‘'H''(CHs)05].0O.0'H'*|^q(^j„, This base, 

of wHicli narcotine may be regarded as the aldehyde, -was obtained by Beckett a. 
Wright {Chem. Soc, J. xxix. 461) from crystals -which remained nndissolved in the 
process of purifying narceine. It probably does not exist in opmm ready-formed, but 
is formed from narcotine by the action of atmospheric oxygen. To purify it, the 
crude base is treated with the exact quantity of sulphuric acid required to dissolve it ; 
the solution is treated with the exact quantity of caustic soda required to precipitate 
the base ; the precipitated crystals, forming a mass very much like paper-pulp, are 
repeatedly boiled with water, which takes up admixed narceine and finally leaves 
sandy crystals which must be repeatedly boiled with alcohol ; and the base thus far 
purified is finally converted into the hydrochloride, and precipitated in the pure state 
by addition of a slight excess of caustic potash. By applying the same treatment to 
the mother-liquors obtained in the separation by water, as above described, it is easy 
to effect the separation of the oxynarcotine from the narceine. 

Oxynarcotiq^ is but sparingly soluble in water and in alcohol even when hot, and 
nearly insoluble in benzene and in chloroform. It is precipitated from the solutions 
of its salts by the fixed alkalis and their carbonates, but redissolved by an excess of 
the precipitant. Its solution in hot hydrochloric acid yields soft crystals of the 
hydrochloride, O^^H^NO®.HC1 + 2H“0, which become anhydrous at 100°, and are 
resolved by boiling with water into basic salt and acid. 

By oxidation with ferric chloride and other reagents, oxynarcotine is resolved into 
hydrocotarnine and hemipinie acid : 

C22H23N08 + mo = 

without formation of opianic acid. It is decomposed by heating with water in a sealed 
tube to 140°~150° for 15 to 20 hours, but the product does not contain opianic acid, 
hemipinie acid, meconin, or any alkaloid soluble in ether (Beckett a. Wright). 

Hemipinie and Opianic Acids. Orientation of H'arco tine-derivatives. 
Hemipinie acid, C^®H’°0®, was obtained, together with meconin, by fusing opianic 
acid with three times its weight of potassium hydroxide, the two being separated by 
Matthiessen a. Poster’s process (iii. 142). The meconin thus obtained fused at 102°- 
102-5°. Crude hemipinie acid, partially purified by conversion into the lead salt, 
always contains small quantities of methylnormeconin, C^H^O-^, which gives a blue 
coloration with ferric chloride, and is difficult to separate by recrystallisation, but 
may be easily removed by oxidation with chromic acid mixture. Pure hemipinie 
acid may also he obtained by washing its ammonium salt, dried at 100°, with alcohol, 
dissolving it in hydrochloric acid, and extracting with ether. Hemipinie acid, heated 
for an hour to 180° and crystallised from alcohol, is converted into hemipinie 
anhydride, which forms shining needles melting at 166°~167° (eorr.) The acid 
containing methylnormeconin melts at 10°-15°, and its anhydride at 6°-7°. The ease 
with which hemipinie acid is converted into the anhydride points to the conclusion 
that it belongs to the phthalic series — ^in other words, that it is an ortho-compound. 

Sodium hemipinate heated in a retort with twice its weight of soda-Ume yielded, 
together with a watery distillate, a heavy oil boiling at first between 200° and 210°, 
but after two rectifications between 204° and 206° (corr.) This oil is identical in all its 
reactions -with the dime thylpyrocateehin, C®H'*.OCH®.OH, which Marasse 
obtained from beech-tar creosote (vi. 504), and is resolved by heating with hydriodic 
acid into methyl iodide and pyrocatechin. 

Hemipinie acid heated with six to seven times its weight of potassium hydroxide 
and a little water to 200°-220° — the temperature rising in about fifteen minutes 
to 235°-240° — is converted into protocatechnic acid, C®H®(0H)^.00-H + H-0 
[CO-H : OH : OH = l : 3 : 4]. Hence hemipinie acid may be regarded as car- 
boxylated dimethylprotocatechuic acid, C®H^(CO‘-*H)^(OOH®)^ in which the 
two carboxyl-groups are probably in the positions 1, 2, the methoxyl-groups in 3, 4 
or 4, 5. By heating with soda-lime, it is converted into 200^ and C®H^(OCH®)2 ; by 

heating alone into the anhydride C®H2(OOH®)*j^Q^O ; and by fusion with potas- 
sium hydroxide, into carbonic acid, protocatechnic acid, and methyl alcohol, which 
suffers further decomposition : 

C«H2(00H3)2(C02H)2 + 3KHO = CO^K^ + C«H®(OH)2C02K -i- 2GH'0. 

Hemipinie acid cautiously heated with Jiydffiodic acid is converted into methyl- 
no rhem ip inic acid, C®H®0® + 2H^O, which gives off its water at 100°, with partial 
decomposition. It is very unstable, as are also its salts ; melts with decomposition 
at 150°-155°, and is identical with Liechti’s isopirdc acid (vi. 882), to which however 
Liechti assigned a different formula. 
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Methylnorheinipinic acid, fused vnth potassium hydroxide at 240°, till a sample 
no longer gives a blue colour vrith ferric chloride, is converted into protocatechuic 
acid ; when heated above its melting point, it gives off carbon dioxide ; and when dis- 
tilled with pumice-powder it yields methylprotocatechuic acid (m._ p. 249° corn.), 
together with an oily substance, probably guaiacol. Methylnorhemipinic acid, heated 
for half an hour to 160°-170°, yields an acid which may be purified byconversion 
into the ammonium salt, dissolves easily in hot, sparingly in cold water, is coloured 
blue-violet by ferric chloride, and is perhaps identical with Lieehti’s ojpinic acid. 
When heated with dilute hydrochloric or hydriodic acid, it yields methylprotocatechuic 
and protocatechuic acid. 

Hemipinic acid, heated for ten hours with excess of strong hydrochloric acid, 
yields mommethylj^rotocateclmio acid, melting at 251° (corr.) (corny. Matthiessen a. 
Foster, Chem. JSoc. J. xvi. 354). This acid yields a dimethyl-derivativo which is 
identical with dmcthylp-otocatechuic acid, but, contrary to Kolle’s statement (vii. 432), 
crystallises with 1 mol. H^O, 

Memnin, fused with potassium hydroxide, yields methylnormeconin, 
as an anhydrous crystalline body, which melts at 125°, and is turimi blue by ferric 
chloride. The same compound is produced in like manner from narcotine. By further 
fusion with potash, it is converted with evolution of hydrogen into protocatechuic 
acid. 

Meconin and methylnormeconin may be represented by the following formulae : 


C«H2 


CO Vq 
(OCH^^ 


Meconin. 


I OH 

Methylnormeconin. 


Eyyogallic acid is regarded by Beckett a. Wright as a mixture of opianic and 
hemipinic acids, probably with addition of protocatechuic acid (p. 1083). 

Beactions of Opiamo Add. — Sodium opianate, mixed with soda-lime (caustic baryta 
yields a smaller product), dried at 130°-140°, and distilled in a retort, yields, together 
with a watery distillate, a heavy oil, the portion of which boiling above 260° contains 
a fraction which passes over at 280°-285° (uncorr.), and solidifies in a freezing mixture 
to a mass which melts at 41°. On one occasion, the whole of the crude products 
distilled over at 260°, but mostly the greater part passed over below 200°. The oil 
has the composition and agrees iu all respects, except its melting point, 

with Tiemann’s methyl-vanillin (p. 306). When heated with very dilute sulphuric 
acid, with gradual addition of potassium dichromate, it yielded a small quantity of an 
acid which melted at 171°, gave no colour-reaction with ferric chloride, n,nd when 
heated to 220° with potassium hydroxide, was converted into an acid exhibiting the 
reactions of protocatechuic acid. This oxidation-product of methyl-vanillin is therefore 
doubtless dimethylprotocatechuic acid. 

When methyl-vanillin is heated for ten hours with strong hydrochloric acid, methyl 
chloride is formed, and the liquid on cooling deposits a dark-coloured tar ; and on 
dissolving this in ether, agitating the solution with caustic potash, separating the 
dark-coloured alkaline liquid, acidifying with hydrochloric acid, exhausting with fresh 
ether, and evaporating the ethereal solution, an oily residue is left, which on standing 
yields crystals having the composition smelling like vanilla, sparingly soluble 

in cold, easily iu hot water, molting at 80°, and identical in every respect with 
Tiemann a. Haarmanu’s vanillin. The quantity of vanillin thus obtained is, how- 
ever, very small, so that the preparation of this substance from opium is not likely to 
be successful as a commercial operation. 

The formation of dimethyl-protocatechuic aldehyde by the action of heat on a 
mixture of sodium opianate and soda-lime shows that the COOH radicle eliminated 
from opianic acid by the action of soda-lime is in the same position as that removed 
from hemipinic acid by the action of caustic potash at 240°. 

From the character of the alternative formulae thus deducible for opianic acid, viz.: 

COH OOH 
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O.OJ^ 


!o.CH» 


C0“H»(CH»)0»]sN 

GO 
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the OO-gronp which links the benzene radicle to the cotarnine nucleus, corresponding in 
position with the CO.Oii eliminated from opianic acid by soda-lime, and with that 
removed from, hemipinic acid by heating with potash at 240°. 

Opianic acidv treated with hydrochloric acid gas, is resolved, according to Matthiesen 
a. Foster (vi. 8^), into methyl chloride and methylnoropianic acid, which, 

when distilled with soda-lime, might be expected to yield vanillin ; experiment 
shows, ^ however, that a more thorough decomposition takes place, the greater part of 
the opianic acid being completely charred. 

Opianic acid, treated "with a large quantity of hydriodio yields nearly the 
theoretical amount of methyl iodide, in accordance with the equation : 

+ 2HI = 20H8I + C»H^O^ 

Opianic Noropianic 

acid. acid. 

The noropianic acid crystallises with 2H20, and is isomeric with that obtained by 
Tiemann {infra), 

Xsopianic and Xsoliemipinlc acids, and other acids related to them, isomeric 
with those just described as derived from narcotine, have been obtained by Tiemann 
a. Mendelsohn {JDeiit. Cheon. Ges. Ber, x. 393), starting from aldehydovanillicacid, 
C®H®0^, which, as already observed (p. 291), has the structure represented by the 
13 4 6 

formula C^.CO^H.H.OOH^.OH.COH.H. The acids thus obtained belongto the isophthalic 
series ; those obtained from narcotine, to the phthalic series. With regard to 
aldehydovanillic or methylnorisopianic acid, Tiemann a. Mendelsohn observe that its 
aqueous solution does not reduce either silver nitrate or Fehling’s solution at the 
boiling heat. It forms two series of salts. The potassiim, sodium, and ammonium 
salts are soluble in water, the solution having a characteristic yellow colour. Prom a 
strongly ammoniacal solution of the acid, barium and calcium chlorides throw down 
slightly soluble (possibly basic) barium and calcium salts ; and the acid, neutralised 
with ammonia, forms with silver nitrate a yellowish-white silver salt ; with cupric 
sulphate, a green copper salt, soluble with green colour in excess of ammonia. A 
crystalline lead salt is precipitated from the aqueous solution of the acid by lead 
acetate, the precipitate increasing on addition of ammonia. 

The mono- and di-methylic ethers of methylnorisopianic acid are formed simul- 
taneously by digesting 1 mol. of the acid at 100° with 2 mols. KHO, methyl alcohol, 
and excess of methyl iodide, and may be separated from one another by agitating 
their ethereal solution with a very dilute alkaline ley. The monomethylic ether or 
methylic meihylnorisoyianate, 0®H^(COH)(OH)(OCB[*’’)(GOOCH’’), is precipitated from 
the alkaline solution on acidulation in flocks of yellow needles, which, after recrystal- 
lisation from water, melt at 134°-135°, and dissolve in solution of sodium carbonate, 
but without evolution of carbon dioxide. The dimethylic ether or methyl isoyianate, 
C®H2(COH)(OCH^)'(COOCH.^), is obtained by spontaneous evaporation of the ethereal 
Bolution, in the form of an oil, which soon solidifies to a crystalline mass. When 
recrystallised from boiling water, in which it is but slightly soluble, it forms slender, 
white felted needles, having a characteristic aromatic odour, and melting at 98°-99°. 

Isopianic acid, C®H“(C0]^(0CH^)2(C00H), obtained from the dimethylic ether 
by boiling with alkalis, crystallises from boiling water in slender white needles, melting 
at 210°-211° (uncorr.), and dissolves readily in alcohol and in ether. In strong 
sulphuric acid it dissolves with deep yeUow colour, in alkalis without coloration ; no 
colour-reaction with ferric chloride. With sodium bisulphite it forms a sparingly 
soluble compound. The isopianates of ammonia and the fixed alkalis are easily soluble 
in water. The solution of the ammonium salt is not precipitated by chloride of barium 
or calcium. Cupric sulphate precipitates from it a bluish- white copper salt, soluble 
with blue colour in excess of ammonia ; lead acetate forms a sparingly soluble lead 
salt ; silver nitrate, a white silver salt, which may be crystallised from hot water 
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without decomposition. By oxidation with dilute solution of potassium permanganate, 
at 70°, isopianic acid is converted into isohemipinic acid {infra). 

Ismoropianio or Aldehpdoprotocatechdc ac^, G®H®(COH)(OH)^COOH, is produced 
by heating aldehydovanillie acid with dilute hydrochloric acid to 170°-180°, and 
crystallises from hot water in yellowish needles, which melt at a temperature above 
240°, dissolve without much difficulty in cold water, easily in hot water, alcohol, and 
ether. The aqueous solution, mixed with an alkali, immediately turns yellow, and 
after long standing or after heating, reddish-yellow ; with ferric chloride it produces 
a dark-green colour, suddenly changing to reddish-violet on addition of alkalis. It 
reduces Behling’s solution at the boiling heat; silver nitrate only on addition of 
ammonia. Hence it follows that isonoropianic acid is not identical, but isomeric, with 
BQasiwetz’s quercimeric acid (v. 5). 

Isohemipinic acid, C®H.®(OCH®)“(COOH®), formed, as above mentioned, by 
oxidising isopianic acid with a dilute solution (1 I 5) of potassium permanganate at 
70°, ciystallises from hot water in white needles which dissolve easify in alcohol and 
ether, without much difficulty in hot water, hnt are nearly insoluble %i cold water. It 
melts at 245°--246°, and sublimes at a higher temperature without formation of 
anhydride. It is bibasic. The potassium, sodium, ammonium, barium, and calcium 
salts are easily soluble and crystallise well. The ammonia salt, neutralised with an 
acid, yields with copper sulphate, a bluish-white copper salt, with lead acetate, a 
white lead> salt, and with silver nitrate, a white silver salt which dissolves in hot water 
without alteration (Tiemann a. Mendelsohn). 

XSTATBOXiZTXi. See Zeolites. 

jsteCTAB. This name is applied to the sweet-tasting fluid secreted within _ the 
cups of insect-fertilised flowers. On the amounts of cane- and fruit-st^ar contained 
in the nectar of various flowers, see A. S, Wilson {Chem. News, xxxviii. 93 ; Chem. 
Soo. J. xxxiv, 997). 

xrzSFZEBBWZTZ:. This name is given by P. Pusirewsky {Jahrh. f. Min. 1873, 
420) to a white to rose-red amorphous substance resembling lithoniarge, occurring, 
together with fluorspar, in limestone at Nertsehinsk in Siberia. Hardness =1’5. 
Sp. gr. =2*335 at 18°- The substance gives offi 11-13 per cent, water over sulphuric 
acid, 19*13 at 250°, and 4*73 at a still higher temperature. A certain proportion of 
it (0*2 percent.) dissolves in water with alkaline reaction (Ha-O), and may be regarded 
as an admixture, Pusirewsky assigns to this substance the formula H‘*MgAl”Si®0^®, 
but the analyses from which he deduces this formula differ considerably from one 
another. 

XTBG-RO COFFEB. The seeds of Cassia occidentalis, from the Prench colonies 
in Africa, are known by this name. According to an analysis by J. Clouet {I^harm. J. 
Trans. [3], vi. 909) they contain in 100 pts. : 


Pat (Olein and Margarin) 4*9 

Tannic acid 0*9 

G-um 28*8 

Sugar 2*1 

Starch 2*0 

Cellulose 34*0 

Water 7*0 

Calcium sulphate and phosphate, Chrysophanic acid . .0*9 

Malic acid. Sodium chloride, Magnesium sulphate, Iron, 

Silica .5*4 

Achrosin 13*58 


Achrosin, perhaps a mixture of several substances, is extracted from tbe seeds by 
alcohol. The seeds have a purgative action, and are used as a remedy for fever. They 
lose their purgative properties by roasting, and an infusion of the roasted seeds smells 
and tastes like one of roasted coffee-beans. 

NBOCHRlTSOZiZTE. A mineral found in the cavities of the Vesuvian lava of 
1631. It is crystallographically identical with olivine, and differs from it chemically 
only by its higher amounts of iron and manganese, which replace nearly the whole of 
the magnesium (A. Scacchi, Zeitschr. Kryst ii. 104). 

XSTBOCBB*, An alloy containing : 

C3ti Zn ITi Sn A1 Bi 

58 27 12 2 0*5 0*5 = 100 

To prepare it the constituent metals are separately fused and very carefully triturated 
together (Sauvage, Tingl, poL J. ccxv. 377). 
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KTEOICiXTE. According to Prenzel (Jakrh, f, Min. 1874, 676) the crust of the 
Freiberg pseudomorphs of iron pyrites and magnetic pyrites is a mineral nearly related 
to neolite, and having the composition A. The values B are calculated &om the 
formula ^FeO.SiO^ 4 - Al^O^SiO'^ + ZmO : 

SiO® Fe=0* FeO ITnO CaO MgO H“0 

22*28 16*82 2*44 41-39 4*23 1*82 1*31 8-88 « 98*97 

21*25 18*20 -- 50*99 _ _ _ 9*56 = 100 


za'EPHEEX:^'. On nephelin from Latium, J. Striiver (Zeitschr. Kryst. i. 240) 
observed the forms OP, 00 P, 00 P2, 00 P|, JP, 2P, 2P2. The measurements agreed 
v^ell with those of nephelin from Somma (iv. 31). The crystals, which are mostly 
colourless, white, or grey, rarely green or flesh-coloured, occur in geodes of the lavas 
and ejected blocks. 

Eammelsberg {Berl. AJcad. JBer. 1876, 695) discusses the chemical constitution of 
nephelin on the basis of new analyses (1-4) of Vesuvian nephelin, the only material 
sufficiently definite in composition to be available for the decision of the question. 
He assumes the formula ^®(A12)®Si’0-® which, accordingly as K : Na = 1 : 5 or 1 : 6, 
gives the values (5) or (6) the lime present being attributed to admixture of 

augite and garnet. According to this, nephelin should be represented by the formula : 



For K : Na =s 1 : 5, the formula of nephelin may also he written in the form : 

(SNa^Al^SPO®/ 

} K^Al^Si^Qi^ J 

the first member of which is the silicate occurring in sodalite, &c., and the second 
leucite : 



SiO“ 

AJ=0* 

Na»0 

K«0 

CaO 

Total 

Sp.gr. 

1 (found) 44*77 

34*94 

15*33 

4*47 

0*50 

100*01 

2*600 

2 

„ 44*88 

34*37 

15*40 

4*87 

0*54 

100*06 

to 

3 

„ 44*63 

34*39 

15*31 

4*93 

0*67 

99*93 

4 

„ 45*65 

34*27 

16*35 

4*32 

trace 

100*59 

2*6087 

5 

(calc.) 45*17 

33*10 

16*67 

5*06 

— 

100 


6 

„ 45*28 

33*19 

17*17 

4*36 

— 

100 



See also H. Eauff {Jahrb.f. Min. 1878, 745 ; Chem. Soc. J. xxxvi. 606). 

For distinguishing between nephelin and apatite in a microscopic section of a 
rock, the following reactions are given by A. Streng {Jahrb. f. Min. 1877, 94): 
Nephelin is decomposed by very strong hydrochloric acid, the cavities of the etched 
crystals becoming gradually filled with cubes of sodium chloride ; apatite, treated 
with a concentrated solution of ammonium molybdate in nitric acid, yields small 
yellow octohedrons and rhombic dodecahedrons, which spread over the entire field of 
view, excepting the part occupied by the apatite itself, at which the reaction is pre- 
vented by the excess of phosphoric acid present. 

Nephelin ficrite is the name given by E. Eoricky {Jahrb. f. Min. 1877, 539) to a 
rock from the Devine near Wartenherg in Bohemia, distinguished from Tschermak’s 
picrite by the constant presence of nephelin and perowskite, the latter mineral forming 
sharp-edged crystals, 0*01 to 0*02 mm. in diameter. 

On the nephelin-rock of Meiches in the Odenwald, see v. Klipstein {Jahrb.f. Min. 
1878, 722 ; Chem. Soc. J. xxxvi. 607). 

xrxSPHRXTE. Four nephrites, collected by H. v. Schlagintweit in Central Asia, 
have been analysed by L. E. v. Fellenberg {Munch. ATcad. Ber. iii. 277). They were 
found imbedded in gneiss in clefts in the neighbourhood of Grulhashen, a halting place 
on the right side of the river Karkash, in the Kiinlun range, lat. 36° 13' N., long. 
78° 16^ E. of G-reenwich, at a height of 3725 met. : 


SiO“ Fe®0* FeO MnO CuO MgO E“0 SiF* H®0 

1. 59*30 0*53 — 0*70 0*55 10*47 25*64 1*02 1*28 0*62 = 100*11 

2. 69*50 0*75 — 1*35 0*79 11*60 24*24 1*57 ■— 0*85 = 100*65 

3. 58*42 0*70 — 0*67 0*46 13*85 24*39 0*10 0*60 1*20 = 100*39 

4. 59*21 0*50 0*34 0*97 0*53 14*61 23*55 0*19 — 0*78 = 100’68 


Sp.gr. of 1 = 2*972 at 4*4°; of2 = 2*957 at 7*5®; ofS = 2*980 at 17°; of4 = 2*974 at 20°. 


The analyses give, for silica = SiO®, values comprised between the limits : 

SiO® : MgO ; CaO = 3 : 3 : 1 and 10 ; 10 : 4. 

These nephrites, when first removed’ from the bed, are soft enough to be easily worked, 
whereas older specimens have a hardness of 6*5. 
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H. Fisher {Min, Mitih. 1873, 155) describes the breaking up of a refractory block 
of nephrite by ignition and rapid cooling, and is of opinion that this mode of treatment, 
which is known to be adopted for the disintegration of other hard minerals, may throw 
light on the working of nephrite in prehistoric times. 

K'EIPTXrN'rcrM. See KiOBitTM. 

irEtTRinrE. According to J. Maxithner {Liebigs Annalen, cIxxy. 178) an aqueous 
solution of neurine dissolves hlood-fibrin to a clear liquid which does not bl^ken 
lead acetate, is not precipitated by alcohol, but yields a precipitate of fibrin on 
gradual addition of an acid. On the putrefactire decomposition of neurine in the 
bile, see p. 324. 

3?fZCK£Xi. Occurrence. — Metallic nickel occurs to the amount of 0*75 per cent, 
in the magnetic platinum ore of Kischne-Tagilsk in the Ural (Terreil, Coinpt. rend, 
Isxxii. 1116). 

On the sulphide of nickel and iron, 4Fe^S^.M'S®, occurring at ^orbach in the 
.Schwarzwald, see Hokbachite (p. 1041). 

Statistical reports of the extraction of nickel from its ores in Europe and America 
are given in the Kannocerisckes Wochenhlatt fur Handel und G-ewerhe^ 1873, No. 36; 
Dingl. pol. J. ccx. 75 ; Jahresh. f. Ckem. 1873, 994. On the Metallurgy of Nickel, 
see also Lundborg {Bingl. ‘jgol, J. ccxxvi. 643). 

Coating of other Metals with McJcel. — Mectrodejposition, — A nickel-bath, much used 
for this purpose in France, is prepared by dissolving 4 pts. nickel nitrate in 4 pts. 
aqueous ammonia and 150 pts. water holding in solution 50 pts. acid sodium sulphite. 
With the aid of a very feeble current, the deposition is completed in a few minutes. 
There is no necessity for interrupting the process in order to clean the surface and 
thereby insure the desired thickness of the deposit, the nickelled objects merely re- 
quiring to be dried in sawdust (Boden, Dingl. ^ol, J. ccxvii. 256), Another nickel- 
bath consists of 87*5 pts. nickel sulphate, 20 ammonium sulphate, 17‘0 nitric acid and 
2 litres of water (Hesse, ibid.) Martin a. Delamotte dissolve 1250 grams of citric 
acid, 500 sal-ammoniac (or ammoninm sulphate), and 500 ammonium nitrate in 15 
litres of water ; heat the solution to 80® C. and saturate it gradually with recently 
precipitated nickel hydrate ; then add 2*5 litres of aqueous ammonia ; dilute to 25 
litres ; and after cooling, add 500 grams of ammonium carbonate ; leave the precipitate 
to settle, and filter the liquid. The solution thus obtained contains about 60 grams 
of nickel in the litre, and has a density of 11® B. The nickel may be conveniently 
precipitated from it at 50®. The addition of potash or soda renders it possible to 
obtain thicker electro-deposits of nickel. See also 0. Silvestri {Ber. x. 889) and 
A. Kayser {Chem, Cenir. 1878, 127 ; Chem. Soo. J. xxziv. 537). 

On the coating of Iron with Nickel, see p. 1118. 

Malleable Nickel. — The addition of magnesium in the proportion of | per cent, to 
nickel or cobalt renders the metal malleable and ductile, and susceptible of a high 
polish. The alloy does not alter in the air, and is well fitted for making harness, &c. 
It can be welded to iron or steel at a white heat, and rolled into thin plates without 
separating therefrom. It is prepared by dropping the magnesium through a hole 
in the cover of a crucible in which the nickel or cobalt is heated, a few pieces of 
charcoal having been previously introduced to remove oxygen (J. Fleitmann, Ber, 
xii. 454). 

On the Magnetic relations of Nickel, see Magnetism (p. 1248). 

On the Manufacture of large Castings of Nickel, see Winckler {Dingl. fol. J. 
ccxxii. 175; Chem. Soc. J. xxxi. 238). 

Detection. — To distinguish between nickel, cobalt, manganese, and zinc, A. H. 
AHen {Chem. News, xxiii. 290) adds potassium ferricyanide in excess to an ammoniacal 
solution of the metal containing ammonium chloride. Manganese then gives a brown 
precipitate ; cobalt, dark red ; nickel, copper-red in a hot solution, no precipitate in 
the cold ; zinc, no precipitate either in hot or in cold solution. 

E. H. Davies {ibid, xxxii. 44) modifies this method by adding ferroeyanide as well 
as ferricyanide of potassium, or the ferroeyanide alone. On adding the ferricyanide 
to a solution of nickel and cobalt till the resulting precipitate is redissolved, and then 
the ferroeyanide, a precipitate of nickel ferroeyanide is obtained, especially if the 
ammonia has previously been partly neutralised by a few drops of hydrochloric acid. 
The cobalt being more soluble is not thrown down till a larger quantity of acid has 
been added, whereupon the red-brown colour of the solution disappears, and a yellowish • 
white precipitate of cobalt ferroeyanide is produced. The same result is obtained 
when ferroeyanide alone is employed. Nickel may also be easily recognised by the 
greenish colour produced on adding the ferroeyanide to its solution, even when 
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extremely dilute, this colour being very different from that which is produced in like 
manner by traces of ferrous salts. 

Estimation hy ElectTolysis (A. Riche, OMm. P^s. [5], xiii. 608). — 
IS;ickel may be rapicffy and accurately estimated by decomposing its salts either in an 
acid or in an alkaline solution, and weighing the precipitated metal. The apparatus 
used consists of a platinum crucible in which is suspended a hollow truncated cone of 
platinum with small openings in the side : this cone serves as the negative pole, the 
crucible forming the positive pole. The decomposition may take place at the ordinary 
or at a higher or lower temperature. From a solution slightly acidulated with 
sulphuric acid at 60°-80° nickel may be precipitated by a current of two Bunsen’s 
cells. The precipitation is generally complete the first time, but to ensure accuracy, 
it is always advisable to subject the solution to the current a second time. 

The same method may be applied to the analysis of alloys of nickel. 

NicJcel and C&p^er. — Only the copper is deposited when an acid (sulphuric or nitric 
acid) solution is subjected to the action of one Bunsen’s element ; the solution con- 
taining the nieiael is made alkaline with ammonia, and then slightly acid ; on passing 
the current the nickel is deposited. 

Nickel and Lead, — The lead is first precipitated as dioxide from a nitric acid 
solution by means of a Leclanch^’s element, and the nickel is determined afterwards. 

Nickel and Manganese, — The nickel is completely precipitated on the negative 
pole when a current is passed through an acid (sulphuric acid) solution, and may be 
washed and weighed. The action is then continued, if necessary, until the manganese 
is completely precipitated as dioxide on the positive pole. 

Nickel and Magnesium, — The separation is effected in a solution made acid with 
sulphuric acid. 

Gr. P. Schweder {Zeitsckr. anal, Ckem, 1877, 344) recommends that the nickel be 
precipitated by a powerful current from a strongly ammoniacal solution not containing 
much sal-ammoniac — iron, if present, having been previously precipitated as basic 
ferric sulphate. 

On the analysis of Nickel Coins by the Electrolytic method, see E. Busse {Zdtschr. 
anal, Chem, xvii. 53 ; Chem, Soc. J, xxxiv. 338). 

Estimation of Nickel in Pyrrhotites and Mattes. — The following method of deter- 
mining nickel in these substances is based upon the fact that nickel phosphate is 
completely soluble, while phosphate of iron is almost insoluble, in acetic acid in the 
presence of an excess of sodium phosphate. 

The ore is dissolved in hydrochloric acid, with addition of a little nitric acid ; the 
solution is treated with hydrogen sulphide and filtered ; the filtrate boiled ; the iron 
oxidised with nitric acid ; and ammonia is added until a permanent precipitate begins 
to form. Acetic acid is then added until the precipitate is redissolved. To this boil- 
ing hot solution a hot concentrated solution of ordinary sodium phosphate is added in 
excess, and the nearly white precipitate is filtered off and wushed with hot water con- 
taining acetic acid. The filtrate is heated nearly to boiling, and caustic potash added 
until the odour of ammonia is distinctly perceptible. The apple-green precipitate of 
nickel phosphate is partially washed and dissolved in a little dilute sulphuric acid ,* 
the solution rendered strongly alkaline by ammonia ; and the nickel precipitated by 
the battery. If more than 3 per cent, of nickel is present, the precipitate of iron 
phosphate must be redissolved and treated as before, as it may contain a little nickel 
(Margaret S. Cheney a. Ellen S. Richards, SUl. Am. J. [3], xiv. 178). 

Se^yaration of Nickel from other Metals. — Wohler’s method of separating nickel 
(and cobalt) from arsenic, without the use of hydrogen sulphide, has already been 
described under Cobaxt (p. 541) ; alsoPhipson’s method, which consists in precipitating 
the two metals together as xanthates, and dissolving up the nickel salt with dilute 
ammonia. According to A. Guyard (CAm. News, xxxiv. 255), recently precipitated nickel 
sulphide dissolves very readily in very dilute solutions of alkaline cyanides, whereas 
cobalt sulphide does not, so that this reaction may be used for the quantitative 
separation of the two metals. For this purpose, the recently precipitated sulphides 
are suspended in water, and a very dilute solution of potassium cyanide is added in 
slight excess. The whole of the nickel then remains in solution, and may be pre- 
cipitated as cyanide by dilute sulphuric or hydrochloric acid. The insoluble cobalt 
sulphide, after filtration and washing, is perfectly pure. 

From iron, in the form of ferric salt, nickel may be separated by adding to the 
solution a quantity of ammonia not sufficient to precipitate all the iron as ferric oxide, 
and then acetic add. From the clear solution thus obtained, the whole of the iron 
may be precipitated by sodium phosphate, and the nickel estimated in the filtrate 
(M. S. Cheney a. E. S. Richards, Sill, Am. J. [3], xiv. 178). 
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Erom zinc, nickel may be sepamted by evaporating tlie solution mixed with saU 
ammoniao to dryness, and gradually heating the residue till all the sal-ammoniac and 
all the zinc chloride are volatilised. No loss of nickel is likely to occur (E. Presenius, 
Zdtsckr, anal. Chem. 1873, 66), 

Comjpounds of NicJcel. 

Nickel may be amalgamated in the same way as iron (p. 1097), namely, by placing 
it, together with some pieces of zinc, in contact with mercury covered with dilute 
sulphuric or hydrochloric acid (Oasamajor). 

According to W. A. Boss {Chem. News, xxxiv. 150), melting nickel is capable of 
taking up a large quantity of silver, whereas melting silver does not nnite with nickel. 
This difference perhaps depends upon the difference of the melting points of the two 
metals. 

Nickel Arsenide, Ni®As^ obtained by reduction of the arsenate, is a crystalline 
substance, having a metallic lustre and sp. gr. = 7*71. By fusing with boric oxide, 
it is converted into NPAs, or Ni^As^, which can also be prepared by tusing together a 
mixture of potassium cyanide, metallic arsenic, and nickel oxide (A. Bescamps, Gom^pU 
fend. Ixxxvi. 1065). 

Combination with Carbon and Silicon. — According to W. E. Gard {Sill. Am. J. 
[3], xiv. 274), commercial nickel always contains appreciable quantities of carbon and 
silicon, the latter being probably derived from silica in the charcoal by which the 
nickel is reduced, or from the crucible. Pure nickel oxide, mixed with half its weight 
of finely pounded quartz and heated to fusion with charcoal, yielded a white non- 
metaUic regulus of sp. gr. 7*73, and containing 9 to 9*5 per cent, carbon and 6 to 6*2 
per cent, silicon. In another experiment, half a pound of granulated commercial 
nickel was slowly heated to fusion between two layers of charcoal. The metal thus 
obtained was strongly magnetic, soft, malleable to a certain degree, had a density of 
8*04, and contained 2*105 p.c. carbon, of which 2*03 was in the form of graphite, and 0*36 
silicon. Nickel and cobalt heated to redness in a stream of marsh gas increased per- 
ceptibly in weight without exhibiting any actual deposition of carbon : hence it would 
appear that the carbon entered into chemical combination with the metal. [May not 
the increase in weight have been due. at least in part, to occluded hydrogen ?] 

Experiments have also been made by Boussingault {Compt. rend, ixxxvi. 609) with 
the view of ascertaining whether nickel acquires by carburation and tempering the 
same properties as iron. To determine w’hether nickel, like iron, takes up carbon by 
cementation, a plate of nickel was exposed in a cementation furnace from April 25 till 
March 17,* when put in it contained no carbon, but small quantities of iron, arsenic, 
and copper ; when taken out it was perfectly clean, showing no blisters, and possessing 
the same hardness as before. The plate weighed before cementation 1384 grams ; 
after 1389*25, having gained 5*25, and contained *004 of combined carbon, without a 
trace of graphite. After being again cemented in a box of sheet iron filled with 
carbon, it was found by analysis to contain *006 of carbon, which is about the same 
proportion as in soft steel. By fusing this metal in a crucible lined with charcoal, a 
button was obtained, containing *0080 of combined carbon, and -0165 graphite ; total 
carbon, *0240. Notwithstandiug this high carburation, corresponding to hard steel, 
the nickel had the same appearance and ductility as before fusion. It is remarkable 
that the whole carbon taken up by the metal in this last operation was in the state of 
graphite. A small bar of forged nickel was also cemented, when it contained 98*29 
per cent, of nickel, and 0*85 of combined carbon, besides small quantities of iron and 
silicon. The bar was placed in a clay crucible, surrounded with carbon, and exposed 
in the hottest part of a cementation furnace for a month ; before cementation it 
weighed 20T907 grams, afterwards 201-857; it therefore lost *050 gram, but notwith- 
standing this, *604 grams combined carbon, and -303 graphite were taken up. The carbon 
was in the same form as in tool steel; the bar showed no sign of blistering; it had kept its 
colour, density, ductility, and softness. From these experiments it would appear that, 
although nickel combines vrith carbon, it does not thereby acquire steel-like properties. 

On the Ferrocyanides of Nickel according to Wyrouboff, see Cyanides (p. 612). 

Fluoride, NiF®. 3H20. See Fetjobides (p. 799). 

Mercaptide, N(S.C2jaL^)^. See Mebcaptides (p. 1276). 

Oxides. An oxide, analogous to magnetic iron oxide, is formed by passing 

oxygen over nickel chloride heated to 350°--440°, the product assuming a blackish 
colour and giving off chlorine. The change is more quickly effected by moist oxygen, 
the chlorine being then eliminated in the form of hydrochloric acid, and the chloride 
being completely transformed in a few hours into a greyish oxide having a metallic 
aspect, and exhibiting under the microscope crystals having the form of spinel. The 
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oxide thus formed has no magnetic properties, and is not even attracted by the magnet. 
It dissolves in hydrochloric acid TVith evolution of chlorine. When very strongly 
heated, it gives off 6'6 per cent, oxygen, and is converted into the monoxide jNiO, 
which, when thus prepared, is no longer capable of taking up oxygen and passing to 
a higher state of oxidation, wherein may be seen an explanation of the well-known 
fact, that nickel and its salts, when oxidised at high temperatures, never yield an 
oxide higher than the monoxide (A. Baubigny, Compt. rend, ixxxvii. 1082), 

A higher oxide, Ni^O^, is precipitated when a solution of a nickel salt mixed with 
excess of soda is oxidised by sodium hypochlorite. It is very unstable, beginning to 
decompose as soon as the liquid from which it has been precipitated is decanted off ; 
and when dried in a vacuum over sulphuric acid, it leaves a residue having the com- 
position Ni80“.9H“0. When the liquid decanted from the oxide Ni*0® is boiled, the 
salt contained in it is decomposed without formation of stable lower oxides fT. Bayley, 
Chem. News, xxxix, 81).* 

A hydrated oxide of nickel and cobalt, called heuhachite, is found in thin soot- 
like deposits, or in the form of dendritic foil and fine globular masses, on clefts in 
baryta at the St. Anton Mine in the Heubachthal near Wittichen (p. 1029). 

A jpkosjphide, Ni^P-, has been prepared by R. Schenk in the same manner as the 
corresponding iron phosphide. See Phosphides (vii. 950). 

Salts. The fbilowing method of preparing pure nickel salts from the commercial 
metal is given by A. Terreil {Compt. rend. Ixxix. 3495). The metal, usually con- 
taining copper, iron, and small quantities of arsenic, is dissolved in 7 or 8 pts. of aqua 
^gia, the^ solution is evaporated to dryness, and the residue extracted with water. 
The solution is then filtered from insoluble iron arsenate, and the filtrate is treated 
vdth metaBic iron, on which the whole of the copper is immediately deposited. The 
dissolved iron is then brought to the state of ferric salt by means of chlorine or nitric 
acid, and the solution is mixed with a quantity of sulphuric acid sufficient to convert 
all the iron and nickel into sulphates. The hydrochloric acid is next expelled by 
evaporation to dryness, the residue is redissolved in water, and the iron precipitated 
at the boiling heat by barium carbonate, which at the same time throws down the 
last traces of arsenic. The filtrate now contains nothing but nickel sulphate, which 
by evaporation to dryness may be obtained in a state of perfect purity. 

K hydrated oiickel-omgnesium sUicaie, from Noumea, the capital of New Caledonia, 
examined by A. Liyersidge {Qhem. Soc. J. 1874, 613), occurs, together with chrome- 
iron ore and steatite, on veins of serpentine, and is traversed by veins of a white 
silicate,^ so that it lies in the network like honey in the comb. It has an apple-green 
colour, is unctuous to the touch, cleaves to the tongue, and splits into small pieces 
under water. Hardness = 2'5 to 3. The following analyses lead to the formula 
10(NiO,MgO),8SiO2 SH^O : 


SiO“ 

A1=0®, 

NiO 

MgO 

CaO 

H®0 

47*276 

47*197 

1-560 

1-776 

23*960 

24*060 

21*583( 

21*738 

trace 

trace 

5*212 

5*320 


C^H'N or Occurrence . — Heuhel maintains — contrary to 

the statements of Vohl a. Hulenberg (vii. 851) — that nicotine is present in tobacco 
smoke, in the form of a salt which, at high temperatures, is more stable than the 
base itself. He states that he has detected it both by chemical and by physiological 
experiments {Bingl. pol. J. ccvii. 343). According to Preobraschensky (i?wss. 

Pharm. 1876, 705), Indian hemp contains an alkaloid closely resembling nicotine. 

Preparation. — W. Kirchmann {Arch. Pharm, [S'], ix. 209) prepares nicotine by 
distilling tobacco moistened with solution of sodium carbonate from a tinplate vessel 
on the water-bath, in a current of carbon dioxide, and collects the alkaloid which 
passes over in alcohol mixed with sulphuric aeii The colourless solution thus 
obtained is evaporated to dryness with caustic baryta, and the alkaloid is extracted 
from the residue by ether. 

On the reaction of Nicotine with hydrogen sulphide, see Alkaloids (p. 56). On 
its detection in a mixture of alkaloids, see Plant-bases. Por the volumetric cstimatim 
of nicotine, Zinoffsky adopts the same process as for emetine (p. 732), the number of 
cubic centimeters of the reagent used being, however, multiplied by 0*00405, instead 


* The cobalt oxide, Co®0®, is formed in the same manner as the corresponding nickel oxide, and is 
somewhat more stable than the latter. When the liquid in which it is formed is boiled, the salt con- 
tained in it is decomposed, with evolution of oxygen, and formation of the oxide intermediate 

between Co’O® and Co®0®. The oxides Co®0® and Co“0*® appear to be stable at a low red heat. The 
following hydrates of the former have been prepared : Co® 0'+4B:=0, dried over sulphuric acid : 
Co’05+3H“0 at 100° j Co“0^+2H=*O at 138°, and probably Oo^O^+H^O at 300° (Bayley). 
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A concentrated acid solution of nicotine sulphatej saturated with aluminium 
hydroxide, deposits oetohedrai crystals of nicotine-alum (Kirehmann). 

OtsidatioiL — When pure nicotine, boiling at 240*^-242° (uncorr. ; thermometer in 
vapour) is oxidised by potassium permanganate, added as long as it is decolorised, 
(10 grains nicotine in 500 c.e. of water require about 60 grams of permanganate dis- 
solved in 2000 c.e. of water), it yields carbonate and -pyridine-carbowylate of potassium. 
Free pyridine-carboxylic acid, G^^H^JSTO-, or C®II‘K.COOH, is obtained by filtering tbe 
solution from manganese dioxide, evaporating to dryness, taking up with alcohol, con- 
verting the dissolved potassium salt into silver salt, and decomposing it with 
sulphuretted hydrogen. After crystallisation from hot alcohol or water, it forms 
colourless crystals, melting at 225°~227° (uncorr,), and only sparingly soluble in ether 
and chloroform. This compound unites both with acids and with bases. Its platincH 
chloride, (C®H®N02)2.2HCLPtCF-f 2H^O, forms large well-defined crystals which give 
off their water at 115°. The potassium salt, C®H*KNO-, is anhydrous; the oalGium 
salt, (G®H^K02)2Ca + 5B['0, is obtained by slow evaporation of the aqueous solution 
in large crystals which effloresce slowly at ordinary temperatures^Snd give off the 
whole of their water at 115°. The silver salt has a constant composition only after 
recrystallisation from hot water. The salts distilled with lime yield a large quantity 
of pyridine. 

Pyridine-carboxylic acid is identical with the nicotioiio add which Huber obtained 
(vii. 866) by oxidising nicotine with chromic acid mixture (Laiblin, JDeict. Chem. Ges, 
B&r, X. 2136). Its formation from nicotine shows that thm bavse maybe regarded as 
dipyridine, atoms of hydrogen (Cahonrs a. Etard). 

Action of Sulphur . — When 100 parts of nicotine were heated to 140° with20pts. 
of sulphur, hydrogen sulphide was evolved, and continued to escape as the temperature 
rose to 155°. At 160°-170°, the highest temperature attained, the perfectly fluid 
mass assumed a chrome-green colour ; and when left at rest for some days, deposited 
yellow prismatic crystals, which, after being purified by washing with cold alcohol, 
and then recrystallised from boiling alcohol, had the composition These 

crystals are of a sulphur-yellow colour, slightly soluble in cold, but readily in hot 
alcohol, insoluble in water, slightly soluble in benzene, and still less so in ether. 
They melt at 155°, and on cooling form a resinous yellow mass, which, when subjected 
to dry distillation, evolves sulphuretted hydrogen, whilst carbon is deposited, and a 
small quantity of a volatile oil distils over. 

The compound has a perfectly neutral reaction, but nevertheless forms 

definite salts with acids. The hydrochloride, G2®H^8j743 2HC1, crystallises in fine 
golden yellow needles. The sulphate has not yet been obtained in a definite crystalline 
form. In solutions of the hydrochloride, platinum tetrachloride gives an amorphous 
yellow precipitate of the salt G*‘’H‘®hr'*S.2HCl.PtCP. Mercuric chloride gives a 
chloromercurate, C^^’H^^N'^S.HCl.HgGr-, soluble in hydrochloric acid, and crystallising 
in yellow needles. Bicrio add gives a salt soluble in water, and also crystallising in 
yellow needles. Auric chloride gives an amorphous precipitate, soluble in hot water, 
from which it separates in brilliant scales. Potassium dichromate, ferro-, and ferri- 
cyanide, iodide, and cyanide, all give yellow precipitates. 

In the formation of this compound, it appears probable that the nicotine is first 
transformed into tetrapyridme, by removal of hydrogen : 2(C^®ff 23- = 

4H-S + and that a substitution of sulphur for hydrogen then takes place 

according to the equation, G'"H‘®N^-l-S-=H“S + G20H*®N-‘S. The substance is there- 
fore thiotetrapyridine. Its relation to nicotine may be shown by the formula 
(C^“H®N2)-S. The action of an excess of sulphur at a higher temperature gives rise 
to another body not yet isolated (Cahours a. Etard, Compt. rend. Ixxxviii. 99). 

IfflOBXXrM, Hb =94. Metallic niobium is obtained bypassing the vapour of 
the pentachloride mixed with hydrogen through a red-hot tube. It has a steel-grey 
colour and splendid metallic lustre; is not attacked at ordinary temperatures by 
hydrochloric acid, nitric acid, or a mixture of the two, but dissolves quickly in strong 
sfflphuric acid, forming a colourless solution. When heated in a stream of air it burns 
to the pentoxide, Hb-O®. It does not unite with chlorine at ordinary temperatures, 
but when heated in the gas it is converted into the pentachloride, together with a 
small quantity of oxychloride (Eoscoe, Chem. Mews, xxxvii. 25). 

Niobium trichloride, NbCP, is obtained by passing the vapour of the penta- 
chloride through a red-hot tube, and is deposited on the sides of the tube in the form 
of a black crystalline film, having the aspect of iodine. It is neither volatile nor 
deliquescent, and is not decomposed either by water or by ammonia, but nitric acid 
converts it into niobic acid. 

When the vapour of niobium oxychloride mixed with carbon dioxide is passed over 
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red-iiot charcoal, no decomposition takes place, but if the carbon dioxide be replaced 
by chlorine, niobium pentachloride is formed. When the trichloride is heated in a 
stream of carbon dioxide, a -white sublimate of niobium oxychloride is produced, 
together with carbon monoxide. This is the first kno-wn instance of the decomposition 
of carbon dioxide by a metallic chloride (Eoscoe). 

Carbonitrides . — When a mixture of niobium pentoxide and sodium carbonate, 
or a niobate containing a little alkali, is heated -with charcoal, an olive-coloured 
crystalline mass is obtained, having, according to the duration of the heating, the 
composition ]S[bO.|NbK or KbG.fNbN. If the heat be kept up for six or seven hours 
at the melting point of nickel, long, highly lustrous, grey-blue needles are obtained, 
consisting of NbC.JNbK. At intermediate temperatures intermediate products are 
formed. These severa.! carbonitrides treated with chlorine yield nothing but niobium 
chlo^de without a trace of oxychloride, a proof that in their preparation from the 
pentoxide the whole of the oxygen has been expelled. At the same time there is 
formed a small quantity of carbon hexchloride, and finely divided charcoal. The car- 
bonitrides heat^J with copper oxide or lead oxide are completely burned and give off 
the whole of their nitrogen. When roasted in the air they yield a very bulky pentoxide 
of niobium. Similar compounds are formed with tantalum (q. v.) (A. Joly, Cornet 
rend. Ixxxii. 1195). 

On the Ferrocyanides of Niobium, see CTAifiDES (p. 6 IS). 


XTioblc Oxide, Acid and Salts. The following hydrates and salts are de- 
scribed by B. Santesson {Bull, Sog. Ckim. [2], xxiv. 52). 

The hydrate, 4H-0,3Nb-0% is prepared from the crude hydrate (obtained by 
fusing niobium pentoxide -with potassium bisulphate and treating the melt with water) 
by dissolving it in hydrochloric acid and precipitating with ammonia. Another 
hydrate, is prepared by precipitating a boiling solution of sodium niobate 

■with dilute sulphuric acid. 

Potassium Niobate (a), 2K20.4Nb-0®-}' llH-0, is obtained by fusing equal parts 
of niobium pentoxide and potassium carbonate, and treating the fused mass with water, 
which leaves the niobate insoluble. 


(5) 2K“O.Nb^O^+ llH-0, is prepared by fusing the preceding salt with a large 
excess of potassium carbonate, and subsequent treatment with water. 

Sodium Niobate {a), Na-O.Nb^O® + 6H-0, obtained by boiling niobic acid w'ith 
sodium hydrate. The residue is separated from the alkaline solution, and dissolved in 
water. After some time the salt is deposited in small crystals. 

(5) 2Na*0.3Nb‘0^ + 9H^O, obtained by fusing niobium pentoxide with sodium 
hydrate, and subsequent treatment with boiling water, which leaves the salt insoluble. 

'T'f.S ) 

Zinc fluoniobate, jjg f Fl^°Nb^ + 28H-0, obtained by dissolving equivalent quanti- 
ties of zinc carbonate and niobic acid in concentrated hydrofluoric acid, crystallises, 
by evaporation, in well-formed prisms, which are insoluble in cold water, decomposed 
by boiling water, and in the air evolve hydrofluoric acid. 

The fluoniobates of cadmium, manganese, cobalt, and nickel are obtained in the 
same way as the above, and have a corresponding composition. 

Iro7i fluoniobate, >FP°Nb-4- 192^0, obtained by dissolving equivalent quanti- 
ties of metallic iron and niobic acid in hydrofluoric acid, crystallises in slender prisms 
of a yellowish colour. 


Co^er fluoniobate, |EP‘^Nb f 9H^0, forms broad flat crystals of a bluish 
colour, which are decomposed by water. 

Mercury fluoniobate, Hg^ET^Nb + 8H“0, is prepared from a solution of equal 
quantities of mercury oxide and niobic acid in hydrofluoric acid. Mercury fluoride is 
first deposited, then a white mass, and finally, when the solution is concentrated, 
the above salt in short prismatic crystals, which are decomposed hy water 
(Santesson). 

According to A. Joly, niobic acid forms four series of salts represented by the 
formulae 


M0.Nb205, 2M0.m20^ SMO.Nb^O^ 4M:0.Eb«0^ 


which may be prepared by fusing the pentoxide with a metallic chloride, and keeping 
the mixture for several hours at a temperature a little below the volatilising point of 
the chloride. In some cases the chloride was replaced by a mixture of a metallic 
fluoride -with a chloride of alkali-metal. 

Magnesium Niobate, 4MgO.Nb^O*, prepared as above, is obtained in large trans- 

voL. vin. 4 X 
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parent hexagonal plates, with a fatty lustre, like that of mica. Sp. gr. — 4*3. A 
prismatic niohate, S^gO.Nb-O^, was prepared in like manner. 

Ccldum IsiohaUa. — The dicalcic salt, 2Ca0,?rb“0®, was obtained by fosing the 
pentoxide with a large excess of calcium chloride, in the form of very distinct rhom- 
boidal prisms. The monocalcie salt, GaO.lSrb’O^ was obtained by fusing together at 
a bright red heat for four or five hours, a mixture of niobic acid, caiciuni fluoride, and 
potassium chloride, the latter in large excess ; but if the fluoride was in excess, the 
salt, 2Ca0.htb‘0®, was formed, together with an oxyfluoride of niobium. 

Mmiganese Niohate, — Manganous fluoride, reacting on niobic acid, gives rise to 
manganese niobate, which is obtained in transparent, rose-colonred, right rhomboidal 
prisms. The action oi ferrous fluoride does not produce a corresponding salt. 

Yttrium Niohate was prepared by fusion, in the form of very small oetohedrons, 
having the composition Y^O’.Nb-O®, which, according to Eammelsherg, corresponds 
exactly with the formula of native yttrium niobate, fergusonite. 

The substitution of tantalie acid for niobic acid gave analogous results in almost 
every instance (see Tantaltjm). » 

Native Niohates, — The following have been examined by J. L. Smith {8ilL Am, 
J", [3], xiii. 361). Columbite from North Carolina. — Found in Mitchel Co., and 
Y^ancey Co., in rocks belonging to the same epoch as those in which samarsMte was 
discovered. Occurs either in crystals, or in masses weighing from 5 to 100 grams. 
Sp. gr. of the crystals -o’562 ; of the massive variety = 6*485. The following is the 
analysis of the two forms : — 

Massive Crystals 

Niobic oxide 80*82 80*06 

Tungstic and stannic oxides 1*02 1*21 

Ferrous oxide 8'73 14*14 

Manganous oxide 8*60 5*21 

Cupric oxide trace — 

99*17 100*62 

Columhiiefrom Colorado, — Some crystals of amazon-stone from El Paso Co. 
were found to have small, black, acicular crystals imbedded beneath the surface. 
These latter were found to have the specific gravity 5* 15. Their composition is as 
follows:— Nb-0® = 79*61, FeO = 14*14, MnO = 4*61 ,* loss by heat = 0*6. 

Samarshite. — Occurs principally in a mica mine, Mitchel Co., N. Carolina. It is 
crystalline, black, brittle; fracture conchoidal; lustre vitreous; hardness — 5*5 to 6. 
Sp. gr. =5*72. Composition as follows : — 



1 

2 

3 

Niobic oxide .... 
Tantalie oxide 

. 65*13) 

• • - ; 

54-96 

r37*20 

118*60 

Tungstic and stannic oxides , 

. 0*31 

0*16 

0*08 

yttria 

. 14*49 

12*84 

14*45 

Cerium oxides (?) . 

. 4*24 

5*17 

4*25 

Uranium oxide 

. 10*96 

9*91 

12*46 

Manganous oxide . 

. 1*53 

0*91 

0*75 

Ferrous oxide .... 

. 11*74 

14*02 

10*90 

Magnesia .... 

. trace 

0*52 

0*55 CaO 

Loss on ignition 

. 0*72 

0*66 

1*12 

Insoluble residue . 

— 

1*25 

— 


99*12 

100*40 

100*36 


Finkener a. Stephans {Verhand. Min, St, Fet, 1863, 13) found 4 per cent, zirconia 
and 6 per cent, thoria in this mineral. 

E 2 ixenite . — Found associated with samarskite, of a hair-brown colour, giving an 
ash-coloured powder, translucent in thin splinters. Fracture suh-conchoidal and 
irregular ; lustre resinoid. Sp. gr. (mean) = 4'608. No crystals were found. Analysis 
gave the following numbers : — 

WO® and Yttrium and 

SnO® cerium oxides CaO HO® MnO FeO H®0 
54*12 0*21 24*10 5*53 9*53 0*08 0*31 5*70 = 99*58 

Fergusonite . — Found in the granite quarries of Eockport, particularly at the 
intersection of two trap dykes. 

The mineral is of a fine, dark brown colour, with a clear conchoidal fracture, and 
resinous lustre. Hardness 6; sp. gr. 5*681; streak light browm; powder ash- 
coloured. When heated to bright redness for 15 minutes, it changes to light greenish- 
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yellow, mth loss of 1’5 per cent. =4875, YW= 46*01, CeO^^ 4*23, FeW, 

and U03 = 0*25, H20= 1*65. 

Aesohynite and Samar shite (Eammelsberg, Jahrh. /. Min, 1878, 529). — 
1. Aesohynite, sp. gr. 5*16, gave by analysis: — 

TiO“ TliO“ Ce=0^La=0^ DPO’ Y^O’Er^O® Fe=0® CaO 

32*51 21*20 17*55 19*41 3*10 3*71 2*50 = 99*98 

Hence tbe formula E"Nb-(Ti,Th)30*S or else E*l!Tb®(Ti,Th)^0^. 

2. Samarshite, (a.) from Minsk, sp. gr. =5*672; (5.) from Mitchell County, 
North Carolina, sp. gr. =5*839. In neither case could Eammelsberg detect the 
presence of acids of zirconium or thorium, which, according to some authorities, exist 
in this mineral : — 

SnO^ TiO“ SiO"* Ta®0* Nb“0» Y=0* Er»0=* Ce“0’(Di) Fe®0®(Y:n) UO=* 

a, 0*22 1*08 — — 55*34 8*80 3*82 4*33 14*30 11*94 = 99*83 


SnO“ TiO» Sip“ Ta»0» Nb=0= Y=0® Ce=0^(Di) Fe=0"(Mn) 

h. 0*16 — 0^ 14*36 41*07 6*10 10*80 2*37 14*61 


UO" 

10*90 = 100*93 


The mineral therefore consists essentially of a heminiobate (tantalate) iso- 
morphously mixed with auranate; and as U : (Nb,Ta)= 1 : 10 nearly, the formula of 
. 8EW02U 

SStUldiTS^ltO IS J^4'Q’5Q21 f ? ^^3 

8(2EW.3Nb205) + 2E20^5XJ03[E=y, Er,Ce(Di),Fe(Mn). 


Hatch ettolite, a new mineral jfrom North Carolina, occurs, associated with 
euxenite and samarskite, in the combination O.co 0 co.SOS, of yellow-hrown colour 
with greyish shimmer, greenish-yellow after heating, It was regarded hy Dana as 
pyrochlore, hut differs ffom that mineral hy containing a larger proportion of 
uranic oxide. 

Bog er site occurs as a deposit, in white hotryoidal crusts — evidently a product of 
decomposition — on euxenite, and more rarely on samarskite. Hardness =3*5. 
Analyses 1, 2, 3, Hatchettolite ; 4 and 5, Eogersite. 


"WO® and Loss on 



lirb’o* 

SnO* 

XJO" 

CaO 

YO 

FeO 

K’O 

ignition 

Lead 


(10 

66*01 

0*75 

15*20 

7*72 

2*00 

2*08 

0*50 

5*16 

trace = 

99*42 

(20 

67*86 

0*60 

15*63 

7*09 

0*86 

2*61 

1*21 

4*42 

trace = 

100*18 

(30 

67*25 

0*91 

16*01 

7*11 

0*64 

2*12 

— 

5*02 

trace = 

99*06 








H®0 



(^0 

18*10 

— 

— 

— 

60*12 

— 

— 

17*41 



(5.) 

20*21 

— 

— 

— 

— 

— 

— 

16*34 




Eogersite is interesting as being the first niohate in which so large a proportion of 
water has been found (J. L. Smith, Comgt. rend, Ixxxiv. 1036). 


An elaborate paper on the metals of the tantalum group has been published by 
E. Hermann (e7. jpr. Chem, 1877, [2], xv. 105-150; abstr. /. Ghem. 1877,288; 

Chem. Soc. J. xxxii. 166), in which — contrary to the view deduced from the experi- 
ments of Marignac a. Blomstrand in 1865, and now adopted by all other chemists — 
he regai'ds these metals as heptads [niobium fluoride, NbF’', niobic oxide, Nb^O^, &c.] 
He further still maintains the separate existence of the metal to which, in 1846, he 
gave the name ^ ilmenium ’ (iii. 244), and is of opinion that the metal which Marignac 
obtained in 1868 (^Comyt. rend, Ixvi. 180) by the reduction of the double fluoride, 
which he supposed to he potassium-niobium fluoride, was really not niobium, but 
ilmenium. 

Lastly, Hermann announces the discovery of a new metal of this group, which he 
names ‘Neptunium.’ Its atomic weight, determined by the analysis of potassium- 
neptunium fluoride, 4KF.Np2F’ -i- 2H-0, he estimates at 118. Neptunium fluoride is 
described as resembling tantalum fluoride in giving with caustic soda an amorphous 
precipitate insoluble in boiling water, whereas the fluorides of niobium and ilmenium 
form with soda-ley crystalline precipitates of sodium salts soluble in 25 pts. of boiling 
water. From tantalum, neptunium is said to be especially distinguished by the fact 
that its fluoride forms with potassium fluoride an easily soluble double salt, whereas 
the fluoride of potassium and tantalum requires 200 pts. of boiling water to dissolve 
it. A characteristic reaction of neptunium is the wine-yellow colour imparted by 
neptunic oxide, and tbe golden-yellow colour by sodium neptunate, to a bead of 
phosphorus-salt, tantalic oxide gi*cing therewith a colourless, niobic oxide a blue, and 
ilmenic oxide a brown bead. A farther distinction is afforded by the reactions of the 

4x2 
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corresponding acids with gallotannic acid, tantalic acid gmng a snlphtiT-yellow, niobic 
acid an orange, ilmenic acid a brich-red, and neptnnie acid a cinnamon-brown pre- 
cipitate. 

TrXTRaCBTASfZZiZBS, C'5H5.NH.C2H2(N02)0. Both this compound and the 
nitraniline prepared from it (mixture of o- and ^-nitraniline, see p. 198), when boiled 
with strong soda-ley, are conrerted, with copious eTolution of ammonia, into para 
nitrophenol (m. p. 11 4®), whereas meta-nitraniline prepared from ordinary dinitro- 
benzene cannot in any way be converted into the corresponding nitrophenol (P. Wagner, 
Ber, vii. 76). 

ZS'ZTBACZSTHZ.aJMIZBB, ^ H-(N02)a0S.NH2 (A. Steiner, Beut. 

Chfm, Gres. Ber, viii. 1177 ; ix. 779). This body is formed, together with ammonium 
thiocyanate, when dry hydrogen sulphide is passed into anhydrous ether in which 
mercuric fnlminate is suspended. The ether filtered &om mercuric sulphide leaves 
on spontaneous evaporation, nitracethiamide, free sulphur, and an aqueous solution of 
ammonium thiocyanate and oxalic acid. The nitracethiamide may Je separated from 
the last-mentioned substances by levigation and washing with water, and obtained in 
the pure state by dissolving it out from the mercuric sulphide with ether. 

^ Kitracethiamide, when examined by the microscope, appears to be made up of 
prisms. It is quite insoluble in water, moderately soluble in alcohol and ether, and 
can he separated from these solutions only by spontaneous evaporation of the solvent, 
since it is decomposed, with separation of sulphur, even below the boiling point of 
ether. It is quickly decomposed on gentle heating with water, still more quickly 
with aqueous ammonia, into carbon dioxide and ammonium thiocyanate, with separation 
of sulphur if the heat be quickly applied. When treated in ethereal solution with 
hydrogen sulphide, it is resolved into oxalic acid, ammonium thiocyanate, and sulphur ; 

2C2HW02S + K-B = -i- 4- S. 

The product did not appear to contain any amines formed by reduction of the nitro- 
group. Nitracethiamide, heated with chloride of lime, yields chloropicrin. 

N-ZTRACETOWAPHTHABZBES, Three isomeric 

bodies of this composition are formed by the action of nitric acid on acetonaphthalene 
dissolved in acetic acid (see Naphthalene). Two of them, a and separate from the 
resulting solution by slow crystallisation, the a-modification in thick prismatic 
crystals, the ^-modification in needles which may be removed by eiutriation. Both 
melt at 171°.. and are converted by alcoholic potash into nitro-naphthylamines, bv 
boiling with caustic soda into nitronaphthols. The mother-liquor from which the 
a- and ^ compounds have separated deposits, on addition of water, a third or 7- 
nitraceio-naphthalide which crystallises in long needles melting at 189®, and reacts 
like the a- and ^-modifications. The following table exhibits a comparative view of 
the crystalline forms and melting points of these isomeric compounds : 

Nitraceto-naphthaHde . . . Ne^edles Prisms Needles 

_ _ ^ . m. p. 171® 171° 189° 

Nitronaphthylamme . . . . „ 191° 168°-159° 191° 

Nitronaphthol 1940 ^28° 164° 

Nitronaphthalene . , . . , 58° 58° 

Amidonaphthol hydrochloride . . ’’ Needles Scales Needles 

Naphthoquinone . . . . „ 125° 125° 

(Liebermann a. Ditto, Ber. vi. 947 ; vii. 240) compare p. 1362. 

M-ZTRACBTOKTZTRZZ*, = CH2(N02).CN. When finely pidverised 

ammonium fulminate is gradually treated with five to six times its weight of ordinary 
suljmiirm acid, the mass becomes warm and gives off carbon dioxide, and if it be 
mrther heated, and not stirred, nitracetonitril is also given off, and may be condensed 
which solidify in the crystalline state. It then forms long colourless crystals 
which melt at a temperature a little above 40°, and dissolve readily in alcohol and in 
ether. In water, the compound forms heavy oily drops. When heated on platinum- 
toil, It burns with a very bright flame. If the action of sulphnric acid on ammonium 
tuiminate he moderated by cooling and agitation, and heat applied from time to time 
on y, then,^ on (muting with a large quantity of water, after the mass has coolea and 
the evolution of carbon dioxide has ceased, a white crystalline precipitate is formed 
consisting of p isomeric or polymeric nitracetonitril, and the mother-liquor contains 
anmoma. Xhis nitracetonitril dissolves in hot water and in strong nitric and sulphuric 
acids, but is insoluble iu cold water, also in ether and in alcohol. It melts, with 
decomposition, at 216°, and detonates when heated on platinum foil. Its aqueous 
solution has an acid reaction, and forms, with mercuric nitrate, a white precipitate, 
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and 'with silyer oxide a 'white precipitate 'which soon turns black. The mercury- 
compound, probably (C-HN*0-)-Hg, is sparingly soluble ir. hot 'water, and detonates 
when heated on platinum foil. Boiling baryta-water decomposes the nitracetonitril, 
'with rapid evolution of ammonia and formation of barium carbonate, the resulting 
solution containing a crystallisable barium salt. By tin and hydrochloric acid, the 
nitracetonitril is quickly reduced to a primary amine (Steiner). 

XSrZTRACST0PH£i!N‘03!ff'S. See PsEiTYii-iiiETHYL Ketoke. 

ZO'ZTRACETOXTZ.ZBZBX:, gee Xylidme. 

lffIT3aACETTri.lW[ESlDEBrE, See Mesityxenes (Airino-), p. 1283. 

E'ZTEAE'XZi, G®(N0“)‘‘0“, syn. with Tetbaniteoqiiinone. See Quinone. 

ETXTE.flt.IfXEXC ACXB, syn. -with BrmTRO-DioxYQinKONB. See 

QurxoiTE. 

ETXTBAXiTZ^XirES. See Benzenes (Niteajjido-), p. 198. 

IxrXTEZFZCA.TXOZS'* The occurrence of nitre in various parts of the earth’s 
surface has been known from the earliest times. It is found in certain eases as an 
efflorescence on soil, on the sides of caves (generally those frequented by animals), 
and on old walls, especially those of stables, Prom this mode of occurrence, the 
name of ‘ Saltpetre ’ is doubtless derived. Large quantities of effloresced nitre are 
collected* in certain districts of North India from the soil surrounding the house 
diains of the villages (W. J. Palmer, Ghem, Soc. J. 1868, 318); this nitre, when 
recrysfallised, forms the well-known East Indian saltpetre. Other well-knoivn nitre- 
yielding districts occur in Algeria (where the mounds covering the sites of ancient 
villages are lixiviated for nitre), at Saragossa and Murcia in Spain, at Tacunga in 
Ecuador, and above aU on the tableland of Tamaragual in Peru, where an enormous 
formation of sodium nitrate is found. 

Chemical analysis has shown that nitrates are far more 'widely distributed than 
would appear from these instances of their marked production; that, in fact, nitrates 
are generally to he foimd in all soils and porous rocks on the earth’s surface, and 
especially in fertile well-manured soils. The amount of nitrates present is extremely 
variable, depending not only on the nature of the soil, hut still more on the immedi- 
ately preceding weather. Nitrates are found in maximum amount after long continued 
dry weather, when the water of the subsoil has been brought to the surface by capillary 
attraction, and the salts held in solution have accumulated there as the water evaporates. 
They are foxmd in minimum quantity after heavy rain, by which they are washed out 
of the surface soil into the sub-soil, a part being in most cases permanently lost by 
drainage into rivers, and finally into the sea. The facts relating to the rise and fall 
of nitrates in a soil are of the greatest importance in practical agriculture, as plants 
derive their chief supply of nitrogen from the nitrates which the soil contains. A 
soil, or porous rock, may be very rich in nitrates -without yielding the efflorescence 
characteristic of nitre-bearing strata; an efflorescence generally occurs only when 
thp nitric acid is combined with potassium ; the nitrate most commonly present in 
soil is nitrate of calcium, and this is too deliquescent in its nature to appear as a dry 
salt, even under favourable conditions of climate. 

The conditions under which nitrates may he formed in soil have been long known. 
The necessity of obtaining nitre for the manufacture of gunpowder led to an early 
attention being given to the subject, and in most countries of continental Europe the 
artificial production of nitre has been conducted on a large scale, and brought to con- 
siderable perfection. This manufacture is now superseded by the production of nitre 
by means of the reaction between Peruvian nitrate of sodium and chloride of potas- 
sium. 

The earliest manufacture of nitre was simply by the lixiviation of old plaster, and 
of the earthen floors of stables, cottages, &c., wood ashes being added to convert the 
nitrate of calcium into nitrate of potassium. The actual production of nitre seems to 
have been first successfully accomplished by dauber in the seventeenth century. 
Numerous investigations on the subject were made during the next century in Sweden, 
Germany, and Prance, the work being stim'ulated by the offer of large prizes by the 
respective governments for the best method of producing saltpetre. The various 
methods thus brought into use were quite similar in principle ; they all aimed at ac- 
complishing in a more rapid manner, and on an exaggerated scale, the process by 
which nitre is naturally produced in soil. 

The materials used for constructing an artificial nitre bed consisted, in the first 
place, of a rich porous soil, that remaining from the lixiviation of a former bed being 
far superior to any other. To this soil were added limited quantities of farmyard 
manure, various kinds of animal and vegetable refuse, and wood ashes or calcareous 
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matter; straw was added, if required, to keep the mass porous, and the whole was 
watered with urine. In this first stage of the process no nitre is formed, putrefac- 
tive change being inimical to the production of nitrates ; the object in view is simplj 
to obtain a soil extremely rich in nitrogenous humic matter. 

Such a soil having been prepared, it is, on the French plan, formed into a long 
mound under a shed erected for the purpose. If the mound of soil is very large, 
aeration may be provided for by tunnels of open woodwork penetrating the mass at 
regular intervals; with ‘smaller heaps it is suiSeient to stir the earth from time to 
time with a rake, or turn it with a spade. The watering of the earth is a matter re- 
quiring great judgment, a certain degree of moisture being most suitable for nitrifica- 
tion ; with an excess of water nitrification will cease altogether, while if the soil is too 
dry the nitrification proceeds but slowly. Urine may be used at first for watering 
the mass, but as the operation advances water o^y must be employed, and in 
diminishing quantity. At the end of two years from the formation of the mound 
the soil will be ready for extraction: 1000 lbs. of the nitrified soil may be expected 
to yield 5 lbs. of crude nitre. ^ 

On the Grerman plan the prepared soil is built into thick walls, 6 or 7 feet high ; 
one side of the wall is plane, the other is disposed in gutter-shaped terraces ; each 
wall is roofed with straw. A series of these walls is arranged on an impervious 
terrace, freely exposed to the weather. The earth is watered when necessary on the 
terraced side of the wall ; any drainage which may occur during heavy rain is col- 
lected, and applied to the earth in dry weather. As the earth becomes rich in nitre 
this salt tends to efBoresce on the plane side of the wall ; this side is then from time 
to time scraped off, the earth thus removed is lixiviated, and returned with fresh soil 
to the terraced side of the wall. The production of nitre on this plan proceeds wdth 
tolerable regularity, and the walls gradually march across the terrace. 

The experience thus gained by practice revealed many of the conditions necessary 
for the production of nitrates in soil. For a soil to nitrify it must have — 1. Free 
access of air ; 2. A suitable amount of moisture ; 3. A suitable temperature (10°-25° 
according to Dumas) ; 4. The presence of a salifiable base, with which the nitric acid 
might combine ; o. The presence of nitrogenous organic matter, which must however 
have passed the first putrefactive stage of decomposition. To these conditions we 
might perhaps add — 6. Darkness, — flight being necessarily excluded from the interior 
of a mass of soil. 

We must now turn to the various theories hy which the process of nitrification has 
been explained. 

As nitre is continually found as an efflorescence upon the surface of the nitrifying 
matrix, it was assumed by the alchemists that nitre was of aerial origin, and this 
theory has been more or less held down to the present day. J. Davy, as the result of 
his examination of the nitre caverns in Ceylon, concluded that the nitric acid was 
formed from the nitrogen and oxygen of the air. Longchamp fully enunciated this 
theory. He regarded the combination of the atmospheric nitrogen* and oxygen dis- 
solved in the water of moist porous bodies as the only source of nitric acid. De 
Saussure and Proust also held that the nitrogen of the air is oxidised to nitric acid 
during nitrification. Cloez, in his excellent lecture on nitrification {Legons de Chimie 
et de JPk?/siqiie professees en 1861 a la Soeiete chimlqiie de Paris), considers that such a 
combination of nitrogen and oxygen is induced by the presence of other matter under- 
going oxidation, and believes that this oxidation of the nitrogen of the atmosphere is 
one of the sources of nitric acid in the nitrification of soil. 

A very similar theory has been held by many chemists to explain the nitrification 
of organic matter. The organic matter during its decomposition is considered to 
evolve nitrogen, and this in its ‘ nascent ’ state is oxidised by the oxygen of the air 
which may be present in a condensed form on the surface of porous bodies. This 
explanation is the one given by Hofmann {ExMUtion Beport, 1862, 47). 

The above theories have also been modified by the substitution of ozone for oxygen. 
According to Schonbein free nitrogen can be oxidised by ozone into nitric acid. The 
same view has been held quite recently by S. W. Johnson. Ozone is assumed to be 
formed during tbe oxidation of the organic matter of the soil, this ozone then attacking 
the free nitrogen present and producing nitric acid. 

■ The trath or fallacy of the theories of nitrification we have just sketched is of tbe 
greatest importance to practical agriculture, for if the nitrogen of the air can be 
oxidised to nitric acid in the soil, it is clear that we have in nitrification an actual 
creation of plant-food. The weight of evidence is however apparently against the 
views just noticed. Hitrogen and oxygen certainly combine at a very high tempera- 
ture, as that given by the electric spark (Cavendish), or produced by heating platinum 
to its melting point (E. Davy), or by the combustion of hydrogen in oxygen ; but at 
somewhat lower temperatures, as that of hydrogen burning in air, no nitcous or nitric 
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acid is produced if the materials used are perfectly &ee from ammonia (L. T. Wright, 
Chm., SoG. tf. 1879, xxxr. 42). Porous bodies also appear to be without effect in 
inducing the combination of nitrogen and oxygen. Neither charcoal (L. H. Wood) nor 
spongy platinum (Nuhlmann) is capable of bringing about the combination of oxygen 
and nitrogen, even at a high temperature. Ozone also appears incapable of oxidising 
nitrogen. Lawes, Gilbert and Pugh found that no nitric acid was produced by passing 
ozonised air for several months over alkaline pumice. Carius has also recently shown 
that ozone is without effect on gaseous nitrogen. A further proof that the nitrogen 
of the atmosphere takes no part in the process of nitrification is afforded by one of the 
experiments of Boussingault {Comp,, Tend,, Ixxvi. 22). He determined the total 
amount of nitrogen in a soil rich in humic matter, and then placed two weighed 
quantities of this soil, one mixed with a small quantity of cellulose, in large glass 
vessels containing an abundant excess of air ; the vessels were then closed and kept 
in a cellar for eleven years. At the end of this time the contents of the vessels were 
analysed. The soils had in each case formed a large amount of nitric acid, but the 
total nitrogen, 'determined by combustion with oxide of copper, was found to have 
somewhat diminished ; the nitrogen of the air had thus not entered into combination. 

The second group of theories we have to notice regards the oxidation of ammonia 
as the source of the nitric acid formed in soil. This view was partly held by several 
of the older chemists, hut was first strongly insisted upon by Kuhlmann. He proved 
by many experiments with powerful oxidising agents that ammonia might readily he 
converted into nitric acid, and concluded that by the action of the porous bodies con- 
tained in the soil the oxidation of ammonia might be effected and nitric acid produced. 
This simple explanation of the phenomenon has been held by some down to the present 
day. Thus Deherain (Wiirtz, Diet, Chim. ii. 564) regards the formation of nitre in the 
walls of stables as due to the simple oxidation of the ammonia vapours in the porous 
brickwork. This theory has also been modified by assuming that the oxidation is 
induced by the disposing influence of other oxidising actions, and by the substitution 
of the action of ozone for that of the oxygen of the air. A further modification of the 
above theory regards ferric oxide as the agent for the conversion of ammonia into 
nitric acid. The latter viewhas been held by P. Thenard, Knop, Haarstick, andPesci. 
On the whole, the explanation of nitrification as due to the oxidation of ammonia has 
been perhaps the opinion most generally held by modern chemists. 

Eespecting this group of theories it will siiffice to state that the oxidation of am- 
monia by ozone has apparently been established by Baumert, Houzeau, and Carius 
{Liebig's Amialen, clxxiv. 31), but that there is very little evidence of the production 
of nitric acid from ammonia by the action of the oxygen of the air at ordinary tem- 
peratures. The power of ferric oxide to convert ammonia into nitric acid is denied by 
Millon and Storer. 

Though, however, the oxidation of ammonia has not been satisfactorily accom- 
plished in the laboratory, save by means of powerful reagents, or at high temperatures, 
there is no doubt that ammonia is rapidly oxidised in a fertile soil, and that this 
oxidation of ammonia is a considerable cause of the production of nitric acid. An ex- 
cellent illustration of the oxidation of ammonium salts by soil is afforded by the 
analyses of the drainage waters from the experimental wheat field at Eothamsted. 
The following table shows the composition of the drainage water running from the 
plots of this field immediately before and immediately after the application of ammo- 
nium salts. The ammonium salts were applied between March 10 and 13, 1879. 


Nitrogen, existing as Nitrates, per million of Drainage water. 


Date of running 

Plots with no ammonia 

Plots receiving 400 lbs. ammonium salts 
per acre 

3 & 4 

5 

16 

17 

7 

10 

11 

12 

13 

14 

18 

Pebruary 16 . 

April 7 . . c , 

3*4 

3*6 

3-7 

2*9 

4*2 

3*6 

3-3 

2-3 

3*5 

39-0 

5*2 

45*4 

4*8 

41*8 

4T 

25-4 

3-8 

29-4 

4*8 

33-0 

4'2 

40-4 


On Pebruary 16 the proportion of nitric acid in the drain-water is uniformly low 
throughout the plots. At the next running of the drains the plots which re- 
ceived no ammonium salts have somewhat diminished their yield of nitrates, while in 
the case of those plots receiving ammonium salts in the interval the proportion of 
nitrates in the drainage water has enormously increased. This loss of nitrates by 
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drainage is a serious cause of diminished fertility to the- soil Further striking 
illustrations of the oxidation of ammonia by soil be found in Frankland's ex- 
periments on the intermittent filtration of sewage {Eivers' Pollution Commission, 1868, 
First Eeport, p. 60). 

Besides the oxidation of free nitrogen and of ammonia, it has naturally been 
assumed that the oxidation of nitrogenous organic matter is a further source of nitric 
acid. The organic matter has been supposed either to yield in the first place nascent 
nitrogen or ammonia, and these to be subsequently oxidised, or the organic nitrogen 
has been regarded as directly converted into nitric acid. The production of nitrates 
by the action of alkaline permanganate of potassium on nitrogenous bodies has been 
held to support the latter view. That nitrogenous organic matter does contribute to 
the formation of nitrates in soil there can be no doubt. In some of Boussingault’s 
experiments {Compt. rend, Ixxxil 477) 50 per cent, of the niu’ogen of rape cake, and 
90 per cent, of the nitrogen supplied as horn filings, were converted into nitric acid 
after mixture with soil. 

The theories explanatory of nitrification just reviewed have Satisfied many 
chemists. Cloez, writing in 1861, says: ‘The question of nitrification appears to me 
to be at present completely elucidated.’ The facts however would be more truly stated 
by saying that chemists had entirely failed, when working with pure substances .in 
the laboratory, to produce nitric acid under the conditions known to occur in soils. 
Boussingault truthfully sums up his own work by saying ‘ It is remarkable that in a 
very large number of experiments made with the view of nitrifying nitrogenous sub- 
stances, I have never been able to discover the least production of nitric acid in the 
absence of vegetable earth.’ 

We turn now to the latest theory of nitrification, which holds that the oxidation 
of ammonia and of organic nitrogen in the soil is the work of a living organism. 

The first suggestion of the possibility of such an explanation was made hy Pasteur 
in 1862. The oxidation of alcohol to acetic acid hy the agency of mycoderms appeared 
to him sufficiently analogous to the phenomena of nitrification to call for a fresh study 
of the subject from this point of view. An opinion of the same character was ex- 
pressed by A. Muller in 1873. He observed that the ammonia of sewage, and of 
certain impure well waters, often changed spontaneously into nitric acid, while similar 
solutions of pure ammonium salts and urea remained unchanged; he suggested that 
the first-named liquids probably contained a ferment which was absent from the pure 
solutions prepared in the laboratory. 

To Schloesing and Miintz belongs the credit of establishing this hypothesis by 
experiment; their first paper on the subject {Compt. rend. Ixxxiv. 301) was published 
early in 1877. They found that sewage might be slowly filtered through a porous 
column of pure sand and limestone without nitrification at first taking place ; after 
twenty days nitrification set in, and the ammonia of the sewage was after this time 
entirely converted into nitric acid. On allowing chloroform vapour to pour on the 
surface of the column of sand and limestone, nitrification was wholly suspended, and 
did not recommence during seven weeks after the chloroform had ceased to be applied. 
The surface of the column was then seeded by the addition of a little vegetable earth 
known to nitrify with ease ; the result was that nitrification of the sewage at once 
recommenced as strongly as before. The evidence is here of two kinds — first, the 
oxidation of the ammonia was entirely prevented by chloroform, which, as Miintz had 
previously shown, suspends the'action of all organised ferments — second, the oxidation of 
the ammonia was induced hy adding to the porous column a few particles of vegetable 
soil. In a second paper {Compt. rend. Ixxxv. 1018), Schloesing a. Miintz show that 
heating soil to 100® destroys its capacity for nitrification. If soil is heated to 100®, 
or treated with chloroform, and then exposed to pure air in a moist state, carbonic 
acid and ammonia are produced, but no nitrates. Nitrification can however be again 
started by the addition of a little imheated earth. A porous medium is also not 
necessary for nitrification ; sewage, or a weak solution containing ammonium salts, 
sugar, and cinereal matter, may be nitrified hy passing over polished pebbles, if a little 
vegetable earth be added as seed. 

Between the publication of the two papers just mentioned the investigation of the 
subject was commenced at Rothamsted {Chem. Soo. J. 1878, xxxiii. 44) ; the results 
were entirely confirmatory of the ferment theory of nitrification. Moist garden soil 
contained in glass tubes was exposed to a current of washed air for several weeks, the 
air in some cases bearing the vapour of chloroform, bisulphide of carbon, or carbolic 
acid. With washed air alone the proportion of nitrates in the soil increased to five 
or six times its ori^nal amount, while where chloroform or bisulphide of carbon vapour 
was introduced no nitrification took place ; the carbolic acid also hindered nitrifica- 
tion, but being retained by the upper portion of the moist soil its action was less 
considerable. A further set of experiments was made with a weak solution of chloride 
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of aminoaiuin, containing about 80 mg. per litre, •with small quantities of tartrate and 
phosphate of potassium, and some precipitated carbonate of calcium. Two bottles of 
this solution were placed in a window, and two in a dark cupboard, one of each set 
being seeded by the addition of a little pasture soil. After three months it was found 
that the unseeded solutions remained unchanged, the seeded solution in darkness had 
completely nitrified, while the corresponding solution in daylight contained no nitric 
acid. The conclusions of Schlmsing and Miintz were thus entirely confirmed, and the 
additional fact made known that light is inimical to the work of the nitrifying 
organism. 

This previously unsuspected action of a living organism throws great light on 
many of the earlier attempts to produce nitrification ; former experiments resulting in 
the production of nitric acid are now clearly valueless as proof of the inorganic 
character of nitrification, unless the conditions of the experiment were such as to pre- 
clude the existence of living organisms. 

The evidence on which nitrification in soil and waters is attributed to the action of 
an organised fe^ent has been fully stated, the subsequent results obtained by 
Schloesing and Miintz {Compt. rend. Ixxxvi. 892; Ixxxix. 891, 1074) and at Eotham- 
sted {Trans. Chem. Soc. 1879, 429) may be more briefly noticed; the subject is still 
hut incompletely investigated. 

The precise nature of the ferment has been sought for by the French experimenters ; 
they found that Pemcillium fflaumm, Aspergillus niger, Mucor miicedo and racemosus, 
and My coderma vim and aceti are all incapable of producing nitric acid. The results 
obtained at Eothamsted also show that the ordinary forms of Bacteria contained in the 
atmosphere are also incapable of effecting nitrification. 

Schloesing and Miintz in one of their later communications describe the organism 
which acts as the nitrifying ferment. They obtained it in a pure condition by system- 
atic cultivation. In the first place a sterilised solution (consisting either of sewage, 
or of artificial mixtures containing ammonium salts with organic and cinereal matter) 
was seeded by the addition of a few particles of vegetable earth. 'Whien nitrification 
was accomplished a fresh solution was seeded from that just nitrified. By proceeding 
thus a number of times the nitrifying organism was separated from the numerous other 
organisms contained in soil. 

The organism thus isolated consists of extremely minute, round, or slightly 
elongated corpuscles, existing either singly or joined in couples; it is of slow growth, 
and multiplies apparently by budding. It thus apparently belongs to the great 
bacteria family, the different members of which effect, as is well known, such powerful 
and divers changes in organic matter. In Cohn’s classification it would probably be 
described as a Micrococcus. The nitrifying organism is not easily distinguishable 
from other organisms of the same class. 

The nitrifying bacterium is abundant in soils ; it is rare to find a particle of ai’abl© 
soil which is not effective as seed. It is also found abundantly in sewage, but only to 
a small extent in running water; in the latter it is found attached to the surfaces of 
solid bodies, and collects at the bottom of the vessel when the water is aEowed to 
stand. Air and rain are apparently; as a rule, free from this organism. 

One of the characteristics of the nitrifying organism is the comparative ease -with 
which it may be destroyed by heat ; ScHoesing a. Miintz found exposure to 90° 
sufficient for this purpose. Desiccation, according to the French experimenters, also 
destroys the organism, even when the drying is conducted at ordinary temperatures ; 
soil may thus lose all power of nitrification by drying at the temperature of the air. 
Long deprivation of oxygen is also fatal. In mediums rich in organic m'^tter mucor 
is the chief enemy to nitrification, and until this fungus has run its course, no nitri- 
fication will occur. 

The investigations at Eothamsted on the conditions under which nitrification occurs 
were made with solutions of ammonium chloride, containing phosphates, and generally 
potassium tartrate ; the solutions were placed in wide-mouthed pint bottles filled to 
the shoulder, ^ving thus at starting a depth of about 5 inches of fluid ; the solutions 
were seeded with a small quantity of a solution abeady nitrified, and generally placed 
in the dark. The conclusions arrived at were as follows. 

A solution of suitable composition will not nitrify when seeded if no salifiable 
base be present. A trace of nitrous acid may be formed, but the action soon comes to 
an end. If a salt of an organic acid is present, as, for example, a tartrate, nitrification 
will proceed slowly in proportion as the organic acid is consumed by the organisms 
present and the base set free. Active nitrification was obtained only in presence 
of calcium carbonate. The nitric fermentation is in this respect analogous to the 
lactic and butyric. Alkali carbonates, including carbonate of ammonium, are, accord- 
ing to Schloesing a. Miintz, equally capable of assisting nitrification, hut if they 
amount to more than two or three thousandths of the solution, they retard or com* 
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pletely arrest the action. Boussinganlt, in his experiments •with soil, did not £nd 
that the addition of lime increased the rate of nitrification ; the soils he employed were, 
however, never quite free from lime, and the quantity artificially added possibly 
produced an excessive alkaline condition. 

The presence of organic carbon should he essential for nitrification if this process 
is really a function of the growth of an organism of low character. Besides the humic 
matter of soil, tartaric acid and sugar have been found effective as organic food ; 
alcohol, glycerin, and albumin were also found suitable by the Branch experimenters. 
The minimum proportion of organic carbon required has not yet been ascertained, but 
3 pts. of carbon present as tartrate have proved sufficient for the nitrification of 10 pts. 
of nitrogen present as chloride of ammonium. 

Light certainly hinders nitrification ; in many experiments light has stopped the 
action altogether, and in others retarded it. The nitrifying organism is not appa- 
rently killed by exposure to light. 

The addition of a small quantity of seed to a suitable solution is not immediately 
followed by nitrification ; a period of inaction follows, which is shp^ter at high tem- 
peratures than at low ones. Thus in the case of 400 c.c. of an 80 mg. per litre chloride 
of ammonium solution, seeded with 1 c.c. of a solution already nitrified, nitrification 
commenced in about thirty-eight days at 7°, and in about ten days at 30°. An 
increase in the concentration of the solution considerably lengthens the period of 
inaction ; in a solution of about eight times the unit stren^, the preliminary period 
of rest was about doubled. 

The limits of temperature within which nitrification will take place are, as at 
present ascertained, as follows. At Eothamsted a purely nitrous fermentation has 
proceeded with some briskness in very weak solutions at 3°, while a nitric fermentation 
in a similar solution almost ceased at 5°. Below 6° Schloesing a. Miintz found 
nitrification to be excessively feeble; at 12° they state it begins to he active. 
Activity rapidly increases with a further rise of temperature, reaching a maximum at 
37°, at which point nitrification is ten times more rapid than at 14°. Above 37° the 
rate of action rapidly diminishes, and at 45° nitrates are formed less rapidly than at 15°. 
At 50° very little nitrate is produced, and beyond 55° there is absolutely no action. 
These determinations of Schloesing a. Miintz differ from the results obtained at 
Eothamsted, where no nitrification was obtained at 40°, though the solutions were 
kept fifty-four days at this temperature and twice seeded. The experiments of 
Schloesing a. Miintz were apparently made with thin layers of solution, exposing a 
large surface to the air ; at Eothamsted the solutions had a considerable depth and 
small surface ; it seems possible that the supply of oxygen was in the latter case 
insufficient for the requirements of a high temperature. 

In experiments made at various temperatures at Eothamsted, the rate of nitrifica- 
tion did not increase so rapidly with the rise in temperature as found by the French 
investigators. Thus with an 80 mg. solution of ammonium chloride, nitrification 
occupied about thirty-seven days at H°, and about eight days at 30°. At a fixed 
temperature the length of time required for complete nitrification appears to vary 
almost directly with the degree of concentration of the solution. 

The rate of nitrification is not uniform throughout its course ; it appears to com- 
mence slowly, gradually attains a maximum of energy, and then becomes slow again 
towards the conclusion of the action. 

The product of nitrification is not uniform, sometimes nitrous, and sometimes nitric 
acid being produced. Nitrites are produced rarely in soil hut frequently in liquids ; 
according to the French observers, their occurrence is determined by an insufficient 
degree of aeration, or by the temperature being too low. They state that a thin layer 
of liquid (1 or 2 mm.), will yield nitrates, and a thicker layer nitrites. The experience 
at Eothamsted has been of a different kind ; a purely nitric fermentation has been 
obtained only in the case of weak solutions nitrified at low temperatures ; in the case 
of strong solutions or high temperatures, nitrous acid was chiefly, if not entirely, 
produced, and was afterwards converted into nitric acid at the end of the reaction. 
In some cases, however, depending on the character of the ferment used, the result of 
the action has been merely nitrous acid, even in the case of cold dilute solutions ; and 
in these cases the nitrous acid is permanent, and is not afterwards changed into nitric. 
The original ferment obtained from pasture soil yields a pui'ely nitric fermentation 
under suitable conditions ; but when nitrified solutions which have been long kept 
are employed as seed, the phenomena just mentioned may occur. Thus it is quite 
possible to seed two precisely similar solutions with two samples of ferment, and 
place the solutions under the same conditions as to temperature and aeration, and to 
obtain in one case a purely nitric, and in the other a purely nitrous fermentation. 
The altered ferment is capable of converting ammonia into nitrous acid, hut not of 
converting nitrites into nitrates. 
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Actual experiments with a solution of potassium nitrite have shown it to be very- 
permanent in the absence of a ferment, to be unaffected by the altered ferment Just 
mentioned, bnt to be rapidly converted into nitrate by the addition of a few drops of a 
solution in which nitrites have lately changed into nitrates. The conversion of potas- 
sium nitrite into nitrate took place only in the dark. 

The whole of the ammonia present in a solution has not been obtained as nitric 
acid, a small part of the nitrogen passing into organic combinations, or being otherwise 
lost. On an average of ten experiments, under different conditions of temperature, 
the nitrogen obtained as nitric acid was 93*7 per cent, of that taken as ammonia, but 
this result is probably somewhat too low. 

Besides the papers already referred to, two papers by Schioesing {Campt. rend. 
Ixxvii. 203, 353), treating of nitrification in soil -with a limited supply of oxygen, and 
of the destruction of existing nitrates when oxygen is withheld, may be consulted with 
advantage. 

E. W. 

ZSrZTRXXiSf B — C“N. Normal Alcoholic Cyanides. — These compoimds are easily 
and completely converted into compound ethers by the action of gaseous hydrogen 
chloride on their solutions in absolute alcohol ; still more readily by the action of 
sulphuric acid. In this manner the ethylic ethers of acetic, propionic, and benzoic 
acids are readily obtained (Beckurts a. Otto, Ber. ix. 1590). 

Vreparation of Aromatic Nitrils. — Experiments by K. Schelnberg {Ber. x. 
746) on the preparation of these bodies have led to the following conclusions : (1). The 
haloid compounds of aromatic hydrocarbons react directly with metallic cyanides. 
(2). Nitrils may be prepared from hydrocarbons and cyanogen gas by direct substitu- 
tion. (3). Nitrils cannot be prepared from hydrocarbons and the cyanides of the 
halogen-elements, the reaction yielding nothing bnt haloid compounds of the hydro- 
carbons and hydrogen cyanide. 

The experiments were made by passing the vapours of the haloid compounds in a 
slow stream over finely pulverised anhydrous of potassinm, mixed with a 
quantity of sand sufficient to prevent melting down, and heated to moderate redness. 
In this manner, chloro- and hromo-henzene yielded benzonitril, C®H^0N (at a higher 
temperature, however ; and especially when a gun-barrel was used instead of a glass 
tube, ammonium cyanide and benzene were formed, with separation of carbon) ; di- 
hromohmzene yielded a small quantity of benzonitril, together with the nitril of 
terephthalic acid. A mixture of ortho- sjtApara-chloro-toliienc yielded the corresponding 
nitrils, convertible into o- and jp-toluie acid ; and hromonaphthalene at a high tem- 
perature yielded a-naphthyl cyanide. It was only in this last case that the yield 
of nitril was satisfactory ; the smallest quantity was obtained in the case of the toluene 
compounds. 

Aromatic nitrils were also produced by heating the corresponding halogen-com- 
pounds with excess of metallic cyanide, to 300°-400° in sealed glass tubes, small 
quantities of ammonia and hydrocyanic acid being also generally formed as secondary 
products, and in many cases cyanogen gas. Under these circumstances, potassium 
ferrocyanide acts bnt slowly on chloro- or bromo-beoizene^ only 20-22 per cent, of the 
theoretical amount of benzonitril being obtained after ten hours’ heating. Crystallised 
bromotoluene is but very slowly attacked by potassium ferrocyanide ; bromobenzene 
and potasmim cyanide yield a smaller amount of nitril than bromobenzene and the 
ferrocyanide ; cMorohenzene and cyanide of lead yielded only a small quantity of 
benzonitril (6*5 per cent, of the theoretical amount), a similar amount was obtained 
with lead cyanide and bromo-benzene, and still smaller amounts by the action of lead 
cyanide on parabromotoluene and bromonaphthalene. Silver cyanide (mixed with 
common salt to facilitate its pulverisation) acts on the halogen-compounds above 
mentioned in the same manner as lead cyanide. lodob&nzme and silver cyanide, 
heated together for ten hours, yielded a quantity of benzonitril from which 26*8 per 
cent, of the theoretical amount of benzoic acid was obtained ; paraiodotohiene is less 
easily attacked; orthoiodotokiene behaves tike iodobenzene. lodmaplithalene (pre- 
pared by the action of iodine dissolved in carbon sulphide on mercury-dinaphthyl) 
yielded with silver cyanide at 350° large quantities ofa-naphthonitril. Benzene, 
tokiene, and naphthalene, heated with mercuric cyanide to 300°-400°, yielded small 
quantities of the corresponding nitrils. 

Benzene-vapour, mixed with excess of cyanogen gas and s|pwly passed through a 
red-hot tube filled with fragments of pumice, yielded, with prussic acid, large quantities 
of benzonitril and small quantities of terephthalonitril ; a small quantity of diphenyl, 
and apparently also of metadicyanobenzene, was formed at the same time (Schelnberg). 

similarly treated yielded large quantities of a-cyanonaphthalene; 
the a-naphthoic acid prepared therefrom melted at 160°. Benzene and cyanogen 
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bromide^ heated together for five or six hours to 220®-240°, are converted partly into 
hydrogen cyanide and bromohenzene, partly into unctuous masses : naphthalene 
and cyaiiogen ^ broniide yield in like manner bromonaplithalene, boiling at 27 6°. 
Dimethylaniline and cyanogen iodide act on one another at ordinary temperatures with 
evolution of heat, forming hydrocyanic acid and monoiododimethylaniline, 
melting at 79°. 

Reaction of Rfitrils with Aldehydes. — "When henzonitril is added, with 
notation, to strong snlphuric acid containing 1-U per cent, paraldehyde, ethylidene- 
dibenzamide, CH®.GH(NHCOC®B[^)“, is produced; and in like manner henzonitril 
and chloral yield trichlorethylidenedibenzamide, CCP.CH(KHOOC®H*)^. 
When henzonitril (2 mols.) is diluted with an equal volume of chloroform^ the mixture 
treated ^th strong sulphuric acid, and methylal (1 mol.) added, methylene-di- 
benzamide, CH^IOTOOC^H^)^, is produced (Hepp a. Spiess, pp. 758, 1313). 

Methylenediphenylacetamide, CH-(NH.CO.CH2.C®H*)2, is obtained by 
heating 1 mol. methylal and 2 mols. a-tolunitril or benzyl cyanide, G®H®.CH^.CiT, first 
with a mixture of equal volumes of glacial acetic acid and strong sulp^Wic acid, after- 
wards with sulphuric acid alone, and pouring the product into water. It forms srdall 
needles which melt at 205°, distils almost without decomposition, is nearly insoluble 
in water, dissolves very sparingly in ether and in ligroin, more readily in carbon 
sulphide, somewhat abundantly in boiling alcohol and glacial acetic acid. By heating 
with hydrochloric acid or alcoholic potash, it is converted into phenylacetic acid ; with 
dilute sulphuric acid and manganese dioxide into phenylacetamide (Hepp, Ber, x. 
1649). 

Triehlorethylidene-diphenylacetamide, CCP.CH(NH.C0.CmC«E«)2 
obtained by similar treatment from benzyl cyanide and chloral, forms small white 
needles, winch sublime before melting, and are as soluble as the preceding compound 
in the liquids above mentioned. In like manner are prepared trichlorethylidene- 
diacetamide from chloral and acetonitril, and tricblorethylidene-dibenzamide from 
chloral and henzonitril (p. 758, Hepp a. Spiess). 

XrZTROBEKZXXiBy C^^H®(N0‘)0-. This compound, treated with tin or zinc 
and hytochloric or acetic acid, is reduced to amidohenzile, G^^H^(NH=)02, which 
crystallises in needles, melts at 94°, and dissolves in 300 pts. of boiling water, very 
easily in alcohol. The sulphate and oxalate are sparingly soluble and crystallise in 
needles ; the hydrochloride, which is the most soluble of the salts, crystallises in 
rhombic laminae having a silvery lustre. The platinochloride is unstable. 

ZrZTROBENZOirB.FHTKYZ.il.lIXIBS. See Naphthtiamines. 

UTZTBOBBXrZOlfZTBZZ.. See Henzonitril (p. 306). 

ZrZTBOBBZO'ZOYB, C®H^(N02)0. This name is given by Lippmann a. Hawliczek 
(Jdeut. Chem. Ges. Ber. ix. 146) to a substance having the composition of nitrobenzoic 
aldehyde, and occurring in the oil which is formed, together with solid metanitro- 
benzoic aldehyde (p. 303), by the action of a mixture of nitric and sulphuric acids on 
bitter almond oil. It is converted by oxidation into benzoic and nitric acids, and 
therefore probably contains the nitro-group in the side chain : 

G®H=.GO(N02) + 0 + H^O = G®H5.COOH + NO^.OH. 

In accordance with this view of its constitution, it does not exhibit the characters 
of p aldehyde, and may be separated from admixed bitter almond oil by means of 
sodium sulphite. It is decomposed by distillation, even under a pressure of 6 lines. 

I9rZTROBROXyEACBTAZirZXiXZ>£S. See Bromanilines, under Phentlamines. 

liirZTROBH>OZVXA3i3rzZiZ3SrBS. See Benzenes (Nitrobromamido-), p. 199. 

ZfZTBOSUTASrs. See Niteoparaefins, under Paraffins. 

3iTZVBOCi3LBBOXi, syn. with Nitromethanb. See Parafjbtns. 

ZQTXTROCOXiOPHTHAZiZSir. See Colophthaxin, under Besins. 

BrXTROCRBSOZiStrx.PHOia’ZC ACXB, C6H2(N02)(GH3)(0H).S03H. See 
Cresolsulphonic Acros (p. 583). An acid of this composition is formed, with evolu- 
tion of nitrogen, by the action of a gentle heat on nitrodiazotoluenesulplionic acid. 
(See Toluenesulphonic Acids.) 

WZYROBTHANE. See Paraffins. 

E'ZTROGEM'. On the Quantivalence of this Element, see Asimonium Salts 
(p. 74), 

Ocewrrence.— Prom H. Draper’s observations on the solar spectrum (Sill. Am. R 
[Sj, xiv. 89), it appears probable that nitrogen exists in the sun. 
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On tie oeciirrence of Nitrogen in Yoleanic Gases, see Volcanos. 

Preparation. — In the preparation of nitrogen by the usnai method from ammonium 
nitrite (iv. 63), "W. Gibbs (Pent. Ohem. Qes. Per, x. 1387) recommends that the 
solution of sodium nitrite and ammonium sulphate be mixed uith a strong solution of 
potassium dichromate and heated ; the nitrogen is then giTen off with effervescence 
and quite free from oxygen-compounds. 

On the effect of the Sikyit EUetric Pischarge on Nitrogen in presence of TV'ater- 
vapour, see Electricity (p. 727) ; also on the oxides N-0 and NO (p. 728). 

On the Eefr active and Pispersive Power of Nitrogen and its Oxides, see 3[noET 
(p. 1183). On the Spectrum of Nitrogen, see Spectral Analysis. 

On the Friction-coefficient of Nitrogen and its Oxides, see Gases (p. 851 ; com- 
pressibility, p. 853). 

The Expansio7i-coefficient of Nitrogen, according to the experiments of Ph. Jolly 
{Pogg. Ann, 1874, Jtibelbd. 82) is 0*0036677. 

On the Liquefaction of Nitrogen, see Gases (p. 857). 

^5so?25^f^b?^?•-Experiments on the absorption of nitrogen by the black decomposition- 
products of carbohydrates have been made by Beh^rain (Compt. re-nd. Ixxvi. 1390). 
The substances experimented on were mixtures of glucose and ammonia, glucose and 
caustic soda, moist sawdust mixed with lime, old vegetable soil, &c. A mixture of 
10 grms. glucose and 40 g. caustic soda absorbed from the air 0*115 g. nitrogen, and 
from a stream of pure nitrogen 0*072 grm. In these experiments, the oxygen of the 
air was found to be converted into carbon dioxide, but the nitrogen had entered into 
combination in such a manner that the substances afterwards gave off ammonia when 
heated with soda-lime. This absorption of nitrogen takes place even at ordinary 
temperatures, and is probably of some importance in the nutrition of plants. 

According to A. Pagel (Pingl. pol. L. cexxv. 308) humus-substances do not absorb 
nitrogen from the air. Bertheiot finds that under the prolonged influence of feeble 
electric tensions, such as may he produced by a voltaic battery with its poles uncon- 
nected, certain non-nitrogenous organic bodies are capable of absorbing nitrogen ; and 
he thence infers as probable that the tissues and organs of plants under the influence 
of atmospheric electricity may take up nitrogen from the air and assimilate it as 
nutriment (Compt. rend. Ixxxv. 173). See also Electricity (p. 728). 

On the Absorption of Nitrogen by Iron, see p. 1113. 

Oxidation. — On the direct oxidation of nitrogen to nitrous and nitric acids, see 
Bertheiot (Coonpt, rend. Ixxxiv. 61). 

On the Heat of Oxidation of Nitrogen, see Heat (p. 952). 

Estimation of Nitrogeyi in Organic Compounds. — Considerable discussion has taken 
place respecting the relative accuracy in the estimation of nitrogen attainable by Will 
a. Varrentrapp’s method of combustion with soda-lime, and by the method of combus- 
tion with copper oxide and collection of the nitrogen as gas, in the manner recom- 
mended by Dumas (i. 242). According to the majority of chemists who have published 
their experience of the two methods, the soda-lime process, when applied to substances 
which are dif&cult to burn, such as albuminoids, meat and other animal matters, or to 
those in which the proportion of nitrogen is small, as in milk-residues, manures, &c., 
gives results lower than those which are obtained by the process of Dumas. (See 
Nowak, Wien. Ahead. Per. [2 Ahth.], Ixiv. 359-376 ; Seegen a. Nowak, J. pr. Ckem, 
[2], vii. 200; Zdtschr. anal. Ohem. 1874,460; Kessler, P^am. Jl Trans. [3], iii. 
328; Bobierre, Compt. rend. Ixxx, 960; Musso, Gasz. chira. ital. 1876, 391, and 
Zeitschr. anal. Ohem. 1877, 406; C. Liebermann, Liebig's Anyialen, clxxxi. 103.) 
According to Marker, on the other hand (Zeitschr. anal. Ohem. 1875, 325), the errors 
in the estimation of nitrogen in gluten and meat by the soda-lime method are insigni- 
ficant, provided the analysis be conducted carefully and with soda-lime free from 
magnesia. Eitthausen also (J. pr. Ohem. [2], viii. 10) finds that this process gives 
resits quite equal in accuracy to those obtained by Dumas’ method, provided the 
substance be fiiiely pulverised and the ammonia he determined, not by titration, but 
by precipitation as platinochloride. (See also Kreusler, Per. vi. 1407 ; Jahresb. f. 
Ohem. 1873, 916.) In the estimation of nitrogen in horn, leather, and wool-refuse, 
E. A. Grete (Per. xi. 1558) recommends that the substance be dissolved in warm 
concentrated sulphuric acid before heating with soda-lime, the results thus obtained 
being higher than those given by the ordinary process. 

A modification of Dumas’ method is described by A. Dupr4 (Bull. Soc. Ohim. [2], 
XXV. 244), and a modification of Maxwell Simpson’s apparatus (i. 243) by W. Hanko 
(Per. xii. 461 ; Ohem. Soc. J. xxxvi. 554). 

Nitrogen Iodide is formed on adding iodine to white precipitate in presence of 
alcohol ; but the reaction may be prevented by the addition of a small quantity of 
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pienoi (G. Eice, Thann, J, Trans. [3], vi. 765). Aecordiag to Champion a. Pellet 
(Bull. 8oe. Chim. [2], xxiy. 447), nitrogen iodide explodes in contact with chlorine or 
hromine. 

WITROGEM* OXXBSS. Formation. — Elaborate experiments by Carins 
{Liebig's Amnalen, clxxxir. 1, 31 ; Bent. Chsm. Ges. Ber. vii. X481) have shown that, 
contrary to the generally received opinion, free nitrogen is not oxidised by ozone ^ in 
presence of water, either at ordinary or at higher temperatures (120°-210°), no acids 
of nitrogen being formed in any ease. The alleged formation of ammonium nitrite by 
the evaporation of water or the condensation of aqueous vapour in air was tested by 
causing purified air to stream through water in a retort heated to temperatures ranging 
from 45°-100° ; but not the least trace of a nitrogen-acid was formed, even though 
each experiment was continued for several days. 

Sehonbein found (1849) that lime-water through which a mixture of nitrogen and 
ozonised oxygen has been passed contained oxygen-acids of nitrogen. Berthelot, how- 
ever, points out that lime-water prepared from ordinary lime contains appreciable 
quantities of calcium nitrate. To avoid this source of error, he ^ssed the same 
gaseous mixture through pure baryta-water, and found that not a trace of nitrous or 
nitric acid was produced. On the other hand, he confirms the observation of Sehonbein 
that nitrous acid is formed during the slow oxidation of phosphorus in the air {Cornet, 
rend. Ixxxiv. 61). 

The experiments of Carius have rendered it probable that a principal source of the 
formation of nitrogen oxides is the oxidation of ammonia by ozone. Electrolytic oxygen 
containing from 2 to 3*5 v. p. c. of ozone passes through dilute aqueous ammonia for 
the most part unaltered, appearing, indeed, not to be absorbed by it more than by 
pure water. If, however, the solution be very dilute (1 .* 2500), a thick white cloud 
forms above the liquid, consisting of products of oxidation mix^ with excess of ozone ; 
this cloud is especially thick with somewhat stronger ammonia, and disappears only 
when the ammonia is extremely dilute. The best mode of proceeding is to pour a 
solution of 0*02 to 0*03 grm. ammonia in 50 c.c. of water into a narrow glass 
cylindrical vessel, the neck of which forms a narrow glass tube 0*6 met. long, so that 
the absorption may be promoted by the long column of liquid and the drops of water 
in the long neck ; it is also favoured by cooling with ice. Nevertheless, such an 
experiment requires the continuation of a stream of richly ozonised oxygen (evolved 
by 12 to 16 Bunsen's cells) for twenty to thirty hours, inasmuch as the greater part 
of the ozone passes through unaltered. In this manner a solution is obtained which 
is mostly very faintly alkaline, but sometimes neutral or even slightly acid. 

Numerous and exact experiments have shown that this solution contains nitrous 
acid, nitric acid, and hydrogen dioxide. The formation of the nitrous acid and 
hydrogen dioxide may he represented by the equation : 

2NH* + 20^ = NO2(NH0 + H-0\ 

That of ammonium nitrate may be explained in various ways : (1). By a simul- 
taneous further oxidation of the nitrite by the ozone. (2). By the action of hydrogen 
dioxide on the nitrite. (3). On the assumption that the oxidation of the ammonia 
partly takes place according to the equation : 

2NH» + 202 ^ N03(NHO + 

The second explanation is perhaps the most probable. Garius was of opinion that the 
oxidation of ammonia by ozone is perhaps the most important natural source of nitrous 
and nitric acids. The modes of formation of these acids in nature established by 
experiment are, according to Garins’ investigations, the following : 

a. From Free Nitrogen. 

(1) . By electric discharge in the air. 

(2) . By oxidation of other bodies in the air. 

h. Oxidation of Ammonia. 

(1). By electric discharge. 

(2I By the presence of so-called alkaline substances. 

(3) . By ozone. 

The efficacy of ozone as an oxidiser of ammonia (whereby nitrous acid, nitric acid, 
pd water are produced) was also noticed by Goppelsroeder {J.pr. Chem. 1871, [2], 
iv. 139, 383). On the _ function of livi^ organisms in promoting the oxidation of 
ammonia and organic nitrogen in the soil, see Niteificatiox (p. 1400). 

IR eduction . — An elaborate research on the reduction of nitric acid and the oxides 
of nitrogen by various metals has been published by J. J. Acworth and H. E. Arm- 
strong {Chem. Soc. J". 1877, xxxii. 54-90^ The action of the metal on the nitric acid 
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is supposed to consist, in the first instance, in the replacement of the hydrogen of the 
acid by the metal, and formation of the corresponding nitrate : 

2HNO^ + H = M(N03)2 + H2, 

the hydrogen, ho'W'ever, not being in any case evolved as gas, but actmg on the free 
acid present, and reducing it more or less completely to nitrous acid, hyponitrous 
acid, hydroxylamine, and ammonia. 


HNO^ 


H- - HNO 2 

+ 

H=0 

HNO^ 

+ 

2H2 = HNO 


2H=0 

HNO^ 

-r 

3H2 = H-N(OH) 

+ 

2H=0 

HNO^ 


4H2 = H^N 


3H=0 


Lastly, the gaseous products vrhich are given off in the solution of metals in nitric 
acid arise from the decomposition and mutual action of the reduction-products above 
mentioned. The nitrogen dioxide evolved results chiefly, if not wholly, from the 
decomposition of nitrous acid : j 

aHN02 rr 2NO + + H^O ; 

it is, however, likewise possible that the dioxide may be produced by oxidation of the 
hyponitrous acid and the hydroxylamine by the nitric acid. The monoxide, N^O, is 
produced either by decomposition of the hyponitrous acid, HNO, or by the action of 
nitrous acid on hydroxylamine. Lastly, the nitrogen which is given off in the free 
state may be regarded as a product of the action of nitrous acid on ammonia. 

The verification of these theoretical deductions requires an exact study of 
the mutual action of the various reduction-produets under all possible conditions ; and 
as a first stage in this extensive research, Acworth a. Armstrong have made a special 
study of the gaseous products of the action of metals on nitric acid, the main results 
of which are embodied in the table on p. 1407. 

Monoxide and Hyponitrous .d-cid. According to Lavre Ohim. Phys 
[ 0 ], i. 209), the heat evolved in the absorption of nitrogen monoxide by charcoal 
amounts to 3718 and its heat of liquefaction to 222*2 gram-degrees. 

Hyponitrous acid, HHO, which Divers obtained by reducing a solution of 
potassium or sodium nitrate with sodium-amalgam (vii. 853), is, according to Zorn 
{Beut. Ckem. Qes. JBer, :s.. 1306), more easily prepared by reduction of the nitrite. 
The resulting solution, after acidulation with acetic acid, gives, with silver nitrate, a 
greenish-yellow precipitate of silver hyponitrite which, by solution in dilute nitric 
acid and gradual precipitation with ammonia, is easily obtained of pure yellow colour. 
It may be dried over sulphuric acid, and may be heated for some time at 100° without 
alteration. When heated with acetic acid, it is resolved into silver acetate and nitrogen 
monoxide. It acts on alcoholic iodides, in some cases with violence. According to 
Tan der Plants {ibid. 235), this salt is not decomposed by diffused daylight ; it is 
insoluble in water, and may be boiled therewith without decomposing. It decomposes 
when heated above 110°, and if it be quickly heated to 150°, the decomposition is 
accompanied by explosion and emission of brown vapours. It dissolves readily in 
dilute nitric or sulphuric acid, but is reprecipitated on neutralisation. It is not 
decomposed by carbonic acid, and caustic soda-ley does not- attack it till heated to 70°, 
It is decomposed by phosphoric acid, acetic acid, hydrogen sulphide, and especially by 
hydrochloric acid, with liberation of hyponitrous acid, which is thus obtained in 
the form of a colourless solution having a strong acid reaction, and forming a yeUow 
precipitate with silver nitrate. The solution is moderately stable, and may even be 
boiled with acetic or nitric acid without decomposing. It colours a mixture of potas- 
sium iodide and starch, and reduces permanganate. Strong sulphuric acid decomposes 
the acid and its silver salt, with evolution of nitrogen monoxide. The same decom- 
position takes place spontaneously when the aqueous solution is left to itself for a 
considerable time. 

Sodium hyyonitnte, NaN0-F3H20, crystallises in white needles. Its solution 
gives, with copper salts, a turquoise-blue precipitate ; with magnesium, manganese, 
zinc, barium, strontium and calcium salts, white precipitates soluble in acetic acid ; 
with bismuth, aluminium, lead, tin, and cerium salts, white precipitates insoluble in 
acetic acid \ with cobalt chloride a red, with nickel sulphate a greenish- white, and 
with mercuric chloride a white precipitate easily changing to brown ; with mercurous 
hydroxide a black, with ferrous sulphate an olive-green, with ferric chloride a yellow 
precipitate. From gold-solution it reduces the metal ; wjth platinie chloride it forms 
a reddish-white precipitate. By heating the silver salt* with ethyl iodide, an ethyl 
hyponitrite is obtained (Menke, CJiem. 80 c. J, xxxiii. 401). 

Bloxide, NO or N^O^. On the liquefaction of this gas, see G-ases (p. 857). ■ 



NITRITES. 


1409 


A lecture experiment to demonstrate the direct combination of nitrogen dioxide 
with oxygen^ and the reaction of the resulting tri- and tetroxide with water, is described 
by G-. Bruylants Chem, Ges. Ser. ix. 7 ; Chem, Soc. J. xxix. 878). 

Nitrogen dioxide may be utilised for the regeneration of manganese residxies. 
Manganous nitrate, heated to 200^^, leares a residue of pure manganese dioxide, and if 
the evolved gases, mixed with a sufficient quantity of air, be passed into precipitated 
manganous hydroxide, a fresh quantity of nitrate will be produced, which may be 
decomposed by heat as before, and so on. Nitrogen dioxide is never reduced by 
manganous hydroxide to the monoxide or to free nitrogen (Kuhlmann, Dingl. ;pol. J. 
ccxi. 25). 

Beaction with Byrogallol, — Nitrogen dioxide is decomposed by an alkaline solntion 
of pyrogallol, more than 60 per cent, of it disappearing and being replaced by monoxide 
and free nitrogen. As, however, the same reaction is produced after some time by an 
alkaline solution of pyrogallol which has become completely saturated with oxygen 
by prolonged contact with the air, and likewise with potash-ley, as observed by Gfay- 
Lussac, — and, nigreover, as even pure water, when heated for a long time with nitrogen 
dioxide in sealed tubes, effects its conversion into nitrous acid, nitrogen monoxide, and 
free nitrogen, — and as, on the other hand, pure pyrogallol exerts no action on nitrogen 
dioxide, it seems probable that the change under consideration is due, not to the 
alkaline pyrogallate, but to the gradual action of the excess of alkaline hydrate present, 
or perhaps to that of products formed by the action of oxygen on pyrogallol. For 
gas analysis, these observations have a practical value, inasmuch as they show that 
a contraction of volume ensuing on the introduction of alkaline pyrogallol into a 
measured quantity of air is not necessarily due to the presence of oxygen (Kussell a. 
Lapraik, Chem. Soc, J. xxxii. 35). 

Trioxide, N-0®. On the formation of this Oxide and of Nitrous Acid and 
Ammonium Nitrate in the soil, &c. see p. 1406. 

On the constitutional formulae of Nitrogen Trioxide and of the Nitrites, see 
Gunsberg {Wien, AJcad, Ber. Ixviii. 49S ; Jahresh.f, Chem, 1873, 218). 

On the Colouring Matters produced by the action of Nitrous Acid upon Phenol, 
and on Liebermann’s reaction, see vii. 901 ; viii. 697* 

Detection and Estimation of Nitrous Add , — ^E. Kopp (Dexit. Chem. Ges. Ber. v. 
284; Chem. Soc. J. xxvi. 91) recommends diphenylamin e as a test for nitrous 
acid. To prepare the reagent, pure sulphuric acid is poured over a few crystals of 
diphenylamine, and a little water is added, whereby a clear solution is obtained which 
produces with nitrous acid a very fine and permanent blue colour. The reaction is at 
least as delicate as that with ferrous sulphate. 

To detect the presence of nitrous acid in waters, H. Kammerer {Jahresh.f. Chem. 
1874, 964) adds to 500 c.c. of the water 1 c.e. of thick starch-paste, a granule of 
potassium iodide, a, pinch of zinc-dust, and finally a quantity of dilute acetic acid (sp. 
gr. 1*04) sufficient to produce a strong acid reaction. The production of a blue colour 
indicates the presence of nitrous acid. Sulphuric acid must not be used in place of 
acetic acid, since it would decompose any nitrates present in the liquid, and the nitric 
acid thereby set free might be reduced to nitrous acid by organic matter. If. however, 
nitrous acid is known to be absent, the starch-paste mixture above described may 
serve for detection of nitric acid by the simple addition of sulphuric acid. According 
to Fresenius, this method is not sufficiently delicate for the detection of small 
quantities of nitrons acid in waters ; but satisfactory results may be obtained by 
acidirying the liquid with acetic acid and distilling. The nitrous acid then passes 
over undecomposed in the first portions of the distillate, and may he determined by 
permanganate solution. This method has the advantage of insuring the absence of 
non-volatile compounds, which might decompose the iodised starch. 

F. Fischer {Dingl. jpol. J. ccxii. 404) considers this last method as the most delicate 
and exact of any that have been proposed for the estimation of nitrous acid in potable 
waters. 

Metallic Nitrites. Observations on the occurrence of these salts in plants 
have been made by P. Genadius {Amer. Chem. v. 7). The characteristic blue colour 
with potassium iodide, starch-paste, and sulphuric acid was immediately exhibited by 
the juice of Lactuca sativa, Lycogerdon esculentum, Taraxacum Dens Leonis. Dahlia 
variahilis, Batata edulis ; gradually and faintly by that of Solarium -pseudo ^capsicum, 
Blantago major ^ Dauctis Carota, Solanum tuberosum; not at all by that of Asparagus 
offidndis, Bheum rhapoKticum, Vitis labrusca, Cannabis sativa, or Zea Mays. The 
bluing is for the most part produced only hy the fresh juice, not by juice a few minutes 
old ; sometimes, however, by juice twenty-four hours old. 

Ammoniu7n Nitrite, NH^NO^. — ^Weith a. Weber {Deut. Chem. Ges. Ber. vii, 

VoL. vni. 4 Y 
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1745) confirm the statement of Garins that ammonium nitrite is never formed by the 
direct combination of water and nitrogen. Berthelot finds, however, that this salt is 
produced when perfectly pure nitrogen gas and water are enclosed between two con- 
centric tubes and subjected to the action of a very powerful Euhmkorff ’s coil, but 
that this effect is not produced by weak electric currents (Bull. Soc. Chim. [2], xsvii. 
338). Zoller a. Grete (JDeut. €hem. Ges. Ber. x. 2145) confirm the statement of 
Schonbein (Jakresb.f. Chem. 1862, 94), which was doubted by Bohlig (ibid. 1863, 167) 
that ammonium nitrite is formed during the combustion of perfectly pure hydrogen in 
perfectly pure atmospheric air. 

On the formation of this salt by oxidation of ammonia, see p. 1406 ; on its pro- 
duction, together with hydrogen dioxide, when a dilute solution of pyrogallolis exposed 
to the air, see p. 1071. 

Botassiu77t and Sodium Nitrites maybe prepared by fusing the corresponding 
nitrates with equivalent quantities of dried potassium or sodium sulphite : 

-h ^ + NO^K. 

The cooled mass is pulverised, and the nitrite is purified by extraction with alcohol 
or by crystallising out the sulphate (Etard, Bull. Soc. Chim, [2J, xxvii. 484). The 
sodium salt is recommended by 0. Lieber (Bingl. pol. J. ccxix. 245) as an anticblor, 
instead of the thiosulphate, as it has the advantage of not depositing sulphur in the 
pores of the tissues. 100 parts of it are capable of counteracting the action of 103 pts. 
of chlorine ; 100 pts. of the thiosulphate neutralise 114-4 chlorine. 

Lead Nitrites . — The basic nitrites of lead have been examined by E. Meissner 
(Jenaische Zeitschrift, [2], iii. 26). The red salt obtained by boiling 1 pt. normal lead 
nitrate with 1-^ pt. granulated lead and 50 pts. water was regarded by Berzelius as 
NO^EPb- or 4Pb0.1S’“0Mi"0 (iv. 73). Meissner finds that, after repeated crystallisa- 
tion from water perfectly freed by boiling from air and carbonic acid, it has the com- 
position N-0®Pb*.B[-0 or 3PbO.EW.H-0 or 2Pb0.(N0-)2Pb.H20. The yellow basic 
nitrite, obtained by digesting 100 pts. lead nitrate with 78 lead, and water at 70°-75®, 
has, according to Meissner, the composition EO-^PbH^ or Pb0.(N02)2Pb.3H-0. 

Tlatinum Nitrites . — See Platoniteites, under Plattnum:. 

Alcoholic Nitrites. Nitrous Ethers. A7ny I Nitrite, — 

For the preparation of this ether, A. Hilger (Arch. [3], iv. 485) recommends 

passing nitrogen trioxide (from As-0^) into amyl alcohol heated to 60°-70°. The 
distillate is shaken with weak aqueous potash, then dehydrated and rectified. The 
pure ether has a pale yellow colour, sp. gr, = 0*902, and boils at 94°-95°. In contact 
with the air it easily decomposes, yielding nitrous acid, valeric acid, amyl alcohol, and 
amyl valerate. According to E. Rennard (Buss. Zeitschr. BJiaron. 1874, 1), a good 
yield is obtained by distilling 30 pts. amyl alcohol with 26 pts. potassium nitrite dis- 
solved in 15 pts. water and 30 pts. sulphuric acid. 

Propyl Ne7rizl(5, NO“(C^H’’), prepared by passing nitrogen trioxide into propyl 
alcohol, has a fragrant odour, sp. gr. = 0'935 at 21® and boils at 43®-46® (Cahonrs, 
Compt. rend. Ixxvii. 749). 

Tertiary Butyl Nitrite, N02.C(CH^)^ is formed, together with a small 
quantity of its isomeride, tertiary nitrohntane, C(NO^)(CH^)3, by treating the 
corresponding butyl iodide with silver nitrite. It is a liquid boiling between 76° and 
78®, and slightly soluble in water (Tscherniak, JDeut. Chem. Ges. Ber. ix. 155). 

Tetroxide, NO- or N-Ob Compomid with Magnesium Phosphate, 2PO'‘MgH + NO^. 
This compound is prepared by dissolving magnesium pyrophosphate in nitric acid of 
sp. gr. 1-25; keeping the solution for some time near the boiling heat to convert the 
pyrophosphoricacid into orthophosphoric acid; then evaporating the liquid on the water- 
bath ; reducing the white gummy fissured acid residue to coarse powder ; and heating- 
it for some time to a somewhat higher temperature, best on a paraffin bath, till it 
has become red-brown and no longer gives off acid vapours. As thus prepared, it is 
a crystalline powder, whitish-yellow at ordinary temperatures, turning rusty brown 
when heated, and recovering its whitish-yellow colour on cooling. At a higher tem- 
perature it gives off water and nitrogen tetroxide, and leaves magnesium pyrophosphate 
(E. Luck, Zeitschr. anal. Chem. 1874, 255). 

Beactions . — Alcoholic iodides are converted by nitrogen tetroxide, with separation 
of iodine, into the corresponding nitrates, e.g. amyl iodide at 147°-150® into amyl 
nitrate, ethyl iodide at 83®-85° into ethyl nitrate. This reaction tends to confirm 
the view that liquid nitrogen tetroxide has the constitution NO^.O.NO, and is not easy 
to reconcile with the formula NO-.NO^ : 

NO^.O.NO + = NO^.O.G'H^ NO I 
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(L. Henry, Btdl. Acad, Belg, [2], xxxviii. 1). This view is also in accordance with 
Exner’s observations on the reaction of nitryl chloride with silver nitrite (vii. 855). 
See, on the other hand, Giinsberg (Wien,. AkadL Ber. [2 Abth.l, Isvlii. 498 ; Jahre&b. 
/. Chem, 1873, 218). 

On the reaction of Nitrogen Tetroxide with Boron Chlonde, see Boeon (p. 342). 

On the Heat of Solution of Nitrogen Tetroxide, see Heat (p. 989). 

Pentoxide, N-0®. The following modification of E. Weber’s method of pre- 
paring the pentoxide by the action of phosphoric anhydride on nitric acid (vii. 
856) has been proposed by Berthelot (Bidl. Soc. Chim. [2], xxi. 53). Phosphoric 
anhydride is added contimionsly and by small portions to somewhat less than 
an equal weight of hydrogen nitrate, NO®H, cooled with ice and salt, care being taken 
that the temperature of lie liquid never rises above 0® ; the thick mass is then intro- 
duced into a wide retort through the tubulus, and very slowly distilled, the retort 
being immediately cooled if the mass shows any tendency to froth over. The nitrogen 
pentoxide then passes over quite pure, and condenses in the receiver to large perfectly 
white crystal^ Towards the end of the distillation, a small quantity of Weber’s 
hemihydin,te, 2N^0^H®0, passes over. 150 grams of hydrogen nitrate thus treated 
yielded 80 grams of crystallised pentoxide. The latter may be kept in stoppered 
glass bottles placed under a bell-jar with sulphuric acid. When exposed to light, it 
is very qnickly resolved into oxygen and the tetroxide. 


Zfltric jELcid, NO®H. Occtirrence in Bain-water. — Observations on the quantities of 
nitric acid and ammonia in the rain-water which fell during the years 1870-71-72 at 
Florence and at a station on Valiombrosa, a spur of the Tuscan Apennines, 957 meters 
above the sea-level, have been published by E. Bechi(Ber. vi. 1203). The following 
are the results per hectare of surface : 

Florence 


Quantity of Rain in cubic meters . 
„ Ammonia in grams 

„ Nitric Acid „ 


f— ' 


— , — 

valiom- 

1870 

1871 

1872 

brosa 

9284 

10789 

12909 

20278 

13226 

10572 

12917 

10433 

15728 

9163 

13057 

11726 


On the formation of Nitric Acid in nature by the oxidation of Ammonia and its 
non- formation by the oxidation of free Nitrogen, see p. 1406. 

A process for the continuous formation of Nitric Acid from Ammonia by means of 
oxygen evolved from a mixture of Manganese Dioxide and Caustic Soda, is described 
by Schwarz (Dmgl.pol. J. ccxviii. 219 ; Ohe^n. Soc. J. xxix. 878). 

On recent Improvements in the Manufacture of Nitric Acid, see H. G-obei (JOingl. 
pol. J. ccxx. 238 ; Chem. Soc. J, xxx. 238). 

On the Thermal relations of Nitric Acid and the Nitrates, see Heat (pp. 952-959, 
965, 973, 981, 984, 987, 993, 995). 

On the action of Nitric Acid upon Metals, see p. 406 ; on Lead Chromate, p. 461. 

Detection. 1. With Ferrous Sulphate. — E. BoJas (Chem. News, xxviii. 248) 
recommends for the detection of nitric acid and nitrates, the use of a solution of 
ferro 2 is sulphate in strong sulphuric acid, the liquid to be tested being carefully poured 
upon this solution by means of a pipette. The solution of ferrous sulphate is prepared 
by mixing the sulphuric acid with 10 v, p. c. of a cold^saturated aqueous solution of 
ferrous sulphate, and heating it to boiling, in order to decompose any nitrogen-acids 
that may be present in the sulphuric acid. 

2. With Bmciiie . — According to E. Reichardt (Arch. Bharm. exiv. 108), the red 
colour which brucine produces with nitric acid is distinctly perceptible in a solution 
of 1 pt. potassium nitrate in 100,000 pts. of water, if to h^f a drop of the liquid to 
be tested there he added 1 or 2 drops ©f brucine-solution, and then gradually from 
a pipette a few drops of strong sulphuric acid. Bottger (N. Rep. Bharm. xxiii. 
120) recommends this method for the detection of nitric acid or nitrates in potable 
waters, &:c. 

Testing of Nitric Acid for Iodine . — According to A. Hilger (Arch. Bharm. [3], vi. 
391), the best method of detecting iodine (i.e. iodic acid) in nitric acid, is to dilute 
the acid with an equal volume of water, agitate it with carbon sulphide, and then add 
a small quantity of metallic tin. The tin then reduce’s the nitric acid to nitrogen 
dioxide and nitrous acid, both of which exert a strong reducing action on the iodic 
acid. 

Estimation. (1). With Indigo . — The method given by Marx (vii. 858) for 
estimating nitric acid in well-water by means of indigo-solution has been modified by 
E. Fischer (J. pr. Chem. [2], vii. 57), in so far that the sulphuric acid is mixed with 
the indigo-solution and added by drops to the water, till a faint greenish tint is pro- 

4x2 
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duced. By this mode of proceeding, the nitric acid is not set free to act on the organic 
matter in the water before the indigo-solution is added. Fischer also recommends 
that the standard indigo-solntion should be prepared with indigo purified by precipita- 
tion or sublimation, as the impurities in commercial indigo interfere with the accuracy 
of the determination {Bingl. pol. J. ccxii. 404 ; ecxiii. 423). 

The following observations on this method have been made by E. Warington 
{Chem. NewSy xsxv. 45, 67 ; xxxix. 285). 

(1). The maximum amount of indigo is consumed only when a sufficiency of 
indigo is present with the nitrate before the addition of oil of vitriol. The plan 
adopted by Marx of mixing the nitrate solution with twice its volume of oil of vitriol, 
and then immediately running in the indigo, always consumes less indigo than the 
nitrate is capable of oxidising. The full amount of indigo can be ascertained only 
by a series of approximating experiments, in which the oil of vitriol is suddenly added 
to the previously mixed nitrate and indigo. (2). The amount of indigo required 
depends greatly on the proportion of sulphuric acid present, and within certain wide 
limits the amount of indigo is less as the proportion of sulphuric ^acid is greater. 
With 10 c,c. of nitre solution 11*3 c.c. of indigo were required, when the indigo and 
nitre were mixed with their own volume of oil of vitriol ; hut 8*9 c.c. of indigo were 
efficient when two volumes of oil of vitriol were employed. (3). The full amount of 
indigo is consumed only when the temperature of the mixture remains sufficiently 
high during the reaction; 100®. 110®, and 120° are given by various writers as 
the minimum temperature. When the reaction is immediate, artificial heat is un- 
necessary ; but when, through dilution of the nitrate, small volume of the liquid, 
weakness of the vitriol, &c., the reaction is tardy, the temperature of the flask con- 
taining the mixture must he maintained by a paraffin or chloride of calcium bath, or 
the results will be too low. (4). The true tint of final reaction is a dull brown, which 
precedes the commencement of green ; the brown tint becomes green when suddenly 
diluted with water. If a solution of sublimed indigotin in sulphuric acid is employed, 

. the tint passes at once from gold to green without an intermediate brown stage, 
(o). When a nitrate solution is diluted, it apparently requires distinctly less indigo 
per unit of nitrate if a double volume of oil of vitriol be employed ; but if a single 
volume is used, the difference is very slight, and in the contrary direction. If two 
volumes of sulphuric acid are employed, the indigo must, therefore, be standardised 
with nitre solutions of several dilutions to ascertain the value of different parts of the 
scale. (6). The influence of chlorides is slightly to diminish the indigo required. 
With '03 to TO gram of chloride of sodium in 10 c.c. of nitre solution, the reducing 
effect of 100 chloride of sodium was equal to IT 6 nitre. With much chloride the 
final tint is^a bright green. (7). Some kinds of organic matter have a powerful 
reducing action. Cane-sugar had a greater* effect the larger the proportion of sul- 
phuric acid and the more dilute the nitrate ; with a ^th nitre solution, and a double 
volume of oil of vitriol, 100 of sugar had a reducing effect equal to 62'3 nitre. The 
solnble humic matter of soils was apparently without influence, determinations of 
nitrate in a kitchen garden soil by the mercury method and by the indigo method 
giving accordant results: only 1 vol. of sulphuric acid was used in this experiment, 
(8). Nitrites cannot be determined by indigo: they oxidise less indigo than nitrates, 
and do not give a sharp reaction ; they must be converted into nitrates by perman- 
ganate before employing the indigo. For details of the experiments on which these 
conclusions are founded, see Chem. Soc. J. xxxv. 578-589. 

(2) . Estimcition of Nitric Acid as Nitrogen Dioxide bg rneans of its action on 
Mercury . — This method, introduced by W. Crum (iv. 88) and improved by Frankland, 
has also been tested by Warington {^Ohem. Soc. J. xxxv. 375), who finds that, in the 
absence of organic matter, and with proper manipulation, it is susceptible of great 
accimacy, and is capable of determining extremely small quantities of nitrates and 
nitrites. ^The natural error of the process is one of deficiency. The presence of 
chlorides in moderate quantity is no hindrance : quantities of organic matter, small in 
relation to the nitrates present, have little or no effect on the results ; larger quantities, 
especially of cane-sugar, may cause a considerable deficiency, which is reduced, but 
not entirely removed, by the presence of chlorides. 

(3) . By Conversion into Ammoma.~a. A mode of estimation founded on the con- 
version of nitric acid into ammonia through the agency of the copper-zinc couple (vii. 
454; viii. 568), is given by T. E. Thorpe {Chem. Soc. J. xxvi. 641). When a strip of 
zinc, coated with finely divided copper (p. 568), is immersed in water containing 
potassium nitrate, no evolution of hydrogen takes place, but a smell of ammonia 
becomes perceptible and free alkali is produced. The conversion of nitric acid 
into ammonia thus effected is complete with the nitrates of potassium, sodium, 
calcium, lead, and probably also with those of silver, mercury, copper, thallium and 
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all otner metals "VThicli are reduced by zinc, so that in these cases ifc may be made the 
fonndation of a quantitative estimation of nitric acid in well-waters/ fe-c. The reduction 
appears to be most difficult in the case of ammonium nitrate. The result may also be 
affected by the concentration of the solution and the quantities of zinc and copper 
employed. If the solution is too strong, nitrogen tetroxide will be evolved, and if the 
quantities of zinc and copper present are insiffideient, the reduction will be imperfect. 

Pinggari {Compt. renJ. ‘Ixxvii. 4S1) digests the substance under examination 
(waters, soils, manures) for two or three hours at 60°-60^ with a mixture of silver 
chloride and potash, whereby the whole of the nitrogen present is converted into 
ammonia, nitric acid, and nitrous acid, and reduces the two latter completely to 
ammonia with aluminium-foil and potash. The ammonia is then determined colori- 
metrically by Kessler’s test, or with phenol and sodium hypochlorite, y. Fr. G-ramp 
{J. Chem. [2], xi. 72), from a comparison of the various methods which have been 
proposed for the estimation of nitric acid, concludes that the conversion of the acid 
into ammonia by means of sodium-amalgam is the quiehest and most exact. 

A comparison of the various methods which have been proposed for the estimation 
of nitric acid, with suggestions for ensuring greater accuracy, is given by J. M. Eder 
{Zeitschr. anal, Chem, 1877,267-314; abstr. Chem, See. J. xxxii. 643); also by 
Gr. Lunge {Ber, x. 1073 ; Chem. Soc, J, xxxii. 642). 

On the estimation of Kitric Acid in Chili Saltpetre and commercial Nitrates in 
general, see P. Jean (Bull. Soc. Chim. [2], xxvi. 10; Jahresb.f. Chem. 1876, 979). 

Valuation of Alkaline Nitrates . — H. JovlMq {Compt. re7id. Ixxvi. 230) con- 
verts these salts into chlorides by ignition with sal-ammoniac, and determines the 
chlorine before and after this operation by titration with silver nitrate and potassium 
chromate. The difference between the two determinations gives the quantity of 
chlorine which has taken the place of the nitric acid, and this number multiplied by 
1'52 gives the amount of nitric acid in the nitrate under examination. In the valua- 
tion of sodium nitrate, the weight of the mass after ignition should come very near to 
that which is obtained by converting the total quantity of chlorine found into sodium 
chloride. If it comes out more than 0*5 or 0*75 times as great as this number, the 
foreign ingredients must be determined quantitatively. In the case of potassium 
nitrate, the quantity of chlorine originally present, reckoned as sodium chloride, and 
the quantity of chlorine equivalent to the nitric acid reckoned as potassium chloride, 
should together give a number somewhat smaller than the weight of the ignited mass. 
Should it be equal to or greater than the latter, the presence of sodium nitrate must 
be assumed, and a quantitative estimation of the potash must be made. 

Metallic Nitrates. 

Ammonium Nitrate, NHSNO*. — G-. Tissandier {Corapt. rend. Ixxxii. 388) has 
described and figured the microscopic appearance of the crystals wffiich remain on 
leaving rain-water to evaporate. These crystals, which Tissandier regards as ammon- 
ium nitrate, exhibit an extraordinary diversity of shape, which he attributes to the 
simultaneous presence of organic substances, since very dilute solutions of ammonium, 
nitrate artificially prepared leave, on spontaneous evaporation, crystals of only one 
kind. 

Observations on the decomposition of ammonium nitrate by heat have been made 
by Berthelot (Compt. rend. Ixxxii. 932). The salt melts at about 152®, but does not 
begin to decompose rapidly till heated to about 210®. Above this point, the decom 
position goes on with increasing rapidity as the temperature rises, and above 300° it 
becomes explosive. The quantity of nitrogen monoxide evolved in this decomposition 
is always below that indicated by theory, because a considerable proportion of the 
salt volatilises nndecomposed. Ammonium nitrate may indeed be volatilised without 
appreciable decomposition by introducing the previously fused salt into a basin covered 
with filter- paper, and placing above this cover a cylinder of stouter paper filled with 
coarse fragments of glass. On slowly heating the basin on a sand-bath, not above 
190°-200°, the salt sublimes in beautiful shining crystals, which collect on the sides 
of the basin or on the lower surface of the paper. Part of it also passes through the 
filter-paper and condenses in the form of a white deposit. As the temperature of the 
paper traversed by the salt may rise above 130° without any sign of alteration in the 
paper, Berthelot infers that the ammonium nitrate in this experiment volatilises as a 
whole, and is not resolved into nitric acid and ammonia, since the paper could scarcely 
remain in contact with free nitric acid at so high a temperature without immediate 
destruction. 

The action of ammonia on ammonium nitrate, and the properties of the resulting 
ammoniated ammonium nitrate have been studied by F. Kaoult {Compt. reyid. Ixxvii. 
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788) -with results nearly the same as those obtained by Divers (vii. 859). Ammonia- 
gas is rapidly absorbed by the nitrate at all temperatures between — 15° and + 25°, 
forming a colourless liquid, the composition of which varies with the temperature ; 
when heated above 25°, it gives off ammonia and solidifies. 100 pts. ammonium 
nitrate under a pressure of 760 mm. absorb the following quantities of ammonia-gas : 


Temperature 



absorbed 


State of Aggregation 

-10° 



. 42*56 


. Liquid 

0 



. 35*00 


• • jj 

+ 12 



. 33*00 


• • ;j 

18 



. 31*50 


• • 5? 

28 



. 23*25 



29 



. 20*90 


! Solid 

30*5 



. 17*50 


• • 5> 

40*5 



. 6*00 


• • i) 

79 



. 0*50 


r- 


At —10° the liquid has the composition NH'*NO®.2NH^ It does not solidify in a 
mixture of ice and salt. Sp. gr. = 1*05. It easily gives off ammonia when heated, 
and the solid compound, obtained by heating it to 28-5°, -has the composition 
By heating the liquid compound in a sealed bent tube, it is easy to 
obtain large quantities of liquid ammonia, 1 vol. of the liquid yielding about ^ vol. 
of the liquefied gas, and leaving a residue of 

BariiLon Nitrate, Ba(NO®)^ — This salt, as first observed by Scacchi {Jahresh.f, 
Ckem, 1860, 13), crystallises in tetartohedral forms, the octohedral faces which occur 
on it easily splitting up into a predominant and a subordinate octohedron. The 
stripe-like elevations and corrosion-figures on the cubic faces of the crystals likewise 
indicate their tetartohedral development (H. Baumhauer, Zeitschr. Kryst i. 51 ; 
"W. J. Lewis, PM. Mag. [5], iii. 453). 

The product of decomposition of this salt by heat consists, according to Eammels- 
berg, not of barium monoxide, as hitherto supposed, hut of a higher oxide, 
Ba®04 = 2BaO + BaO® (p. 143). 

Bismuth Nitrates. — The decomposition of these salts by water has been 
epmined by Yvon {Co^npt. rend. Ixxxiv. 1164). The crystallised nitrate, formed 
either with or without epess of acid, or by evaporating the wash-water which has 
served for the preparation of the basic nitrates, has always the same composition, 
viz. Bi(NO®)=^-l- 5-^H-O. When dried at temperatures above 100°, it gives off nitric 
acid as well as water, whence probably arise the discordant statements that have 
been made respecting the amount of water contained in it. When heated for some 
time in an oil-bath to 120°, it gives off water and acid and leaves a white pulverulent 
basic salt, Bi-N-0® + UH-0. The same composition belongs also to the basic salts 
produced ^by the action of water or of the carbonates of the alkaline earths on the 
normal nitrate. The basic salt thus separated dissolves, as is well known, in a very 
large quantity of water ; and Yvon finds that the solution thus formed deposits, in 
the course of several weeks, small prismatic crystals having the composition 
These crystals, according to measurements by Des Cloizeaux 
{Gomyt. rend. Ixxxiv. 1162), belong to the asymmetric or triclinic system. Their 
principal angles are : 


(110)(n0) or ooP : a5^P = 57° 20'; (001)(110) or OP : ooP=:56° 25'* 
(001)(ll0) or OP : oo^P = 67° 8'. 

The plane of the optic axes is exactly parallel to the edge (110)(100) or co P : oo? od. 
When the basic salt separated by water is repeatedly washed with water or with an 
alkaline carbonate, the compound 5Bi0N0®.3Bi203 + 5iH"0 is obtained (Yvon). 
Similar results with regard to the decomposition of normal bismuth nitrate have been 
obtained by A. Ditte (see Chemical Action, p. 427). 

Cadmium Nitrate, Cd(NO®)2 + 4H20.— The sp. gr. of this salt is 2*450 at 14° 
and 2*460 at 20° (H. Laws, Bill. Am. J. [3], xiv. 281). ’ 

Copper Nitrafe, Cu(N03)2.— When a saturated solution ©f this salt is separated 
by a diaphragm of parchment-paper from a solution of potassium oxalate, there is 
formed, ^ on the side of the paper in contact with tfie latter, a crystalline deposit of 
potassio-cupric oxalate, while potassium nitrate enters into the copper solution 
(Beequerel, Compt. rend. Ixxvi. 245). 

Bidymium Nitrate, Di(KO®)®-h 6H"0. See Didtmixjm (p. 643). 

Lanthanum Nitr ate, La(]S[0®)® + 6H"0. See Lanthanum (pp. 423, 1164). 

Lead Nitrates. — The hexplumhio nitrate, oPbO.PbN^O^H^O or Pb®HKO®, 
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wMeh Berzelius obtaiued by precipitating the normal salt with excess of ammonia 
(iv'. 95), may be regarded as a deriratire of orthonitric acid, and represented 

by the formula : 

0— Pb~OH 



or in the anhydrous state : 

hr(02Pb)(02Pb)0— Pb— 0(Pb02)(Pb02)N. 

Heated to 170® in a sealed tube with ethyl iodide, it does not yield the corresponding 
pentethylic nitrate, but is converted, with formation of ethyl oxide and lead iodide, 
into normal lead nitrate, together with a small quantity of tetraplumbic nitrate 
(Meissner, Jenaiscke ZeitscJirift, [2], iii. zweites Suppl.-Hefr. 26). 

Mercurous Nitrate is decomposed by hydrogen-potassium sulphide, with pre- 
cipitation of m^allic mercury, the supernatant liquid acquiring a yellow colour from 
formation of a polysulphide of potassium (J. Myers, Dent. Cheni. Ges. Bcr. vi. 440). 

Nickel Nitrate. — A solution of this salt is recommended by H. Emsmann 
{Dogg. Ann. Erganzld. vi. 334) as an absorption-preparation. Its spectrum is entirely 
destitute of the extreme colours, red and violet. 

Potassium Nitrate, HHOb — This salt is contained in considerable quantity in 
the leaves of the castor-oil plant. 

On its formation in the soil by the influence of organised ferments, see Hiteipica- 

TION. 

Experiments on the function of ferric oxide in the formation of saltpetre have 
been made by L. Pesci {Gazz. ckim. ital. 1875, 307). The observation that saltpetre 
very generally effloresces from walls of oehreous bricks, led to the inquiry whether its 
formation arose from the oxidation of ammonia by the ferric oxide to which the colour 
of these bricks is due. It was found that ferric oxide, after being exposed to 
ammoniacal vapours for about six days, at 20®-30®, and then exhausted with water, 
yielded a solution containing both nitric and nitrous acids. That this effect was not 
due merely to the porosity of the oxide, was shown by the same effect being produced 
in an atmosphere of carbonic anhydride containing ammonia, with partial reduction of 
the oxide. The reduction was more abundant when the action took place under a 
layer of water. The peculiar fertilising effects of composts containing ferric oxide is 
due to this property of ferric oxide, and for a similar reason oehreous chalk is preferable 
in forming an artificial nitre bed. Several samples of nitre have been found by Pesci 
to contain nitrites. The same observation was made by Bottger in 1869, in purified 
as well as in crude saltpetre. 

Silver Nitrate, AgNO®. — XJranous oxide, added to a solution of this salt, throws 
down metallic silver, the reaction taking place by two stages : first a salt of uranous 
oxide and argentous oxide is formed, and then the uranous salt is converted into 
uranyl salt, the colour of the solution changing from green to yeUow, and at the same 
time the argentous oxide is reduced to metallic silver : 

U02 + 4AgH03 = UCNO*)-* + 2Ag20 

U(]Sr03)^ + 2Ag20 = {UO-X'^O^y + 2AgHO=^ + Ag-. 

Silver is also precipitated from the nitrate, though very slowly, by the oxide XJ®0® 
(Isambert, Coynpt. rend. Ixxx. 1087). 

On the reaction of silver nitrate with hydrogen, see vii. 660. 

Double Salts. — When a solution of the nitrates of silver and potassium, containing 
more than an equivalent of silver nitrate, is evaporated, a double salt separates out, 
having the composition AgNO^.KNO®. With ammonium nitrate a similar compound 
is formed, an excess of silver nitrate, however, being unnecessary. With sodium, 
lithium, and lead nitrates no double salts are formed. On evaporating solutions con- 
taining equivalent quantities of silver nitrate and of sodium or lithium nitrate, no 
double salt is formed, but the silver salt separates out first, though it is much more 
soluble than the nitrate of the alkali-metal. With lead nitrate, also, no double salt 
is formed, but the lead salt, which is less soluble than the silver niti’ate, is the first 
to crystallise out. 

The crystals of the potassium and ammonium double salts are monoclinic. Axial 
ratio a: h \ c= 1*405 : 1 : 1*646. Acute angle of axes = 82® 22'. Double refraction 
negative. The optic axes lie in a plane perpendienlar to the plane of symmetry, their 
divergence for red light being about 4® 25'; for blue light 13® 11'. Strontium 
nitrate containing silver nitrate crystallises in cuho-octohedrons (Bussell a. Maskelyne, 
Proc. Boy. Soc. xxvi. 357). 
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Vaiiadi u 7ii ate. See Vanadium. 

Zinc Niirate, Zd(NO®)^ — ^When nitric acid is treated with a considerable excess 
of pure zinc, a basic salt is formed having the composition — 

Zn(N0^)^6Zn(0H)- + 3H“0- When a neutral solution of zinc nitrate is evaporated 
to a syrup, the whole solidifies to a vitreons mass, which, when treated with water, is 
converted, with rise of temperature, into a vitreous basic salt. The vitreous mass has, 
according to Ordway, the composition 4Zn0.3N-05.3H-0 or Zn0.3Zn(N0®)-.3H“0 
(iv. 107) ; according to Bertels, howpver, it is not of constant composition. The basic 
salt obtained by treating it with water was found by Bertels to consist of 
Zn’H-8N®0‘*i = 4Zn(N03)2iZn(0H)2+llH'-'0 {Jahresb.f. Chem. 1874, 274). 

Nitric Ethers. According to J. Champion {Compt. rend. Ixxiii. 571, 573; 
Ixxviii. 1150), the nitric ethers of the fatty series may be prepared by the action of a 
mixture of nitric and sulphuric acids on the corresponding alcohols (vii. 860) or their 
acid sulphates, the proportions of the acid mixture being varied for the several alcohols. 
Methyl and ethyl alcohol react best with a mixture of 1 pt. nitric an(^ pts. sulphuric 
acid ; the higher alcohols of the series with 1 nitric to 3 sulphuric acid. 

Dichlorhydrin Nitrate, C^H^Cl-.NO^ is formed as an intermediate product of 
the action of nitric acid on L. Henry’s dichlorhydrin, the final product being dichloro- 
propionic acid (p. 87 6). It is a colourless liquid having a peenliar aromatic odour 
and sweet taste, Sp. gr. 1*3 at 7°; boiling point 180° (L. Henry, JDeut. Chem. &es. 
Ber. vii. 409). 

Ethyl Nitrate, C-H^.NO®. — G-. Bertoni (Gass. chim. ital. 1876, 406) prepares 
this ether by a modification of the ordinary process, whereby large quantities of it 
may be obtained in a short time. 150 c.c. nitric acid of sp, gr. 1*36 are poured upon 
10 grams of urea contained in a retort — the acid having been previously heated with 
a small quantity of urea — and heat is applied till the whole of the urea is dissolved. 
150 c.c. alcohol of 92 per cent, are then poured to the bottom of the retort through a 
long-necked funnel, so that the two liquids may immediately mix. The liquid is then 
distilled till the greater part has passed over, and the residue is again treated with 
150 c.c. of alcohol and acid and distilled. After this second distillation, a further 
quantity of ethyl nitrate may be obtained by adding 60 c.c. of alcohol and acid, and 
distilling a third time. 

liTXTH.OGrXi'irCEIHXlNr* See GrrcERiN (p. 875). A comprehensive memoir on 
this compound has been published by A. Brull in the Bulletin de la Societe d' En- 
couragement, 1877, iv. 493, 562. 

STlTSSOlilC ACXBS. See Nitropaeafpins, under Parappins. 

KXTROMBTH-STX.SBlffZOPHXiXS'OlS’B, CJ^H^i(N0-)0. See vii. 861; also 
Toltl-phenyl Iaetokes in this volume. 

WlTROPAKiiPPXXrS. See Pabafpins. 

K'XTROPKOSPKXSNVI.XC iACXB, See Phosphentdic Acid. 

XffXTS^OPl^OPXOPHEiffOXfB, C5H4(N02).C0.C2H5. See Ketones (p. 1152). 

SSriTK-OPSllJSSIDES. It is commonly stated that these compounds are not 
attacked by chlorine. According to E. W. Davy, however (Chem. News, xxxviii. 105), 
chlorine does act on them, very slowly under ordinary circumstances, but much 
more quickly in bright sunshine, under the influence of which it soon decomposes 
them completely. Sodium nitropi'iisside thus treated is resolved into ferric chloride, 
sodium chloride, hydrochloric acid, and the compound C®N^CP^ known as chlorocyanic 
oil. The nitroprussides of potassium, barium, calcium, sine, iron, manganese, and silver 
are attacked in a similar manner, the copper salt being the only one which resists the 
combined action of chlorine and light. Heat, like light, appears to aid the decompos- 
ing action. 

Sodium Nitroprusside has, according to Clarke (Sill. Am. J. fSl xiv. 281) a so. gr 
of 1‘6896 at 25°. Schroder found 1-710 and 1*716. ’ 

Accordiug to Filhol (N. Bep. Bharm. xxiv, 242), a solution of this salt, mixed 
with hydrogen sulphide, is an extremely delicate test for the alkalinity of a liquid, 
producing a blue-violet colour, not only with free alkalis, but also with alkaline 
carbonates, borates j phosphates and silicates. 

XirZTROSACBTJ9LXrxXiXX>XS, or Acetylphenylnitrosa^nine, CH®.CO.N(NO)(C^H5), 
is formed by the action of nitrous acid on acetanilide dissolved in cooled glacial 
acetic acid : ® 

OH®.CO.NH(C®H5) + NO.OH = H^O + GW.CO.N(NO)(C^B.^). 

The reaction, which takes place very nearly in the proportions thus indicated, is com- 
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plete when the solution exhibits a green colour arising from excess of nitrous acid. 
The nitrosacetanilide may be purified by solution in glacial acetic acid and precipitation 
by water. It is a very xmstable compoimd, decomposing, when kept, with erolution 
of nitrous acid ; when boiled with water, it melts and is converted into a greasy mass. 
It dissolves readily in glacial acetic acid, and the solution, when left to evaporate, 
deposits crystals which change into a black substance. By quick evaporation of the 
ethereal solution, slender needles are obtained. With phenol and sulphuric acid, 
nitrosacetanilide gives Liebermann’s colour reactions (vii. 901). It melts at40°-41°, 
and detonates at a higher temperature. Its dust excites sneezing. By reducing 
agents it is reconverted into acetanilide (0. Fischer, Ben ix. 463 ; comp. W. Heintz, 
iUd. 1673). 

Nitrosaceto^paratoluide, OH^C®H^.N(NO)C“H®0, obtained in like manner, 
melts with decomposition at 80% and detonates at a higher temperature (Fischer, 
ibid. X. 969). 

XrXTBOS^^ETOACBT.a.TS (ETH*SrXiZC), 

= 0H».C0.CH:(N0).C00C2H®, 

formed by the action of nitrous acid upon ethyl aeetoacetate, was originally obtained 
as a heavy yellowish oil, which did not solidify at —25°, but after it had remained 
liquid for some months, a small quantity of it suddenly crystallised, and, by introducing 
the crystals thus formed into the liquid acid, a large quantity of it w'as obtained in 
the crystalline state. The crystals are hard colourless shining prisms, melting at 
62°-54° to a transparent liquid which is completely decomposed by distillation 
(Meyer a. Ziiblin, Ber. xi. 320). 

WlTROSAlVIAailffB, C-*H^'(hrO)N-. See Axeaeine (p. 70). 

ZO’XTBOSAITSTRAXiEK'B. See Nitrosoteepenes {infra), 

IM'XTBOSETHirXiAK'XXiZn'B, C®H^]:T(NO)(C“H®). See Ete^lanilinbs, under 
Benzenes, Amedo* (p. 206 ). 

irXTBOSBTHirX.FSBBr-SrXiSBMXCARBAZXBB, 

C®HM^(NO).lffl.CO.OT[.C2H^ 

See Hydeazhses (p. 1055). 

BTXTROSZXfBOXi, C^®H;^=*(N0)K2. See Indole (p. 1090). 

BTXTROSOCHXiORXBHESPBRZBEXrB. See Niteosoteepenes. 

irXTROSODXETHirBA9rXXiZBrE, C®H<(N0).N(C2H5)2, obtained by the action 
of amyl nitrite, alcohol, and hydrochloric acid on diethylaniline, crystallises in large 
prisms melting at 84°, and decomposes at a higher temperature. It dissolves in 
alcohol and in ether, less easily in water. Its salts are yellow, and dissolve readily in 
water and in alcohol. It yields addition-produets (A. Kopp, Ber. viii. 621). 

XrXTROSODXETK-srXi-CARBAREXXkB, 

= (C-H")(NO)N.CO.NH(C2H% 

(E. Fischer, Ber. ix. 111). This compound, which v. Zotta obtained by treating 
diethyl-carbamide with alkaline nitrites {Liebig's A^malen, clxxix. 101), is more 
readily obtained in the pure state by passing nitrous acid in excess into an 
ethereal solution of the carbamide. On leaving the ether to evaporate at a very low- 
temperature, washing the residual oil with water, redissolving it in ether, drying the 
solution with calcium chloride, and again leaving it to evaporate, an oily residue is 
left, from which, after long standing in the cold and in a vacuum, nitrosodiethyl- 
carbamide is deposited in well-defined transparent plates melting at 5°. It is indifferent 
to acids and alkalis. In contact with phenol and sulphuric acid, it produces Lieber- 
mann’s dyes (p. 697). By reduction with zinc- dust and acetic acid it is converted 
into diethylhydrazi ne-carbamide, (C“H^)(NH^)lSF.OO.NH(C“H®). The reduc- 
tion, which should take place at a temperature not exceeding 20°-25°, is complete 
when the liquid no longer becomes turbid on addition of hydrochloric acid and water. 
On evaporating the filtered solution, mixing it with potash-ley in a cooled vessel, 
agitating the liquid several times with ether, and evaporating the ethereal extract, 
diethylhydrazine-carbamide, remains in the form of a colourless .syrup, easily soluble 
in water, alcohol, and ether, not altered by boiling with water, decomposing without 
carbonisation when strongly heated. It has an alkaline reaction, and when dissolved 
in potash reduces Fehling’s solution and platinic chloride. By alkalis, and more easily 
by heating it in a sealed tube on the water-bath with 3 or 4 pts. hydrochloric acid of 
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sp. gr. 1*19, it is resolved, with assumption of water, into carbon dioxide, ethyl- 
amine, and ethyl-hydrazine (p. 1061). The hydrochloride, obtained by 

acidulating its alcoholic solution with fuming hydrochloric acid, and adding ether, 
crystallises in white slender needles easily soluble in water and in alcohol, less easily 
in strong hydrochloric acid, and decomposing when heated. The ^latinochloride, 
(O^H^^N®OCl)-PtCl‘*, crystallises in fine yellow needles. 

luriTROSOBZlVXETHYXiAl^Izri:, = (CH;3)2N— -^= 10 , also called 

Biinethylrntrosamine and H^itrosodimethyUne. The hydrochloride of this base is 
formed by heating a concentrated, acidulated, aqueous solution of dimethylamine 
hydrochloride with potassium nitrite to 60°-70°. It is a yellow oil having a peculiar 
pungent odour, and reduced by zinc-dust and acetic acid to hydrochloride of dimethyl- 
hydrazine, (0H^)“N — (p. 1063), (E. Fischer, Ber. viii. 1587). 

zarZTBOSOBinZETH'Srx.AZd'Z^IliarB, C®H‘‘(N0).N(CH®)2, also called 
nitrosaniline. The preparation of the hydrochloride of this base by the action of 
nitrous acid on dimethylaniline hydrochloride, as practised by Ba^er a. Caro, has 
already been described (p. 205). C. Schranbe (Ber. ix. 716) adds 75 i^ts. amyl 
nitrite cooled to 0° to an ice-cold mixture of 50 pts. dimethylaniline, 100 strong hydro- 
chloric acid and 600 of a mixture of 1 voL hydrochloric acid and 2 vols. alcohol. 

Nitrosodimethylaniline melts at 86°. Its salts, formed by adding dilute aqueous 
or ethereal solutions of the respective acids to an ethereal solution of the base, c^s- 
tallise well for the most part. Especially characteristic is the neutral oxalate, which, 
when recrystallised from wood-spirit, forms brown-red monoclinic crj'stals containing 
2 mols. water. 

Addition-yrodxuits, in large splendid steel-blue crystals, are formed on heating a 
solution of this nitroso-base in alcohol or benzene with aniline or paratoluidine. The 
addition -product of dimethylaniline and nitrosodimethylaniline crystallises from 
benzene in dark-green shining crystals which effloresce quickly on exposure to the air. 
The yhenoUaddition-p-oduct, formed by mixing 2 mols. nitrosodimethylaniline and 
1 mol. phenol, with addition of water, crystallises in brown slender needles which give 
off all their phenol at 70°. Nitrosodimethylaniline also unites with silver nitrate, 
forming an addition-product which may he recrystallised from water at 25°, and then 
forms small dark-blue shining crystals, violet by transmitted light. 

Nitrosodimethylaniline is reduced by tin and hydrochloric acid to phenylene- 
dimethyldiamine, N-H-(C®H^)(CH®)- (see PHENTLENE-nmnNEs). yoiassmm fern- 
cyanide, or better by 'yerrnanganate, it is oxidised to nitro dimethylani line, 
which is a base forming large sulphur-yellow crystals melting at 169°. Nitric acid' 
oxidises nitrosodimethylaniline with gi*eat violence ; nevertheless, it is possible, by 
careful treatment with dilute nitric acid, to carry the action as far as the formation 
of dinitrodimethylaniline, which forms large yellow crystals melting at 73*5°, 
and may he reerystalHsed from ether-alcohol. With aniline acetate, nitrosodimethyl- 
aniline forms azophenine, C®®H^N®0, together with other products (Kimich, p. 138). 

N’lTROSOFORMAE’ZZ.XBE, C«H5.N(N0)(CH0), prepared by the action of 
nitrous acid on formanilide, melts at 39° (Fischer, Ber. x. 959). 

2iriTEOSOFT7RFUBXN'E, C^52;n(i^O)N203. See Fuefueine (p. 837). 

M-XTROSOGVAirZBXTrE, CH^(NO)N3. See Guanidine (p. 904). 

^ ZrZTROSOKETOZrES (V. Meyer a. J. Ziibelin, Ber. xi, 320, 692). 1. Methyl- 
nitro somethylhet one or Nitrosacetone, C^H^NO^ = CH^CO.OH^(NO), is formed 
by the action of nitrous acid on the ethylic ether of acetoacetic acid : 

CH3.CO.CH2.COOC--H5 -h NO.OH = CO= C^H^.OH -i- CH3.CO.CH2(NO). 

To prepare it, ethyl acetoaeetate (1 mol.) is added by successive portions to a solution 
of alcoholic potash (1 mol.) ; the mixture is diluted with water ; a solution of potas- 
sium nitrite (1 mol.) is added; the liquid is acidulated with dilute sulphuric acid and 
again supersaturated with potash ; the unattacked ethyl acetoaeetate is dissolved out 
by ether ; the alkaline liquid left at rest for three Or four days, then again acidulated 
with sulphuric acid, and several times exhausted with ether ; and the greater part of 
the ether is removed by distillation, the remainder by leaving the solution for several 
days over sulphuric acid. The product thus obtained is a light yellow oil, which 
may be made to crystallise by spreading it out on a number of flat-bottomed dishes, 
and leaving these over sulphuric acid. 

Nitrosoacetone consists of silvery plates or prisms melting at 65°, easily soluble 
in ether, and in cold or hot water. It passes over readily with steam, but cannot be 
^stilled alone without decomposition. It has acid properties, and its alkaline solution 
is intensely yellow ; it gives a yellow solution with phenol and sulphuric acid. 

2. Methyl-nitrosethyl KHone or Nitrosomethylaeetone, C‘*H’’NO® = 
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CH*.CO.CH(NO)CH^ is formed by the action of nitrons acid on the ethylic etber of 
metliylaeetoacetic acid : 

CmCO.CH(CH3).COOC2H5 + NO.OH = CO^ + C-H^.OH + CH».CO.CH(NO)CH®. 

It crystallises from water in pearly scales, and from its solutions in etber, aleobol, 
and cbloroform in colourless prisms, which melt at 74°. It boils without decomposi 
tion at 185° ; and has a vapour-density of 3*51, exactly coinciding with that required 
by the formula C^H’NO-. 

Z. Methylnitrosopropyl Ketone or Nitrosethylacetone, ~ 

CH®.CO.OH(NO)(G^H®), obtained like the preceding, forms colourless crystals easily 
soluble in alcohol, ether, and chloroform, melting at 63°-55°. 

Both these nitrosoketones give deep red solutions with phenol and sulphuric acid, 
and a fiery safGca nine-red colour w'hen they are dissolved in aniline, and glacial acetic 
acid is added to the solution. 

lO’XTROSOTRXacSTOM'AMrNrE, C®H»®N202 = C«H^fi(KO)NO (Heintz, 
Liebig's Annalen, cfxxxv. 1 ; clxxxvii. 233). This compound is formed on mixing the 
neutral solutions of triacetonamine hydrochloride and potassium nitrite, and separates 
after a while in long faintly yellowish crystals, a farther quantity of which may be 
obtained by gently warming the decanted liquid, and then leaving it to cool. Nitroso- 
triacetonamine cannot be recrystallised from hot water without loss, as it volatilises 
with the vapour ; but it may be purified by dissolving it in very slightly warmed 
alcohol, and precipitating it at 50° by gradual addition of water. 

ISfitrosotriaeetonamine has a specific gravity of 1*14; melts at 72°-73° ; sublimes, 
though very slowly, below its melting-point ; dissolves readily in alcohol and ether, 
and crystallises therefrom in long needles ; is neutral to litmus-paper. By the action 
of potash, or by prolonged boiling of its aqueous solution, it is resolved into nitrogen, 
water, and phorone : 

+ N2 + H=0. 

When nitrosotriacetonamine is heated with hydrochloric or strong sulphuric acid, 
the greater part of it is converted into triacetonamine ; but at the same time four 
other bodies are formed, viz , two bases — one having the composition C®H^®N-0 — 
whose hydrochlorides are sparingly soluble in water, and two substances which ex- 
hibit the characters of amido-acids. Nitrous acid does not reduce nitrosotriacetou- 
amine to amidonitrosamine. 

The constitution of nitrosotriacetonamine may be represented by one of the follow- 
ing formulae : 

CO— CH® 

I 

■qzqX '■"N N / ^ \OH® 

I 

NO 

igrXTHOSTX.-COMPOUZgrBS. The Sul^phate, H(NO)SOS or 

identical with the ‘ lead-chamber crystals,’ is easily prepared by saturating cold strong 
sulphuric acid with nitrogen trioxide, or by passing sulphur dioxide into nitric acid ; 
most advantageously however by burning a mixture of 1 pt. sulphur with 2 '5 to 3 
pts. potassium nitrate in moist air (Girard a. Pabst, Bull. Soc. Chim. [2], xxx. 531). 
Tilden prepares it by passing the gases evolved from aqua regia and dried by calcium 
chloride into cold strong sulphuric acid. It forms long thin prismatic crystals melt- 
ing at 85°-87°. When gently heated with dried chloride or bromide of sodium, it 
yields the corresponding chloride or bromide, NOCl or NOBr ; and with potassium 
nitrate in like manner it yields nitrogen tetroxide, N-O'*, which may therefore be 
regarded as nitrosyl nitrate, NO.NO® (Girard a Pabst). Compare p. 410. 

Nitrosyl Chloride, NOCl, is an orange-yellow gas which condenses in afreezing 
mixture to a deep yellow liquid boiling at ~ 8°. The density of its vapour was 
found to be 2*33 — 2*29 at 10° (air-1), or 33*5 — 33*0 (H=l); calc. 32*75. The 
dichloride, NOC1-, said by Gay-Lussac to be formed, together with other products, by 
the distillation of aqua regia, was probably a solution of the monochioride in chlorine 
gas. The reaction between hydrochloric and nitric acids may be represented by the 
equation 

HNO^ -i- 3HC1 = NOGl + GP + 2H20 


H®Cv .CH2— GO— GH\ yQB? 

N -^\ 




NO 


^CH3 


(Tilden, Chem, Soc. J. xxviii. 630). 
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l^iirosyl Bromides. — The N QBr, prepared like the chloride by 

distilling nitrosyl sulphate with sodium bromide, is described by Girard a. Pabst as 
an easily deeomposible liquid boiling at 19°. According to Landolt, on the other 
hand, who prepared it by passing nitrogen dioxide into bromine cooled below — 4°, it 
is a blackish-brown liquid which begins to boil and give off brown-red vapours at 
— 2°, sinks unaltered in very cold water, begins to form bubbles of nitrogen dioxide if 
heated therein to 14°, and if then stirred with a sharp-edged glass rod or a wire, gives 
off torrents of gas, being decomposed in the manner represented by the equation 

SNOBr -}- 2H20 ^ 3HBr -f NO^H + 

The trihromide, NOBr®, is formed by decomposition of the monobromide, and 
remains as a dark brownish-red liquid when the temperature is allowed to rise to 
about 23°. It is also formed by saturating bromine with nitrogen dioxide at ordinary 
temperatures, and Muir has shown {Chem. 8oc. J. xxviii. 844) that the compound thus 
formed has the same composition whether the absorption tak^ place under the 
ordinary atmospheric pressure or at any lower pressures down to 1250 mm. It has a 
specific gravity of 2‘628 at 22*6°, volatilises almost without decomposition when 
quickly heated, but is resolved by slow distillation into nitrogen dioxide and bromine 
(Landolt, loc. cit.) 

I!irXTROTOXi7Xr-PHE2!irirXi SBTOHiTSS. The mo}i07iziro-derivative, 
i^drojnethylbenzophenone), obtained by the action of fuming nitric 
acid on solid paratoly 1-phenyl ketone (p. 1154), is identical with that which Milne 
obtained (Ber. v. 683) by heating benzyl-toluene with nitric acid of sp. gr. 1*4. 
It crystallises from hot alcohol in broad shining laminae or in needles, melts at 
126°-127°, and sublimes easily in shining laminae; dissolves readily in chloro- 
form, benzene, and hot acetic acid. When its solution in glacial acetic acid is 
boiled with clmmic acid, benzoic and nitrobenzoic acids are produced, the latter 
melting at 140°, and yielding a barium salt which crystallises with 4H20. The 
greater part of the nitro-ketone is however completely burnt, and it has not been 
found possible to obtain the first product of the oxidation, viz., mononitrobenzoyl- 
benzoic acid (Plascuda a. Zincke, Ber. vii. 982). By tm and hydrochlorio acid, 
the nitroketone is converted into the corresponding amido-compound, which is 
precipitated from its solution in hydrochloric acid by soda-ley, in the form of a 
loose white powder. It dissolves readily in alcohol and ether, and forms with acids 
uncrystaUisable salts which dry up to gummy masses (Milne). 

JDinitro-tolyU^henyl Ketone, C’‘*K®(N0-)-0, is formed by boiling dinitro- 
benzyl-toluene (vii. 183) for a considerable time with nitric acid of sp. gr. 1*4, or by 
heating its solution in glacial acetic acid with chromic acid. It crystallises from 
acetic acid in thick yellowish needles, from alcohol in silky laminae ; melts at 1 26°- 
127° ; decomposes without subliming at a higher temperature ; and dissolves with 
moderate facility in benzene and in chloroform, less easily in ether. By oxidation it 
is converted into paranitrobenzoie acid and dinitrobenzoylbenzoic acid, C^^H®(N0-)20®, 
melting at 211°-212° (Plascuda a. Zincke). 

Trinitro-tolyl-pJienyl Ketone, C^^H°(N0-)^0, obtained by adding solid tolyl- 
phenyl ketone, or its mono- or dinitro-derivative, to a mixture of nitric and sulphuric 
acids, crystallises from acetic acid or alcohol in small, yellowish, well-defined prisms ; 
melts at 166°, and decomposes at a higher temperature without subliming (Plascuda 
a. Zincke). 

SrOMEWCXiATlTRE. Suggestions with regard to Chemical Nomenclature, 
chiefly with the view of securing uniformity of termination in the names assigned to 
different classes of compounds, have lately been drawn up by the Council of the 
Chemical Society, and published in the Journal of that Society (1879, vol. xxxv. 
pp. 277-280). 

The terminations recommended are for the most part the same as those which 
have been used in this Dictionary (see vol. iv. p. 1 33) ; but attention may be especially 
directed to the recommendation respecting the use of the terminal ^ oV for all 
hydroxyl-derivatives of hydrocarbons, in other words for all compounds of alcoholic 
character, and its absolute restriction thereto. Thus glycerin, erythrite, mannite, 
hydroquinone, resorcin, pyrocatechin, saligenin, are in future to be called glycerol, 
erythritol, mannitol, quinol, resorcinol, catechol, saligenol ; and, on the other hand, the 
ethers of the phenols, e.g. C^H^OCH^ C®H^OC2H^ &c., hitherto called anisol, 
phenetol, &c., are to be designated as anisoil, phenetoil, &c, ; and certain aldehydes, 
hitherto denoted bynames ending in ol, are to be designated, like aldehydes in general, 
e.g. the so-called furfurol as furfuraldehyde or furfural. Other compounds which are 
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not alcohols, but bare hitherto been known by names ending in ol, may be repre- 
sented by names ending in ole — e.g. indole instead of indoL The hydrocarbon 
and its homolognes, sometimes called benzol, toluol, &c., are to be called benzene, 
toluene, &;e. 

Another point deserving of special remark is the use of the terminations ine and 
hi, the former for organic bases, ethylamine, aniline, toluidine, quinine, moi^hine, &c., 
the latter for certain neutral compounds, viz. glycerides, glucosides, bitter principles, 
and protei'ds, e.g. palmitin, amygdalin, albumin, casein,* &c. 

IfOSrTROXrZTB. A mineral resembling nontronite (iv. 134) has been found 
by A. Schranf [Jahrh.f. Min. 1877, 2o5) in the Wenzel shaft at Mugrau in Bohemia, 
forming layers of lenticular nodules alternating with graphite. Under the microscope 
it appears to be made up of irregular, semitransparent laminae, exhibiting slight 
double refraction. The amount of water varies considerably. The following analyses 
relate to material well dried in the air ; the powder, after drying over sulphurio 
acid, gave 13*59 per cent, water ; after exposure to moist air, 22*02 per cent. 

SiO“ A1»0“ CaO MgO H®0 

43*98 27-50 4*16 2*97 1*77 19*62 = 100 

42*93 28*91 3*19 3*35 2*84 18-32 == 99*54 

These analyses may be represented by the formula ; 

Ca^Mg^Al^Pe^WOs^ + 40H2O = + iOH^O. 

la'OianrZ.ACZSXirXiXIK'Z:, or Butylid&ne, is formed from 

the methyl -nonyi ketone which is the chief constituent of rue-oil (vii. 808), by treat- 
ing this ketone with POP, and abstracting 2 mols. HGl from the resulting chloride, 
CH^.CCP.C^H^®, by the action of potash. It is an oily liquid, boiling at 215°-220°, 
and forming with ammoniaeal silver-solution a white precipitate, C^^H^®Ag, with 
copper-solution a yellow-brown precipitate (Bruylants, Ber, viii. 406, 410). 

^NTORTOXO-’S SAXiT, PtCPOH^. See PLArmuM Chlobibes. 

M-OSEAWr-AWDESITE. See Isenite (p. 1125). 

XflTOSEAN'-XKODa'OIiZTE. A specimen of this rock from Hohentwiel in Hogan 
has been analysed by J. Bernath {Jahrh.f. Min. 1877, 740) : 

A. Fresh rock ; 55*9 per cent, soluble, 44*1 per cent, insoluble. B. Weathered ; 39 per cent, soluble, 
61 per cent, insoluble. 

SiO® Al^O^* K'a=0 K“0 CaO H»0 Fe®0’ FeO MgO 

55*214 21*782 10*637 3*475 2*097 2*069 2*061 2*006 0*127 = 99*468 

55*842 19*871 8*058 6*231 ~ 3*874 2*583 1*549 1*810 = 99*818 

Moreover, in A, 0*646 per cent. SO^ 0*074 Cl. In both, traces of manganese, titanium, and btbium. 
Sp. gr. of A = 2*54 ; of B, 2*41. 

ZO-OVACUXiXTE. An analysis, by G. E. Wait, of this material, also called 
Ouachita Whetstone, from Hot Springs, Arkansas, has been published by J. W. Mallet 
{Chem. News, xxviii. 272) : 

SiO“ A1®0® MgO ITa^O Sp. gr. 

99*635t 0*113 0*087 0*165 == 100 2*649 

The mass, of which a small proportion is soluble in caustic soda, is essentially a crypto- 
crystalline quartz containing, in addition to the above constituents, traces of potassium 
and iron. 

WXrciW. This substance, also called Juglone, which Vogel a. Eeischauer obtained 
from the green shells of walnuts (iv. 143), has been analysed, together with the copper- 
compound obtained by precipitating its alcoholic solution with cupric acetate, by 
Reiscbauer {Beut. Chem. Gres. Ber. x. 1642), "who finds it to have the composition 

G3S£12010^ 

XftrcXTE. A variety of glucose, obtained from the leaves of the nut-tree. 

Xa-irCEBZXr (iv. 143 ; vii. 862), This substance has been found in the human 
brain to the amount of 1*4 pts. in a thousand (Greoghegan, Zeitsohr. physiol. Chem. i. 
330) ; in the spermatic chords of the salmon, to the amount of 48*7 per cent., united 
with an organic base called protamine (Miescher, Ber. vii. 376) ,* and in the casein 
of cows’ milk (Lubavin, ihid. x. 917). Pure nuclein from this last mentioned 

^ This distinction was suggested many years ago, by Dr, Hofmann, and bas been uniformly ob 
served in this Dictionary ; but many writers unfortunately neglect it, and use tbe two terminations 
indiscriminately. 

t Determined by difference. 
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source may be obtained by digesting commercial casein (previously treed from 
fat in an extraction-apparatus) with, artificial gastric juice at 40° ; washing the 
undissolved residue with hot and cold water; then dissolving it in a 1 percent, solution 
of sodium carbonate ; precipitating the filtered solution with weak hydrochloric acid ; 
and washing the precipitate with water, alcohol, and ether in succession. That 
nuclein is not a phosphate of casein is inferred by Lubavin from the following facts : 
When a solution of nuclein in excess of sodium carbonate is dialysed, the diffusate 
does not exhibit a trace of phosphoric acid till decomposition has set in. Nuclein 
cannot be prepared synthetically from casein and sodium phosphate ; from a solution 
of casein in that salt, magnesia-mixture throws down the whole of the phosphoric 
acid, whereas the phosphoric acid of nuclein is not precipitated by similar treatment. 
When a solution of casein in aqueous sodium phosphate is mixed with 1 per cent, 
hydrochloric acid, the precipitate formed by the first drops of acid disappears on 
fiirther addition, and the resulting solution gives a precipitate when cautiously 
neutralised with ammonia or mixed with solution of common salt or sal-ammoniac. 


Lubavin regards nuclein as a mixture of at least two distinct eoppounds, inasmuch 
as the partial precipitates obtained from its solution in sodium carbonate by successive 
addition of equal amounts of hydrochloric acid differ from one another in composi- 
tion, and the precipitates formed by successive addition of equal amounts of hydro- 
chloric acid, likewise differ in quantity. The isolation of the chemically distinct 
individuals existing in nuclein has not yet been accomplished. Nuclein has a marked 
acid character; it reddens litmus and decomposes carbonate and even acetate of 
sodium. The solution of nuclein in c sodium acetate gives precipitates, with zinc, 


copper, and lead salts ; the lead precipitate is white, granular, and easy to wash. 
The precipitation of nuclein by lead acetate is not complete, and fractional precipita- 
tion 3 rields precipitates containing different quantities of lead (Lubavin). 


Digestibility . — From experiments 'hj A. 'Eok&j {Zeiischr. physiol. Chem. i. 157), it 
appears that nuclein is not attacked by any of the digestive ferments, and that it is 
probably a constant constituent of fecal matters, since it is present in nearly all kinds 
of food. 


WUX VOlWXCiL. According to C. Bullock (Dharm J. Trans. [3], v. 326), the 
oil of Nux vomica, separated in the preparation of the extract, contains both strychnine 
and brucine. 


0 . 


OBSZBZASr. Obsidian from Antisana has been found by G. vom JRath {Zeitschr. 
geol, G-es. xxvii. 295) to contain : 

SiO“ Fe“0“ CaO H=0 Sp.gr. 

77*76 18-14 1*47 ' 0-63 7*00 0*24 = 100-24 2-320 at 10° 

An analysis by J. A. Oabell of the outer crust of a mass of obsidian from Lipari, 
which had been exposed to the action of volcanic vapours, has been published by 
J. W. Mallet {Chem. News, xxviii. 272): 

SiO=* A1®0“ CaO Fe^O* Fe“01« H=Ot Sp sr 

93*46 0-37 0-74 0-37 0-15 4*55 0*08 = 99*72 2-062 

Tumefaction of Obsidian by Obsidian when strongly heated swells up 

suddenly, and is converted into pumice. This result is attributed bv Boussingault a. 
Bamour {Compt, rend, l^vi. 1158 ; Ann. Chim. Phys. [4], xxix. 543; Chem. 8oo. J. 
xxvi. 856) to a sudden disengagement of vapours of water and hydrochloric acid, the 
latter resulting from the action of the silicates on the chlorides contained in the 
mineral. The following are some of the analytical data on which this conclusion is 
founded : 

A. Loss on ignition. B. Direct estimation of the water. C. Of the hydrochloric 
apid. D. Amount of chlorine reckoned as HOI. E. After fusion. The whole of the 
values are calculated in percentages of the substance experimented on. 

^ Above 100®. f At 100®. 



OCTANE. 


1423 


• 

A 

B 

C 

D 

E 

Volcano of Parace (Pasambro, 






Golumbia) .... 

0*556 

— 

— 

— 

— 

Mexico ..... 

0*211 

— 

— 

— 

— 

Mexico 

0*630 

— 

— 

— 

— ^ 

California 

0-104 

— 

— 

— 

— 

Ecuador 

0*118 

— 

— 

— 

— 

Caucasus 

0-168 

— 

— 

— 

— 

Cerro de las Navajes (Mexico) . ! 

0*330 

0-277 

0*104 

0*2550 

0*0904 

Iceland 

0-450 

0-394 

0*0575 

0*1936 

0*0968 

Mexico 

0*690 

0-636 

0*112 

0-2497 i 

0*0968 

Ecuador ..... 

0*235 

0-121 

0-0186 

0*0870 

0*0662 

Lipari 

0*730 

0*4715 

0-144 

0-2750 

0*1327 


ir 


OCTABXXXiTX: COBil.XiT-COniPOTJXa'BS. See CoBiXT (p. 546). 

OCTilSirx:, The octane obtained by the action of zinc and hydrochloric 

acid on methyl-hexyl-carbinyl iodide, (CH®)CHI(C“H*^) (from castor-oil alcohol, vi. 
877), has the same boiling point (124®) and sp. gr. (0*7083 at 12-5®) as that which is 
produced by the action of sodium on normal butyl iodide (vii. 867) ; it is, therefore, 
normal octane, GH^(GH^)®.CH^; and this conclusion is in accordance with the fact 
that the methyl-hexyl carbinol from castor-oil is converted by oxidation into normal 
caproic acid (Sehorlemmer, Che7n. Soc. J. [2], xii. 1029). 

An octane, perhaps identical with the preceding, is obtained, together with other 
paraffins, among the products of the distillation of fatty acids with overheated steam 
(Cahours a. Demargay, Compt. rend. Ixxx. 1568). 

Bi-isoT>utyl, (CH2)2CH.GH‘.GH^GH(OH3)2. This is the octane which Kolbe 
obtained by the electrolysis of potassium valerate, and Wurtz by the action of 
potassium or sodium on isobutyi iodide (v. 731). Sehorlemmer (Prnc. Boy. Soc. 
1876, 34) obtained it by the action of sodium on a mixture of the iodides of iso- 
propyl and isopentyl (amyl) ; and it has lately been further investigated by W. Carleton- 
WiUiams {Chem. Soc. J. 1877, xxxi. 541; 1879, xxxv. 125), who prepares it by the 
action of sodium on isobutyl bromide, and purifies it by leaving it in contact for 
several hours with strong sulphuric acid, then washing it with water, leaving it over 
solid caustic potash for two or three days, and finally subjecting it to fractional 
distillation. 

Pure di-isobutyl thus obtained boils, under a pressure of 745 mm. (reduced to 0®), 
at ]08®-108'3® (mercury-column wholly in the vapour), remains liquid at —17°, and 
exhibits the following densities at different temperatures : 


t. 

Sp.gr. 

t. 

Sp. gr. 

0® . 

. 0*7091 

30° . 

. 0*686 

0° . 

. 0*7085 

40® . 

. 0*677 

10® 

. 0*7015 

50° . 

. 0*669 

20° 

. 0-6931 

100° . 

. 0-626 


These results agree closely with those obtained by Kopp (v. 731). The vapour-density, 
determined by Victor- Meyer’s process {Ber. x. 2068), was found in two experiments to 
be 57-64 and 58-51 ; calc. 57 (H = 1). 

An examination of the refractive power gave the following, results : 



Potassium 




Strontium 


(red line) 

Litliiuiu 

Sodium 

Tlialliuin 

(blue line) 

Befractive indices at ] 
16® = ^ . . . j 

r 1-3901 

1*3917 

1*3943 

1*396 

1*4008 

Befractive energy ] 

a j 

}■ 0-5591 

0*5618 

0*5655 

0*568 

0*5748 

d = 0*6972 at 16® . J 

Befraction equivalent, j 

1 

1 





(vi. 783.) . J 

^ 63-78 

64*04 

64*47 

64*75 

65*55 


On the assumption that G ~ 5 and H = 1*3, the calculated refractii;e equivalent 
for di-isobutyl is 63-4. 

Bi-isobutyl has no action on polarised light. 

On the action of cMorme on di-isobutyl, see p. 1425. 
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OCTOSROmcSTBYXi OXZBB, (C-KBr^)20, is formed, together with other 
products, by heating ethylidene oxychloride (p. 757) with bromine for ten hours at 
100°, 150°-190^ and 190°--210° till it begins to carbonise. The syrupy product, 
when redistilled, separates into three portions, the first of which (b. p. 130°-190°) 
contains the oeto-brominated ether. This compound is a thichish liquid having an 
odour of perspiration, fuming very sL'ghtly in the air, insoluble in water, but de- 
composing when left in contact therewith at ordinary temperatures, more quickly on 
boiling (F. Xessel, Ber. x. 1667)- 

OCTOZC ACZBS, C’H^^.COOH. (1). The identity of the iso-octoie 

acid, (CHs)-CH.(CH-)^.COOH, obtained by oxidation of isoprimary octyl alcohol, 
with eaprylic acid prepared by saponification of cocoa-nut oil, has been already noticed 
(p. 379). 

(2). Another iso-octoic acid, (CH^)-CH.CH2 OH^.CHc^QQQg, formed by 

oxidising the corresponding alcohol from di-isobutyl with chromic acid mixture, 
is an oily liquid, which boils at 218°-220° under 767 mm. pressi^e (reduced), and 
does not solidify at —17°. It is soluble in alcohol and in ether, and sparingly 
soluble in water, 100 e.c. of water at 15° dissolving 0*15 gram of the acid. At the 
ordinary temperatures it has an unpleasant odour, which becomes much more powerful 
at higher temperatures, when it somewhat resembles that of rotten cheese. The sp. gr. 
of the acid compared with water at 4° is : 


o 

o 

. 0*926 

40° . 

. 0*893 

„ 20° . . 

. 0*911 

50° . 

. 0*885 

.. 30° . . 

. 0*903 

100° . 

. 0*846 


The sodium salt, prepared by neutralisation, remains, after evaporation over 
sulphuric acid, as a deliquescent gummy mass, which begins to crystallise after stand- 
ing for several days over sulphuric acid in a vacuum. The potassiim salt is a semi- 
crystalline deliquescent mass. The silver salt, C®H^®AgO-, is a white curdy precipitate, 
slightly soluble in boiling water, and separating on cooling in silky threads or small 
tooth-shaped crystals. The calciwm salt, (C^H^^O-y-Ca + H-0, prepared by neutralising 
the acid with milk of lime, may be obtained by spontaneous evaporation in radiate 
groups of well-formed crystalline plates. It is more soluble in cold than in warm 
water, a solution saturated at 15° becoming turbid at 37° ; the density of the pre- 
cipitate increases with the temperature, and the salt redissolves on cooling. The 
barium salt, prepared by boiling barium carbonate in the acid, is imcrystallisable and 
remains as an amorphous pellicle on leaving the solution to evaporate in a vacuum. 
The stTontium salt may be prepared by neutralisation, and is precipitated on mixing 
the concentrated solutions of strontium nitrate and potassium iso-octoate. It dissolves 
freely in absolute alcohol, and is deposited from the alcoholic solution in transparent 
six-sided plates, which appear to belong to the monoclinic system, and to consist of a 
combination of the basal terminal plane with the clinodiagonal and orthodiagonal domes. 
The salt is slightly less soluble in hot than in cold water, a solution saturated at the 
ordinary temperature becoming slightly turbid when heated. From an aqueous solution 
it is deposited in transparent needle-shaped crystals, which effloresce and grow opaque 
on exposure to the air. The magnesium salt, (C®H^^O“)2Mg-i- 2H-0, prepared by 
neutralisation, is a transparent, deliquescent, non-crystalline mass, which slowly 
becomes opaque and crystalline when left in a vacuum over sulphuric acid. The zinc- 
salt is a white pearly mass, which is decomposed by water, but dissolves in the dilute 
acid. 

The concentrated solution of the potassium salt produces in a solution of mercuric 
chloride a faint turbidity ; with mer-curic nitrate no precipitate ; with mermrous nitrate 
a dense white precipitate, which is soluble in hot water and crystallises out again on 
cooling. Lead acetate and manganese nitrate form amorphous precipitates insoluble 
in water. Cupric acetate throws down a green precipitate, insoluble in water, but soluble 
in alcohol, forming a green solution, from which the copper salt is deposited in minute 
green plates, which are generally arranged together in pyramidal clusters (W, C, 
‘Williams, Chem, Soc. J. xxxi. 642 ; xxxv. 128). 

^ Lthpl Isoctoate, obtained by saturating an alcoholic solution of the 

acid with hydrochloric acid gas, is lighter than water, has a strong characteristic 
odour, and boils at about 175°. Vapour-density obs. 84*39 ; calc. 86. 

Li-isohutgl Isoctoate, formed in small quantity in the preparation 

of the acid by oxidation of the primary alcohol, is a colourless liquid, lighter than 
water, and boiling at 278°-281°. It is slowly saponified by heating to 120° in sealed 
tubes with alcoholic potash (Williams). 

(3). A third iso-octoic acid, probably having the constitution 
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(OH*)®. CH®.CH<^qqqP|-, is produced by oxidation of isodibntylene (p. 1130). It is a 

colourless oily liquid, smelling like trimetbylacetic acid, and distilling Tdtli partial 
decomposition at 205°~218°, the greater part passing over at about 215° (Butlerow). 

OCT¥X AXiCOKOZiS ETHSRS. (1). Seyeral derivatives of the iso- 

primary octyl alcohol, (OH®)®CH(CH“)^(CH-OH), obtained by saponification of 
the volatile oil of Heracleum sphondylium and S', giganteum (vi. 878 ; vii. 868 ; viii. 
1027), have been examined by W. Moslinger {Dent, Chem, Ges, Ber. ix. 998). 

Isoctyl iodide^ is best obtained by passing dry hydrogen iodide into octyl 

alcohol to saturation, and afterwards heating the liquid to 100*^ in closed vessels. The 
product contains 90 per cent, of pure octyl iodide boiling at 218°-222®. 

Isoctyl oxide, was obtained by mixing equivalent quantities of sodium 

octylate (formed by the action of sodium on octyl alcohol) and isoctyl iodide, and 
heating the mixture to 100° for some time. It is a transparent oily-looking liquid, of 
specific gravity J'805 at 17°, and boiling at 280°-282°. 

Isoctyl-ethyl ether, formed by heating together equivalent quantities 

of sodium octylate and ethyl iodide, is a colourless mobile liquid of agreeable odour, 
boiling at 182°~184°. Sp. gr. 0-794 at 17° ; vapour-density, 78-79. 

Isoctyl sulphide, (C®H*^)^S. — Isoctyl chloride and potassium sulphide in alcoholic 
solution rapidly decompose each other when heated together- The isoctyl sulphide 
thus formed is a slightly yellow mobile liquid having a peculiar alliaceous odour and 
boiling with decomposition above 310°. Sp. gr. 0'8419 at 17°. It forms a crystalline 
compound with mercuric chloride. 

Barium Isoctylsulphate, (C‘^H^^SO^)“Ba, formed by carefully mixing equal weights 
of pure strong sulphuric acid and isoctyl alcohol, and after 24 hours neutralising 
the mixture with barium carbonate, crystallises in thin pearly laminse, which de- 
compose at 100°, giving off isoctylene. The salt is very sparingly soluble in water. 

Potassium Isoctylsulphate, obtained by decomposing the barium salt vrith potassium 
sulphate, is a white indistinctly crystalline mass, soapy to the touch, and easily soluble 
in water. 

Isoctyl-phosphine, This body is formed when a mixture of phos- 

phonium iodide, isoctyl iodide, and zinc oxide is heated to 160°— 180° in sealed tubes. 
It is a transparent mobile liquid, highly refractive, and having the powerful, stupefying 
odour of all phosphines. Its boiling-point is 184°-187°; sp. gr. 0-8209 at 17°. It 
absorbs oxygen from the air, but only slowly, the process going on for several days. 
The substance thereby formed is an acid intermediate between isoctyl-phosphine and 
the corresponding phosphinic acid, and hence may be termed Isoctyl-phosphinous 
acid. Its silver salt is a white curdy precipitate, which is reduced by heat. 

Isoctyl-phosphine in the pure state is very violently attacked by faming nitric 
acid, but when it is diluted with glacial acetic acid, the action proceeds quietly, the 
product being isoctyl-phosphinie acid, a body which dissolves in hot glacial acetic 
acid and separates as the solution cools in a spermaceti-like mass. Isoctyl-phosphine 
is easily soluble in alcohol, benzene, and chloroform, but insoluble in water and in 
sulphuric, nitric and hydrochloric acids, with which it does not combine. It forms, 
however, a solid compound with hydriodic acid. 

CH® ) 

(2) . The following derivatives of the secondary octyl alcohol, Qeg-jjjOHOH 

from castor oil (vi. 879 ; vii. 868) have been prepared by Hans Jahn {Ber. viii. 803). 
The thiocarUmide, — C®H^^ formed from the corresponding amine, 

by Hofmann's reaction (p. 606), is a colourless liquid boiling at 234°, and converted by 
prolonged contact with ammonia into octyl thiosinnamine, HH®.CS.NH.C®H^^, which 
crystallises in colourless laminae nearly insoluble in water, more soluble in alcohol 
and in ether, melting at 112-5°. The corresponding octylamine, obtained 

by treating the thiocarbimide with sulphuric acid, forms a platinochloride, 
(C®H^®KHCl)2PtCl^, which crystallises in laminae havinga golden lustre. The normal 
thioayanate, CN.S.C®H‘^ prepared by heating an alcoholic solution of potassium thio- 
cyanate with the secondary octyl iodide in a reflux apparatus, then precipitating with 
water, washing, drying, and rectifying, is a liquid smelling like conine and boiling 
at 142°. 

(3) . A mixture of iso-primary and i so-secondary octyl chlorides (boiling 
at 179°-180°) is produced by passing chlorine into the vapour of boiling di-isobutyl 
in diffused daylight. On heating this mixture of chlorides with potassium acetate 
and glacial acetic acid, there is formed— together with an octylene boiling at 
122°, and having a density of 0-7526 at 16°— a mixture of acetates (b. p. 193°-205°), 

VoL. VIII. 4 Z 
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fpom wMch by saponification •witli potasb there is obtained a mixture of primary and 
secondary octyl alcohols distilling between 175*^ and 187°, and yielding by oxida- 
tion the iso-octoic acid above mentioned (p. 1424), together with a ketone. The 
formulae of the two alcohols are : 

Primary .... (Cff)=0H.Cff.CH2.CH<^25Q2 

Secondary .... (Cff)=CH.CH=.CHOH.CH(CH»)2 

(W. C. Williams, loc. cit,) 

The iso-frirnary alcohol has a pleasant orange-like odour, and a hot burning taste, 
remains liquid at —17°, and boils at 179^-180° under 765 mm. pressure (not re- 
duced). It dissolves in alcohol, ether, and chloroform, sparingly in water, and is 
separated by water from the alcoholic solution. Its specific gravity compared with 
that of water at 4® was determined at the following temperatures : — 


0° 


, , 

. 0*841 

40° 


. 0*814 

12° 

. 


. 0*833 

50° 


. 0*807 

20° 

30° 

• 

- 

. 0*828 
. 0*821 

100° 

• 

. 0*767 


Its vapour-density (H - 1) was found by experiment to be 66*02 ; by calculation 65*0. 

The iso-secondary alcohol is obtained in much smaller quantity, and is much more 
difficult to separate from traces of undeeomposed chloride. It boils at 160°-163° 
under 755 mm, pressure, and remains liqnid at — 17°. It differs from the iso-primary 
alcohol by having a fainter smell, a lower specific gravity, and a larger coefficient of 
expansion. 

Temperature . . . 15° 30° 40° 50° 

Sp.gr 0*820 0*811 0’801 0*793 

Vapour-density (H=l) ; exp. 65*38; calc. 65*0. 


The ketone, C‘H®.CO.C^H^, formed by oxidising the secondary alcohol with a 
cold mixture of potassium dichromate and sulphuric acid, has a density of 0*865 at 
14°, and boils under 743*1 mm. pressure at 159°-161°. It remains liquid at — 17°, and 
does not form a crystalline compound mth acid sodium sulphite. The chief product 
of its oxidation is acetic acid, but a small quantity of a higher acid, probably iso- 
butyric acid, is formed at the same time (Williams). 

(4). Another ho-secondary octyl alcohol, probably having the constitution 
(G^H^)'CH.CB[OH.C-H5, is formed by treating bromacetyl bromide with zinc-ethyl 
and decomposing the product with water. It is slightly soluble in water, remains 
liquid at -30°, and boils at 164°-168° (Winogradow, Liebig's Annalen, cxci. 126). 

OCTYSiEWES, An oetylene is obtained, together with iso- octyl acetate, 

when the mixture of chlorides resulting from the chlorination of octane (p. 1426) is 
heated to 200° in sealed tubes with potassium acetate and glacial acetic acid. On ex- 
tracting the contents of the tubes with water, drying the resulting liquid over potas- 
sium carbonate, and subjecting it to fractional distillation, one-third passed over 
below 130°, the remainder, consisting of iso-octyl acetate, at 193°-205°. The lower 
fraction, treated with potash to remove traces of the acetate, yields oetylene, having a 
density of 0*7526 at 16°, and boiling at 122° (Williams). 

An oetylene is also obtained, together with other hydrocarbons, by the action of 
dilute hydrochloric acid on spiegeleisen (p. 1064). 


See Heptoic Aldehyde (p. 1022). 

CCWAITTHYXiZC or STOXtMAIt HEPTOIC ACIB, » 

CH5(CB:2)5,C00H. Several derivatives of this acid have already been described under 
Heptoic Acids (pp. 1021, 1023). The following have been obtained by A. Helms 
{Mer. viii. \161). 


Monohromcenaiithylic acid is formed by heating 1 mol. bromine and 1 mol 
cenanthylic acid together at 140°-160°, but has not been isolated in the pure state. 

Ami do mn ant hylic acid, C^H^®(NH2)0*, formed by saturating an alcoholic 
solution of bromcenanthylic acid with ammonia, and digesting it for three or four 
hours in the water-bath, separates on cooling in crystals, which may be purified by 
washing with alcohol, conversion into lead salt, separation therefrom by hydrogen 
ralphide, and recrystallisation from weak spirit. It is thus obtained in hexagoLl 
tables or kminse, soluble m water and weak spirit, but not in absolute alcohol or 
ether. When heated, a small portion only volatilises without decomposition, the 
greater part being carbonised, with evolution of alkaline vapours. The copper salt is 
a dark blue amorphous powder, nearly insoluble in water, alcohol, and ammonia, A 
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solution of the acid in hydrochloric acid, when evaporated under the air-pump, yields 
crystals of a hydrochloride, HCl, easily soluble in alcohol and water, and 

forming, when perfectly dry, a yellowish powder, tatty to the touch, giving off hydro- 
chloric acid over the water-bath. It forms with platinic chloride a double-salt, 
soluble in water, alcohol, and ether. 

Hy dr oxycena7it hylic acid, is obtained by heating an aqueous solution 

of potassium monobromcenanthylate to 140® for some hours, and agitating the strongly 
acid liquid thereby formed with ether, which leaves it behind when evaporated. It is 
very easily soluble in alcohol and ether, and remains, after rapid evaporation of its 
solutions, in the form of an oil, which soon solidifies ; on slow evaporation it crystal- 
lises in long prisms. It dissolves sparingly in cold, but freely in" hot water, and on 
cooling is deposited as an oil which does not solidify under water. It melts at 59°- 
60®, and sublimes partly undecomposed at a higher temperature. Many of its salts 
have been prepared, but only the copper and silver salts have been obtained in 
crystals. 

Methyl hydi^xycenanthylate, obtained by the action of methyl iodide on silver osy- 
mnanthylate, is a colourless neutral liquid, boiling at 160®~165®, soluble in all propor- 
tions in alcohol and ether ; insoluble in water, but slowly decomposed thereby. 

Hydroxycenanthylamide, formed by the action of ammonia on methyl 

hydroxycenanthylate, crystallises in hexagonal tables, melting at 147®. It dissolves 
easily in hot water, and is soluble also in hydrated alcohol. It does not combine with 
hydrochloric acid, and is resolved by fixed alkalis into cenanthylic acid and ammonia. 

Hydroxyoenanthylic acid, when treated with potassium bichromate and sulphuric 
acid, yields a small quantity of a granular crystalline mass, which melts at 170°, the 
melting point of pimelic acid; an indication that in the foregoing compounds the 
bromine, hydroxyl, and amidogen atoms respectively replace an atom of hydrogen in 
the methyl group of cenanthylic acid. The formulae of monobrommnanthylic, amid- 
(enanthylic, and hydroxyosnanthylie acids must accordingly be written : 

CH^Br -CH2~-GH2— CH2--OH2— CH-— COOH ; 

CRmW— — COOH ; 

CH20H — —COOH. 

CBXroXiXiir. This substance, the red colouring matter of wine (iv. 178), may he 
prepared by precipitation with lime instead of basic lead acetate (Varenne, Bull, Soc, 
Chhn. [2], xxix. 109 ; Chem, Bog, J, xxxiv. 438). 

OIXiS, PATTY, properties, Beactions, Testmg . — On p. 1428 is a table of the 
behaviour of fiitty oils with various reagents, drawn up by C. Glossner {Qhem, Centr, 
1873, 57) with a view to their detection, and to their distinction one from the 
other. 

The following determinations of the specific gravities of various oils are given by 
S. A. Groldschmidt {Amer. Qhem. vi. 107) with the view of facilitating the detection of 
adulterations : 


Tallow oil (Olein) 


Winter Eape oil 
Summer „ „ 

Earth-nut „ 

Olive „ 

Almond „ 


Specific Gravity at 15®. 


0*90()3 

Beech-nut oil . 



. 0-9207 

0-9150 

Sesame „ 



. 0-9235 

0-9169 

Whale „ 



. 0-9240 

0-9154 

Poppy „ . 



. 0-9253 

0*9157 

Hemp „ 



. 0-9270 

0-9170 

Cod-liver „ 



. 0-9270 

0-9170 

Cotton-seed,, 



. 0-9306 

0-9180 

Linseed „ , 



. 0-935 


Animal oils are turned brown by chlorine, whereas vegetable oils remain 
colourless. Bape-oil may be detected by mixing the ethereal solution of the oil with 
a few drops of alcoholic solution of silver nitrate, whereupon a black colour is produced. 
Pure olive-oil, intimately mixed with a solution of mercury nitrate, forms a homo- 
geneous mixture, but if it contains earth-7iut oil, black stress are produced (Gold- 
schmidt). 

On the determination of the value of Animal and Vegetable Oils, see also J. J. 
Coleman {Chem. News, xxix. 138, 140, 149 ; Chem. Boo. J. xxvii. 606). 

On the detection of the oils of Turpe^itine and Bosemary in fixed oils used as 
Lubricants, see Burstyn {Dingl, pol. J. ccxiv. 300 ; Chem, Boo. J. xxviii. 920). 

To estimate the amount of Acid (Oleic, &e.) in fixed oils, Burstyn {Zeitschr. anal. 
Chem. 1872, 283; JDingl.pol. J. cexvii. 314) dissolves out the acid with alcohol, which 
exerts scarcely any action on fixed oils, and determines the quantity of acid in the 

4 z 2 
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soIutioB either by titration mth potash, &c., or by measuring witb a hydrometer the 
increase of sp. gr. of the alcohol arising from the presence of the acid. 

EstiTmtimi of Min&rd Oil or Earaffin Wax in other Fats or Oils . — For this purpose 
the oU. is saponified with an alcoholic solution of caustic soda, and the unsaponified 
oil or wax is separated with petroleum spirit. 200 pts. of the oil are placed in a 
basin with 350 pts. of an alcoholic caustic soda-solution (strength, 9 per cent. Ka^O), 
and boiled until the mixture begins to froth. 200 pts. of methylated spirit are added 
to dissolve the soap, &c., 90 pts. of sodium bicarbonate to convert any caustic soda 
into carbonate, and finally 500 pts. of washed and ignited mortar sand. The mixture 
is boiled for a few minutes, and then the alcohol and water are distilled off from a 
water bath. The residue when cold is transferred to a wide-mouthed stoppered bottle 
and shaken^ with petroleum spirit ; the sand and soap are allowed to settle ; the 
spirit containing the wax and mineral oil is drawn off and filtered through asbestos ; 
the residual soap and sand is thrown on a cloth ; and the liquid pressed out. The 
petroleum spirit is distilled from the mineral oil at 100®, and the residue transferred 
to a flask, with pi hole blown in the side, which is fitted with a cork bearing a thermo- 
meter and small piece of glass tubing ; the whole is previously weighed ; and the last 
traces of spirit are distilled at 220® ; dry air is then blown through ; and the whole is 
weighed. Certain corrections have to be made, in consequence of oil capable of sapo- 
nification containing small quantities of non-saponifiable oil soluble in petroleum spirit. 
The correction in the case of Bussian tallow amounts to *64 per cent. (W. Thomson 
Ckem. News, xxviii, 167). 

SoluHlity of Fixed ■ Oils in Glacial Acetic Add . — The following determinations 
have been made by J. B. Barnes {Pkarm, J. Trans. [3], ri. 221) : 


1 vol. Q-lacial Acetic 


1 

1 

1 

2 

20 

1 

1 






Acid dissolves 7 vols. Fixed Oil of Almonds 
„ 8 „ Olive Oil 

» 7 „ God-liver Oil 

„ 7 „ Linseed Oil 

„ 1 „ Turpentine Oil 

„ 1 „ Copaiba Oil 

„ 2 „ Lemon Oil 

„ 1 „ Juniper Oil 


Castor oil and croton oil are dissolved by glacial acetic acid in all proportions. 

Action of Fixed Oils on Co^er. — ^W. H. Watson {Chem. News, xxxvi. 200), by 
exposing 8 square inches of copper surface to 500 grain-measures of various oils, has 
obtained the following results : — 

G-rains of Copper in Solution 


Linseed 




after 10 daTO 

after 77 days 




. 0*3 

0*5435 

Olive .... 




. 0*22 

0*24 

Colza .... 




. 0*017 

0*14 

Almond 




. 0*103 

0*22 

Seal .... 




. 0*0485 

0*08 

Sperm 




. 0*003 

0*06 

Castor 




. 0*0065 

0*01 

English bTeat’s-foot 




. 0*11 


Sesame 




. 0*17 



Paraifin 

) also CoppEB (p. 558). 




. 0*0015 

0*003 


Lubricating OUs ^ — The mineral lubricating oils known as ‘ Yulcan oil ’ (petroleum 
of sp. gr. 0*87-0*89 purified by sulphuric acid and mixed with 5 per cent, rape-oil), 
and ‘ Opal-oil’ (petroleum of sp. gr. 0*85-0*87, purified in like manner and mixed 
with rape-oil), have not been found to act well as lubricators for parts of machinery 
which move with great rapidity, such as railway axles, spindles, &c. Better results 
are obtained with purified ‘ rosin-oil.’ The strong odour of this oU and its liabiality 
to deposit rosin are removed as follows : 100 pounds of dry thick rosin-oil are heated 
in a pan till of thin fluidity. The fire is then removed, and 3 pounds of fuming sul- 
phuric acid are gradually dropped in, with constant stirring. After half an hour’s 
mixing, the oil is left to stand for twelve hours, then drawn off by a siphon into a 
wooden vat, washed with hot water, and drawn off after twelve hours’ settling, the 
washing being repeated till the water runs off without acid reaction. After several days’ 
separation, a dark yellow, faintly odorous rosin-oil is obtained without blue reflex. 
This oil, mixed with olive or rape oil, may he used advantageously for lubricating the 
heavy parts of machinery. 

To obtain the oil perfectly free from odour, and of clear yellow tint, the dark 
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yellow rosin oil is run into a flask or globe; 1 pound of water is added to 100 pounds 
of it ; tbe whole is well shaken ; and 8 pounds of hydrochloric acid diluted with 10 
pounds of water are gradually stirred in. To this mixture 1 pound of red lead and 
5 pounds of dilute hydrochloric acid are added ; the whole is frequently shaken ; and 
after some days the oil is drawn off, washed with water till free from acid, and set 
in the sunlight for about eight days in the flask. Thus treated it becomes of a light 
yellow tint. 

The yellow rosin oil, when mixed with one-third of rape or olive oil, yields a 
good lubricating oil for all machine purposes, as it does not deposit rosin ; it can also 
be mixed with petroleum (B. Hof&nann, Dhigl. pol, J. ccviii. 237). 

OZXiS, VOXiiLTZZiZ:. Estimation . — The following method is given by 0. Osse 
{Arch. Pharm. [3], vii. 104). The oil is dissolved in petroleum spirit distilling below 
40°, and evaporated in a watch-glass in a current of carefully dried air until nearly 
every trace of petroleum spirit is removed. It is then left to evaporate spon- 
taneously in the open air, and weighed at the end of every minute. When the loss in 
weight during one minute becomes constant, this loss is considered fb represent the 
evaporation-constant from which to correct the weight of oil obtained. This correction 
is effected by adding to the weight of the oil when the loss in weight became constant, 
the amount of the constant loss multiplied by the number of minutes during which 
the oil has been previously allowed to evaporate in the open air. 

The method has been applied to the determination of the percentage of volatile 
oils in the aromatic waters of pharmacy, and of the solubility of these oils in water. 

In presence of resinous or fatty substances, after the total amount of the mixed 
volatile oil and resinous or fatty bodies has been determined as above, the weight of 
these last can be found by heating the whole to 110° for an hour or two to drive off 
all the volatile oil. By these means the following determinations were made : 


Buchu leaves. 
Laurel . 
Cascarilla 
Indian Anise 
Clove . 


Volatile oil 

Patty and resinous bodies 

1*75 per cent. 

2-25 per cent. 

13-25 „ 

25-00 

a 

2-50 „ 

4-50 

jj 

13-00 „ 

13-50 

>» 

24-75 „ 

1*75 

a 


On the Adulterations of Volatile Oils, see Leonhardi {Arch, Pharm. [3], xii. 490 ; 
Che7n. Soc. J. xxxiv. 811). 

Oxidation . — Volatile oils and other volatile organic bodies are rapidly oxidised by 
a mixture of potassium permanganate and strong sulphuric acid, in some cases with 
inflammation and explosion. The best way of producing the effect is to place 1 0 or 
12 drops of the oil on a capsule ; and touch it with a glass rod, the end of which has 
been dipped into the oxidising mixture just mentioned. The following oils then burn 
with explosion: Thyme, mace, rectified turpentine, valerian, cassia, wild- marjorain, rue, 
cubehs, lemcm. The following mostly take fire wdthout explosion, especially if a small 
quantity be dropped on bibulous paper and then touched with the mixture : Oil of 
rosemary, lavend&r, cloves, rose, geranium, gaultheria, caraway, cayeput, hitter ahnonds, 
and rectified coal-oil. 

The oxidising properties of turpentine oil and other volatile oils which have been 
exposed to the air — formerly attributed to the presence of ozone — was shown by 
Kingzett in 1874 to be due to the formation of an oxidised organic compound which 
readily gives up a portion of its oxygen. This compound from turpentine oil was at 
first supposed to be monohydrated terpene oxide (vii. 887) ; but from later experiments 
{Chem. Soc. J. xxviii. 210; xxxiv, 127, 135), Kingzett infers that it is the peroxide 
of the radicle of camphoric acid, (C^®H^-*0>), which, however, has not yet been isolated. 
The aqueous solution obtained by shaking up the oxidised oil with water, or dissolving 
it in alcohol and precipitating with water, contains hydrogen dioxide, resulting from 
the decomposition of the originally formed organic peroxide, together with formic, 
acetic, and camphoric acids. This solution exhibits powerful antiseptic properties 
due to the hydrogen dioxide and camphoric acid. Evaporated to dryness over the 
water-bath, it leaves a dark-coloured substance having, when hot, a sugar-like odour 
and viscid consistence, and solidifying on cooling to a firm but adhesive mass, which, 
when treated with strong sulphuric acid, gives a colour somewhat resembling that 
obtained in Pettenkofer’s bile reaction. This substance, whose composition may be 
represented by the empirical formula is for the most part soluble in hot 

watp, about 5 per cent, remaining as a viscid, insoluble, nearly black substance 
having the same composition (Kingzett, Che?n. News, xxxix. 279). 

OKEirXTE. The relations between okenite (iv. 193), centrallassite (i 822), and 
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gyrolite (ii. 963) have been examined by H. How {phil. Mag. [5], i. 128), who 
represents these minerals by the following formulae : 

Okenite ..... CaSi'0®.2H20 = Ca0.2Si0'.2H20 

Centrallassite .... Ca-Si^0®.2H“0 = 2Ca0.3Si0-.2H20 
Gyrolite ..... Ca'-Si^O^.SH^O — 20a0.3SiO2.3H20 

OliSFZKTSS, C°H2°. Synthesis . — By heating a mixture of amylene and methyl 
iodide with excess of dry lead oxide at 210° for several hours, a product boiling 
between 36° and 85° is obtained, one-third of which comes over between 70° and 83°, 
and consists of a mixture of O^H^^ ; this portion forms with bromine a 

solid compound, apparently melting at i39°-140°. The hydrocarbons dis- 

solve in sulphuric acid (2 acid to 1 water), and on the addition of water a liquid and 
a solid body separate out. The latter, which is the hydrate, 2C^H^®0 + H20, of 
Butlerow’s yentamethylethol, melts at 75°. The action of fhming hydrochloric acid on 
the mixed olefines also gives rise to a solid product, melting at 100° and boiling at 
i20°-12o°, whj^h appears to be a mixture of C^H^^Ci and C^H^^Cl. 

Olefines are also formed by the action of lead oxide on alcoholic chlorides, bromides, 
and iodides, at 220°, Isobutyl iodide is thus completely decomposed : 2C^H®I + PbO == 
2C^H® + PbP-f H^O, and isopentyl iodide gives apentylene isomeric with that obtained 
by the action of alcoholic potash (Eltekol^ Ber. xi. 112). 

Action of Hydrochloric Acid . — From the action of hydrochloric acid on the buty- 
lenes, pentylenes, and hexylenes, Le Bel {^Comiyt. rend. Ixxxv. 832) infers that the 
olefines of the constitution CH^^iGBR' and CHEzxCB'E", in which E,E', and E", are 
different or the same alcohol-radicles, combine with hydrochloric acid in the cold, 
whereas those of the constitution CH2rx:CHE, and probably CHE~CHE', are not 
attacked thereby. This conclusion, however, requires to be verified by further 
examples. 

Actijon of SulphiLric Acid. Bolymerisation . — From experiments by Gorianow a. 
Butlerow {Idehig's Annalen^ clxix. 146), it appears that ethylene is not absorbed by 
strong sulphuric acid at ordinary temperatures, but that at 100°, or better at 160°- 
175°, rapid and complete absorption takes place ; and on subsequently distilling the 
liquid with a sufficient quantity of water, and treating the distillate with potassium 
carbonate, ethyl alcohol is obtained. In Bertbelot’s well-known experiment, the 
violent and continued shaking doubtless served, not only to bring the gas into intimate 
contact with the liquid, but likewise to develop the heat required to induce the 
absorption. 

Contact of ethylene with sulphuric acid, at the temperatures above mentioned, did 
not result in condensation of the hydrocarbon. Neither did a stUl further elevation 
of temperature or the employment of fuming sulphuric acid or of fluoride of boron 
produce signs of polymerisation. This remarkable stability in circumstances under 
which its higher homologues are easily affected, indicates that the constitution of 
ethylene is symmetrical, and not analogous to that of propylene, isobutylene, &c. 

Propylene and isobutylene are readily polymerised by the action either of sulphuric 
acid or of boron fluoride. A preliminary experiment with isobutylene gave, besides 
trimethyl-carbinol, oily condensation products, a fraction of which boiled at‘173°~176°, 
and had a vapour-density corresponding with the formula JDi-isobutylene did 

not appear to be formed under these circumstances. 

Action of Oxidising Agents. — 0. and F. TiQidlQr^Uiebig's Annalen, cxcvii. 143) have 
examined the reactions exerted on the olefines by the following oxidising agents : 
(a) an aqueous solution of potassium permanganate ; (h) a solution of potassium per- 
manganate acidified with sulphuric acid ; (c) an alkaline solution of potassium per- 
manganate ; {d) a solution of chromic acid ; and (e) a mixture of potassium diehromate 
and sulphuric acid. In each case 2-3 litres of the gaseous olefine were used, and the 
proportion of oxidising agent is taken so as to represent 4 mols. of oxygen to 1 mol. of 
olefine. 

Mhylene yielded the following results : — With (a.) formic, acetic, and oxalic acids ; 
(5) carbonic, formic, acetic, and oxalic acids (traces) ; [c) carbonic, formic, acetic, and 
oxalic acids; (tZ) no action at the ordinary temperature .but at 100° carbonic acid, 
and small quantities of formic, acetic, and oxalic acids are formed ; (e) the same as 
{d). These results differ somewhat from those obtained by Truchot {Annalen, cxli. 
108); Berthelot {Compt. rend. Ixi. 35; Annalen Suppl.'v.^^; Compt. rend.ixsnii. 
333; Annalen, (H. 373; Ann. Chim. 1875 [5], vi. 449); and by Chapman a. 
Thorpe (^Annalen, cxlii. 182). 

Propylene yielded (a) carbonic, oxalic, and acetic acids, and traces of an acid, per- 
haps succinic or malonic acid ; (5) carbonic, acetic, oxalic acids, a little formic acid, 
and traces of an acid which may be either malonic or gly collie acid ; traces of acetone ; 
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(c) carbonic, acetic, oxalic acids, traces of formic acid, and probably malonic acid, also 
a 'small quantity of acetone ; (<?) small quantities of carbonic acid, but large quantities 
of formic and acetic acids, and only a trace of oxalic acid ; (e) the same result as (d). 

Isobidylene, prepared from fermentation butyl iodide, yielded the 

following results:— (a) carbonic acid, small quantities of acetic and formic acids, and, 
as chief product, oxalic acid ; (6) carbonic, formic, acetic, and oxalic acids ; (c) car- 
bonic, small quantity of formic, acetic, and oxalic acids; {d^ no action^ in the cold, 
only at the temperature of steam-bath, yielding carbonic, formic, acetic, and oxalic 
acids, also acetone ; {e) the same as (d), the action is, however, more energetic. Iso- 
butylene does not in any case yield succinic acid. 

F. Zeidler {Annalen, clxxxvi. 247) obtained by the oxidation of amylene, b. p. 
35°, butyric and succinic acids. Since then, Wischnegradsky {Annalen, cxc. 328) 
has shown that this olefine consists of two isomerides, one of which is trimethyl- 
ethylene, and the other either propylethylene or ethylmethylethylene. The^ latter 
(b. p. 35°-37°), prepared from ordinary amylene by means of its insolubility in sul- 
phuric acid, yields on oxidation with an alkaline solution of potassiun^,permanganate, 
succinic and oxalic acids, also formic and butyric acids, and traces of carbonic acid. 
These results show the constitution of this amylene to be CH^.CH^.OH^CHxxCH^, i.e. 
propylethylene, and not ethylmethylethylene (see AnkTEXENES, p. 81). 

The difference in action of the several oxidising agents on the olefines is a difference, 
not of kind, but only of degree ; in other words, it is quantitative, but not qualitative. 
Moreover, the olefines are attacked at the point of double union, and the resulting 
monobasic acids are, as shown by P. de St. G-illes {Comyt. rend. :^vi. 811) and 
Berthelot {Annalen, Suppl, v. 95; vi. 181), further oxidised to bibasic acids. The 
formation of acetic acid from ethylene, and of malonic acid from propylene, may be 
explained by supposing the addition of water as H and OH to take place ; for instance, 
in the case of ethylene, a primary alcohol would be first formed, and the molecule not 
broken up. In the case of propylene, the addition may take place so as to form the 
primary or secondary alcohol, which by further oxidation may yield malonic acid and 
acetone : 

CH^.CHzxCH^ + H.OH = GH^CmCH^COH), 
or 

CH^CHxzOH^ + HO.H = CRKCB.{OB.).Cm. 

Formatio7i of Glycols, Aldehydes, and Ketones from the Haloid Compounds of the 
Olefines. — The haloid compounds of ethylene, when heated with water and lead oxide, 
yield glycol and aldehyde, whilst propylene chloride and bromide, under the same 
circumstances, yield propyl-glycol, acetone, and propaldehyde. Similarly isobutylene 
bromide yields isobutyl-glycol and the corresponding aldehyde, and trimethylethylene 
bromide yields isopropylmethyl ketone. These results show that the first product of 
the action in every case is a glycol, which by elimination of water is partially or 
entirely converted into aldehyde or ketone (Eltekoff. Ber. xi, 989). 

I)eco77i;position of Ol^ne Broonides, hy the Co^j[)er-zmc couple and hy Zinc 

alone. — The decomposition of ethylene bromide by zinc and by the couple has been 
already described (vii. 489). Bropylene and amyle7ie bromide are decomposed in the same 
manner, the action in all cases being a simple abstraction of the bromine by the zinc 
and liberation of the olefine. In the case of propylene bromide the dry couple pro- 
duces very little decomposition, but the action is facilitated by water, as with ethylene 
bromide. Zinc alone acts but slightly when wetted with water, but in presence of 
alcohol it decomposes the bromide rapidly after about 17 minutes’ contact. Amylene 
bromide is not attacked by the couple wet with water at 15°, but rapid action takes 
place at 60°. In contact with alcohol, zinc alone effects the same decomposition at 
ordinary temperatures (Grladstone a. Tribe, Ghem. Boc. J. xxvii. 408). 

OXiEIC ACID, When a mixture of glacial acetic acid and water is gra- 

dually added to an alcoholic solution of oleic add, a point is reached at which the oleic 
acid remains entirely dissobed, but is completely separated by the addition of one- 
tenth of a e.c. more of the acid, whereas stearic add- in alcoholic solution begins to 
precipitate as soon as the acetic acid is added, and is entirely insoluble in a mixture 
of alcohol and acetic acid, and even in presence of oleic acid. This difference of 
behaviour affords the means of separating and estimating the two acids in mixtures 
produced by the saponification of fats (J. David, Cbwzpjf. re7id. Ixxxvii. 1416; Cheon^ 
Boc. J. xxxiv. 1011). 

Com&rsion into Stearic Add. — This conversion may be effected by heating oleic 
acid with hydriodic acid (b. p. 127°) and amorphous phosphorus to 200°-210° in a 
sealed tube for eight hours, then opening the tube to allow hydrogen phosphide to 
escape, resealing it, and heating it again. By this treatment the liquid oleic acid is 
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completely converted into a crystalline mass of stearic acid, which may he purified hy 
melting it under water, recrystallising it from hot alcohol, treating it with sodium- 
amalgam to remove any small quantity of iodine that it may retain, and once more 
crystallising it from alcohol (G-. G-oldschmiedt, Wien, Akad. Ber, Isxii. 366). See 
also M. A. Mnter {Malyst, ii. 73), 

Mercury Oleate, — For the preparation of this salt from mercuric oxide and oleic 
acid, A. Hilger {Arch. Bharm. [3], iii. 490) recommends the use of mercuric oxide 
prepared in the wet way and dried as quickly as possible. The temperature of the 
mixture should not be allowed to rise above 70^, otherwise reduction of the merenric 
oxide will take place. The preparation containing not more than 15 to 16 per cent, 
mercuric oxide forms viscid masses of yellow to red-brown colour. As the proportion 
of mercuric oxide increases, the mixture acquires an unctuous consistence, and when 
more than 30 per cent. HgO is added, immediate decomposition takes place, attended 
with separation of mercury. The same decomposition appears to take place after 
long keeping in preparations containing smaller proportions of the oxide. It does not 
appear possible t<| prepare pure mercuiy oleate by double decomposition. See also 
C. Eice (Pharyii. J. Trans. [3], iii. 582 ; vi. 147 ; Ohem. Soc. J. xxvi. 510). 

OZiXSSJES. Syn. with Olefines. 

OXiXBXS^S, A volatile oil obtained from incense. This substance, dis- 

tilled with water, yields an oil which passes over at 160^-170° ; and this oil is resolved 
by fractional distillation into olibene boiling below 160°, and a small portion of an 
oxygenated oil which boils above 175°. Olibene, treated with dry hydrochloric acid 
gas, forms a crystalline hydrochloride, smelling like camphor, easily soluble in alcohol, 
melting at 127°. The resin of incense appears therefore to consist of condensation- 
products of a terpene (Kurbatow, Liebigs Awaalen, clxxiii. 1). 

OZiZGOCZiASB. The following analyses of this mineral have lately been 
published in addition to those given under Felspah (pp. 773, 774) : 1. From Union- 
ville, Pennsylvania, occurring in yellowish and brown-white grains, in a few instances 
with recognisable and then striated cleavage-faces ; enclosing corundum and. a second 
mineral, probably spinel; analysed by Chatard {Jahresh.j. Ckern. 1873, 1152). 2. 
From the granitic gneiss of New York. Sp. gr. 2*644 (P. Schweitzer, Am. Chemist, 
iv. 444). 3. From the lava of Santorin, which is rich in oligoclase. Sp. gr. 2*629 
(Fonqu4, Qomipt. rend. Ixxx. 631). 4. From the graphite-garnet gneiss, called 

Kinzigite, of Schenkenzell near Wittichen in the Schwarzwald (Eebenstreit, 
ibid. 417). 

SiO» A1“0= Fe=0* FeO CaO MgO K“0 Na“0 H=0 

1. 59*35 24*16 0'61 — 3*08 0*34 3*78 7*22 1*96 =r 100*50 

2. 63*36 22*28 — 0*67 4*24 — 0*96 8*14 0*40 = 100*05 

3. 59*7 23*2 0*4 — 7*9 1*0 0*8 6*6 — =- 99*6 

4. 62*90 22*23 trace — 4*45 — 2*09 8*48 — = 100*15 

On the action of water containing carbonic acid on Oligoclase, see Minerals 
(p. 1329). 

OBXVB OZXi. Extraction. — The calcareous soil of the district of Sahil in Tunis 
is very well adapted to the culture of the olive. In this district there are five 
million olive-trees, which, if the winter and spring rains occur in normal amount, 
yield annually 40,000 tons of oil. The gathering of the olives takes place in December 
and January. The olives are crushed between horizontal millstones ; the pulp is 
immediately thrown into water ; and the oil which then comes to the surface is sold 
as best quality {jDrah-el-ma). By pressure a strong-smelling oil of inferior quality 
{Masri) is obtained. The press-cakes are used as fodder for camels. The quantity 
of oil exported from Tunis in five years (1869-73) represented a value of 300,000L 
sterling. 

Testing.— following method of testing the purity of olive oil by means of its 
conversion into solid elaidin was given by E. Kopp {Deut. Chem. Qes. Ber. viii. 
979). 10 vols. of the oil and 1 vol. ordinary nitric acid are introduced into a test-tube 

together with a few pieces of copper wire; and as soon as the gas-bubbles begin to pass 
somewhat rapidly through the supernatant oil, the acid and oil are intimately mixed 
by stirring with a glass rod, the mixture then left to itself for a few minutes, and the 
separated liquids again mixed by stirring and heating. If it *be then left in a cool 
place, the oil after some time begins to solidify, the solidification being quicker in 
proportion as the oil is purer. In mixtures with other oils the solidification is much 
slower, and the elaidin formed, instead of being white and hard, is soft, and has a more 
or less yellowish or brownish colour. 

On the Detection of Earthmt Oil in Olive Oil, see vol. vii. p. 443. 
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On the Oliaraciers hy which Olive Oil is distingidsJied from other Fixed Oils, see 
G-lossner’s table (p. 1428). 

OlfZVZSS. Tlie following analyses of the fruit and leaves of the olive, ‘Blanquet ’ 
variety, collected at intervals of a month from May SO to November 30, are given by 
A. Eoussille {CornpL rend, bcxxvi. 610). 


Composition of the leaves 

3Iay 30 

Jmie 30 

July 30 

Aug. 30 

Sept. 30 

Oct. 30 

Nov. 30 

Fat and chlorophyll 

5*432 

4*330 

4*578 

4*577 

3*631 

3*766 

8*702 

Nitrogenous substance . 

8*7o5 

8*162 

9*337 

8*275 

7*883 

8*287 

8*443 

Lignin ..... 

18S86 

16*444 

18*833 

20*778 

27*709 

27*514 

P8-117 

Ash 

7*777 

7-217 

6*987 

8*091 

6*610 

6*848 

5*861 

Unestimated. 

59*130 

63-847 i 

60*265 

58*279 

54*207 1 

53*585 

53*877 

Alkaline salts 

10*794 

19*795 

22*190 

8*992 

12*8'^ 9 

16*834 

19*006 

Earthy phosphates 

12*938 

27*005 

22*360 

8*604 

9*754 1 

11*127 

12*304 

„ carbonates, &c. . 

70*554 

49*820 

46*410 

75*606 

72*483 

69*009 

65*740 

Silica 

5*714 

3*380 

9*040 

6*798 

4*918 ' 

3*030 

2*950 


Composition of the pulp of the fruit 

June 30 

July SO 

Aug. 30 

Sept. 30 

Oct. 30 

Nov. 80 

Water 

22*003 

60*690 

66*051 

56*005 

51*688 

50*198 

Fat and chlorophyll 

1*397 

5*490 

29*190 

62*301 

67-213 

68*573 

Nitrogenous substance 

— 

— 

14*619 

4*189 

4*411 

4*329 

Lignin 

— 

— 

13*341 

7*432 

7*072 

6*096 

Ash 

— 

— 

4*156 

2*736 

2*964 

3*060 

Unestimated 

98*603 

94*510 

38*694 

23*339 

18*340 

17*940 

Alkaline salts 





81*818 

82*500 

86*353 

85*916 

Earthy phosphates, &c. . 

— 

— 

16*612 

16*250 

13*068 

13*615 

Silica 

— 

— 

1*510 

1*250 j 

0*579 

0*469 

P-0^ in the-alkaline salts 

— 

— 

1*675 

4*421 

4*784 

5*164 


Fatty Matter and Chief ophyll. — The chlorophyll, which is very abundant in the 
leaves at the end of May, gradually diminishes in quantity ; it does not migrate to 
the fruit. 

Nitrogenous Matter. — In the leaves, the nitrogen increases until the end of July. 
In August it greatly diminishes, and accumulates in the pericarp. A migration of 
nitrogen in the fruit then takes place, probably going to the endosperm, for the amount 
diminishes two-thirds by the end of September. Afterwards (when the kernel should 
be forming) the proportion slightly increases in both leaves and fruit. 

Lignin. — In the leaves, this substance decreases in June, after which it continues 
to increase. 

Mineral Matter. — In the leaves, the mineral matter increases to the end of August, 
and then diminishes until the fruit ripens. The proportion of alkaline salts increases 
until the end of July ; in August it goes to the fruit, forming the chief mineral con- 
stituent. A steady increase in the leaves again takes place, and continues ‘ until the 
fruit is gathered. Magnesium and calcium phosphates increase in the leaves until 
July, rapidly diminishing in August, as is the case with the alkaline salts. It ap- 
pears that the migration of the phosphates precedes that of the alkalis, corresponding 
with the migration of the nitrogenous matter ; whereas that of the alkaline salts cor- 
responds with the non-azotised proximate principles, and to their conversion into fatty 
substance. In the fruit, the mineral matter reaches its maximum by the end of 
August, and then diminishes, but again gradually increases as it ripens. The alkaline 
salts increase with the fatty matter in almost a definite proportion with the potassium 
phosphate, thus (combined with potassium) : — 

1*675 P“0® at the end of August with 29*190 fat. 

4*421 „ „ „ September „ 62*304 „ 

4*784 „ „ ,, October „ 67*213 „ 

5*164 „ when the fruit was gathered „ 68*575 „ 
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The calcium and magnesium phosphates are at their maxurnim in August, at the 
same time as the nitrogenous matter. Phosphoric acid can enter the endosperm only 
in the form of alkaline phosphate. 

Silica , — Probably an accidental impurity. 

OXiZVXZi. When pure olivil (m. p. 119°-120°), obtained from the gum of the 
olive-tree (iv. 200), is digested for an hour vrith cencentrated hydriodic acid (b. p. 
127 °), a BiixtTir<B of the iodides of methyl and ethyl is obtained, together with a black 
non-volatile solid substance of glistening aspect. This substance is insoluble in water, 
only slightly soluble in ether, but readily soluble in alcohol, especially when hot, and 
precipitated therefrom by water (D. Amato, G-aas. cMm. ital. 1878, 83). 

OXtlvnrB. The following are recent analyses of this mineral : 1. Transparent 
paIe*yeUow olivine, sp. gr. 3’261, from Yesuvius (E. v. Dingelstedt, Jahrh. f, Min. 
1874, 86). 2. Small, light brownish crystals, sp. gr. = 3T83, occurring, together witli 
hnmite, in the geodes of a block ejected from Yesuvius (Gr. vom Bath, Berk JJcad. Ber. 
1874, 745). 3. Prom the basalt of Eosakov (Farsky, Verh.geol. Beicksanst. 1876, 205). 
4. From the basal? of the Liitzelberg, a mountain of the Kaiserstuhl range, where it 
occurs, to the amount of 78 per cent., in nodnles together with chrome-iron ore and two 
pyroxenes, viz. a chrome diopside and a mineral nearly allied to hronzite (A. Knop, 
Jahrh, f. Mm. 1877, 697). 5. From the palseopierite of the Black Stones of Kassan 
(K. Oebbeeke, ihid. 844). 



SiO= 

MgO 

CaO 

PeO 

mo, CaO 

MnO CrO 

Cr=0^ 

.Aa=o= 



1. 

42*30 

51*64 

1*08 

5*01 



— 



0*42 

= 

100*45 

2. 

39*93 

48*70 

— 

8*43 

— 

1*03 — 

— 

0*10 

= 

98*19 

3.* 

41*22 

49*36 

— 

9*13 

0*24 

0*16 — 

0*05 

0*14 

= 

100*30 

4. 

41*2 

49*7 

— 

8*7 

— 

— — 

— 

— 

=S 

99*6 

5. 

42*53 

35*68 

14*09 

6*48 

— 

— -- 

— 

— 


98*78 


Belations het^een Olivine and Serj^entine , — Olivine occurring in small granules in 
the serpentine of Snarum, the well-known locality of pseudomorphs of serpentine after 
olivine, has been analysed, together with the accompanying serpentine, by A. Helland 
{Bogg, Ann, cxlviii. 329) : 

Loss by 

SiO= MgO PeO CrO A1=0“ ignition Sp. gr. 

Olivine . 41*32 54*69 2*39 0*05 0*28 0*20 = 98*93 3-22 

Serpentine . 42*72 42*52 2*25 trace 0'06 13*39 = 100*94 2*53 

Supposing that the conversion of the olivine into serpentine has taken place with- 
out alteration of volume, and taking into accoimt the difference of density of the two 
minerals, the weights of the two in grams contained in 1 cubic centimeter of substance 
will be as follows : 

Olivine . . . 1*345 0*009 0*078 0*002 1*780 0*006 3*220 

Serpentine . . 1*071 0*002 0*056 — 1*065 0*336 = 2*530 


Increase or Decrease —0*274 —0*007 —0*022 —0*002 —0*715 +0*330 

All the other minerals found in the serpentine bed, viz. magnesite, hydrotalcite, 
quartz, mica, magnetic iron oxide, and titanic iron, may, with the exception of the last, 
he regarded as secondary products of the transformation process, admitting the access 
of a small quantity of carbon dioxide (for the magnesite) and of alkalis (for the mica). 
The titanic iron appears, from the mode of its occurrence, to be a pre-existing 
mineral. 

Several hydrated silicates related to serpentine, and therefore to olivine, have been 
analysed by F. v. Kobell {JakTb. /. Mn, 1874, 733) : 

1. Chrysotil from Zermatt: pale yellow fibrous masses. 2. Antigorite from 
Zermatt : dark grey crystalline monotomic masses. 3. A mineral from Kraubath in 
Styria, nearly allied to the marmolite of Hoboken : compact, yellowish-white ; sp. gr. 
= 2*13. 4. ATumoufjJe from Hoboken : crystallo-laminar. 



SiO= 

MgO 

PeO 

Al^O’ 

H“0 

1. 

42*5 

43*0 

2*0 

— 

13-1 = 100*6 

2. 

42*73 

36*51 

7*20 

1*33 

11*66 = 99*43 

3. 

42*0 

38*5 

1*0 

trace 

17*5 = 99*0 

4. 

42*00 

41*00 

0*90 

0*26 

15*00 = 99*16 


Also very slight traces of Cr^O® in 1, of Mn^O^ in 3. 


^ Mean of three analyses. 
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Accoiding to these results, the minerals in question may be referred to two species, 
viz. chrysotU and antigorite to serpentine, S]5%0.Si0-.2H”0 ; vorhauserite (v. 1006) 
and the Xranbath mineral to manmlite, 5Mg0.3Si0-.4H"0. 

The numerical relation of these species to olivine is shown by the following 
comparison : 

Olivine = 2MgO . SiO* 

+ ip=o 


Yillarsite = 2MgO , SiO^ . |H-0 
+ Enstatite or Tremolite Hydrate = MgO . SiO- . 


Serpentine = 3MgO . 2SiO“ . 2H-0 
+ Olivine Hydrate = 2MgO . SiO- , 2H^O 


Marmolite . — 5MgO . 3SiO- . 4H20 

The processes of transformation may, however, be equally well r^arded as separa- 
tion, with simultaneous assumption of water, provided that we start, not from one 
but from several molecules of oHvine regarded as pre-existing : 

3 Olivine = (6Mg0.3Si0-) — (3MgO.SiO-) + 2H-0 = Serpentine 
3 Olivine = (6Mg0.3Si0®) — MgO + 4H'0 = Marmolite 


0]&ZVXXr£-ItOCX. The olivine-rocks of the granulite district of Saxony have 
been described by H. Mohl {JaJirh.f. Min. 1876, 225 ; Chem. Soc. J. xxx. 338) ; they 
are of two kinds, garnet olivine-^*ock and enstatite olivine-rock, accordingly as garnet 
or enstatite is the predominating constituent, next to the olivine. Several varieties of 
olivine-rock, including the dmiite of New Zealand, the Iherzolite of the Pyrenees, the 
eruptive rocks of the Eiehtelgebirge, of Ellgost in Austrian Silesia, and of the Hessian 
Hinterland, have been described by H. Mohl {Jahrh.f. Min. 1877> 413 ; Chem. Soo. J. 
xxx. 119). 

The following are analyses of olivine-rocks. (1). From the Culsagee Mine near 
Franklin, Macon Coimty, North Carolina. (2). Eock consisting of serpentinised 
olivine with plagioclase from the Cullikenee or Buck Creek Mine in Clay County, 
North Carolina : analysed by Chatard (Jahresb.f. Chem. 1873, 1156). (3). Hiallogite 
olivine-rock of Mohsdorf in the Saxon granulite district (Leuchardt, ibid. 1876, 1280) 
(4). Olivine-rock from the Ultenthal (J. E. Muller, Jahrb.f. Min. 1877, 739): 



SiO* 

MgO 

CaO 

FeO 

1. 

41*58 

49*28 

0*11 

7*49 

2. 

35*19 

40*99 

— 

9*70 

3. 

41*99 

31*49 

1*84 

1*66 

4. 

40*82 

45*81 

trace 

12*35 


Pe=0=» H=0 

— 0T4 1-72 « 100*32 

— 0*64 13*48 = 100 

99*94 
99*84 

made by Fikenscher 
1. From the eclogite 
: 3*263 (Fikenscher). 


9*14 6*73 7-09 == 

— 0*86 

OMPH.^CXT£. Analyses of this mineral have been 
{Jahresb.f. Chem. 1874, 1301) and Liidecke {ibid. 1876, 1232) 
of Obernpferdt, near Schwarzenbach in Saxony. Sp. gr. : 

2. From the glaucophane of the island of Syra (Liidecke) ; 


SiO“ A1=0* FeO 

52*57 9*12 5*32 

52*53 4*6 11*8 


CaO MgO K=0 

17*41 12*75 0*28 

12*8 16*1 — 


Na^O H“0 

1*11 0*32 = 99*88 

— 1*69*= 99*52 


^ Loss by ignition. 


OXiT'Srx. Lamour {Compt. rend. Ixxxii. 1085) has analysed a so-called alabaster 
which, under the name ' Onyx of Tecali,’ has lately been largely imported into France 
from Mexico for the fabrication of ornaments. It is milk-white, yellowish-white, or 
pale ^een, sometimes with red-brown veins, and exhibits wavy layers. Sp. gr. = 2*77. 
A. Direct result of analysis. B. Constituents grouped as carbonates : 


A. 

00“ 

43*52 

CaO 

50*10 

MgO FeO 

1*40 4*10 

Traces of silica. 

MnO 

0*22 

H“0 

0-60 

= 99*94 

B. 

CaCO* 

89*46 

MgCO* 

2*92 

FeCO* 

6*60 

MnCO* 

0*36 


H=0 

0*60 

^ 99*94 


Damour has found manganese in other limestones, Iceland spar for example. 

OPA.li. Opal is found, as perlite and^onYe, in the neighbourhood of San Piero, 
Elba, in kaolin,' also in the form of a crust and globular. At Valliceila, in the same* 
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neigliboTirliood, opal occurs usually as hyalite, in caYities in a granite vein. The opal 
of Sant' llario and San Piero encloses garnets, those of the former locality being light 
yellow, and those from the latter black (G. Poster, Jahvh.f. Min. 1877, dSl). 

P. M. Endlich describes an opal occurring as a deposit of the Upper Geyser basin 
on the Pirehole Eiver. An analysis by A. C, Peale of a milk-white variety, sp, gr. 
= 2’4903, gave 95*84 per cent, silica, 2*68 Pe-O* and 1*50 loss by ignition (- 100*02), 
with traces of alumina, magnesia, potash, soda, and lithia. A light greenish-brown 
specimen, of sp. gr. 2*0816, gave 6*3 per cent, water. 

An opal containing 8*85 per cent, water, and answering to the formula SSiO^.H^O, 
when exposed to a stream of diy air at 100°, g’ave off o'Ol per cent, water veiy quickly, 
whereby it was converted into 6SiO^.H-0, the rest very slowly. An artificially pre- 
pared hydrate, 8102,42^0, was quickly converted, under similar conditions, into 
SiO-.B[-0, less quickly into 6SiO“.H'0, the remainder of the water in this case also 
being given off very slowly. 

OPIAXrZC ACXB.) ^ 

* _ ISee Nabcotine-deeivatives (pp. 1383, 1384). 

OPZirZC AdX3>. j » / 


OPZX7M. Twelve sorts of opium, analysed by Pliickiger {JPharm. J. Tmns, [3], 
V. 845), gave the following results : 


Ethereal Extract . 




I 

24*2 

n 

21*7 

m 

22*0 

IV 

20*6 

Y 

14*1 

YI 

17*4 

Crude Harcotine . 




10*0 

9*0 

8*5 

7*6 

7*6 

8*0 

Wax . 



, 

14*2 

12*7 

13*5 

13*0 

6*5 

9*4 

Pure Narcotine 



, 

4*0 

6*1 

5*5 

4*5 

4*7 

3*1 

Crude Morphine . 




11*2 

11*2 

14*2 

10*6 

14*4 

— 

Pure Morphine 



• 

8*6 

4*3 

3*5 

4*6 

6*1 

3*8 

Ethereal Extract . 




vn 

20*4 

Tin 

IX 

25*0 

X 

23*7 

XL 

18*1 

XU 

23*6 

Crude hTarcotine . 

, 



9*7 

— 

10*2 

12*2 

9*3 

11*6 

Wax . 

, 


. 

10*7 

— 

14*8 

11*5 

8*8 

12*0 

Pure Narcotine 



, 

5*4 

7*7 

6*4 

8*7 

6*0 

8*1 

Pure Morphine 

. 


. 

3*2 

6*07 

7*1 

5*8 

4*3 

8*3 


I. Patna Opium. II. Indian Opium, 1852-3. III. Akbari Opium. lY. Behar Opium, 
y. Maliva Opium. VI. Sind Opium. VII. Hyderabad Opium. VIII. Opium from 
Candeish. IX, Persian. X. Egyptian. XL Opium from Playford, Suffolk, 1823. 
Xn. English, 1859. 

W. B. Howard {FJiarm. J. Trans. [3], vi. 721) found in a sample of Persian opium 
said to be perfectly pure : 

MorpMne Codeine ISTarcotine Thebaine Cryptopine Papaverine 

16*40 0*29 2*50 0*57 0*09 trace per cent. 

A cheap sort of Persian opium was found by Proctor {ihid. 1024) to -contain only 
0*25 per cent, morphine. A very hygroscopic variety of Persian opium, examined by 
Carles (ihid. iii. 883) yielded 52 per cent, aqueous extract, and contained 8*4 per cent, 
morphine, 3*6 narcotine, and a small quantity of glucose. 

The ash of Behar opium — a mixture of the ashes of various samples from the 
Government Factory, Patna, — has been analysed by C. Warden (Chem. News, xxxviii. 
146). It was of a light grey colour, and contained 0*8575 per cent, of charcoal, 
which was deducted before calculating the percentage composition, which is as 
follows ; — 

Pe=0“ CaO MgO £=*0 Na*0 SO=* P“0* SiO» 

1*9839 7*1344 2*3104 37*2405 1*7006 23*1419 10*9021 15*2740 

There are also traces of alumina, manganese, carbon dioxide, and chlorine. The 
sulphuric acid, of which there is an unusually large quantity present, is supposed to 
be united -with the potash and lime. 

On the methods of estimating Morphine in Opium, see p. 1338. 

On the reaction of Opium-bases with Iodised Hydriodio Add, see Alkaloids 
(p. 55) ; with Hydrogen Sulphide, Auric Bromide, Sodio-aurous Thiosulphate, Lead 
Tetrachloride, and Ammonium Molybdate, see p. 56 ; with Sulphuric Add and Ferric 
Chloride, see Plant-bases. 

OPOPOIO; AX. See Besins. 

ORANGS-PSBIi 0X3^. See mi. 877. 

ORCXXaroZi, C’'H^O-=C®H®(CH^)(OH)2. Ordn. Estimation in 2)ye-liohe7is. — The 
quantity of orcinol in a dye-lichen may be estimated by titration with bromine-water, 
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the reagent being added till the suspended precipitate, which for a while has become 
white, again acquires a yellowish tint, and an excess of bromine is indicated by the 
smell. The reaction, which is quite definite, consists in the formation of tribromorcinol, 
so that from the quantity of bromine used (the excess being determined by means of 
potassinm iodide and sodium thiosulphate), it is easy to calculate the quantity of 
oreinol in the liquid (S. Eeymann, Ber, viii. 790). 

Action of Ammonia . — ^Liebermann a. Trosclihe {ibid. vii. 247), by acting on oreinol 
with ammonia in contact with the air, have obtained two colouring matters which 
appear to have the formulae and The first is probably formed 

as represented by the equation, 

2C^H802 + + Qs = + ZBPO. 

Binitroso-orcinol, C'E[^(NO)“(OH)“ (Stenhouse a. Groves, Gkem. Soc. J. xxxi. 
544). This compound is formed, hut in small quantity only, by treating oreinol with 
potassium nitrite and acetic acid; much more readily by the action of nitrosyl 
sulphate on oreinol : j, 

0’H«(0H)2 + 2(H.NO.so4) = 2H2SO^ + cm*{m)xoKy. 

It is advisable to use a solution of nitrosyl snlphate containing 15 per cent. NW, 
prepared in the manner already described (p. 1419), so as to ensure the absence of 
nitric acid. Of this solution, 100 pts. are added gradually and with continued 
agitation to 20 pts. of crystallised oreinol dissolved in 2000 pts. of water. As the 
liquid is somewhat apt to froth, and the nitrosyl-solution is decomposed instantly on 
coming in contact with water, it is best to run it into the oreinol solution below the 
surface of the liquid by means of a long-necked funnel or a bulb-dropping tube 
furnished with a stopcock. The dinitroso-oreinol then begins to separate in a few 
seconds, and in the course of eighteen to twenty-four hours is completely deposited in 
the form of a yellowish-brown powder. For purification, it is washed with cold water; 
converted into an a mm onium salt by suspending it while moist in 10 to 15 pts. of 
alcohol ; adding alcoholic ammonia by small successive portions till the brown powder 
is completely changed into a green crystalline powder ; finally adding a slight excess 
of ammonia ; leaving the whole at rest for a few minutes ; and separating the green 
crystals from the brown mother-liquor by pressure on a cloth filter. This purified 
ammonium salt is decomposed by stirring it up with water and dilute sulphuric acid, 
and leaving the mixture to itself for some hours, the dinitroso-oreinol thereby separated 
being collected on a vacuum-filter and well washed with cold water to remove 
adhering ammonium salt. Another treatment or two with alcoholic ammonia serves 
to remove all soluble impurities from the nitroso-orcinol, yielding a product which is 
of a very pale colour, but as it is liable to contain some lead sulphate derived from 
the concentrated sulphuric acid employed in the preparation of the nitrosyl sulphate, 
it is advisable to dissolve it in a dilute solution of sodium hydrate, and precipitate the 
filtered liquid by an acid. This is most conveniently done by suspending the purified 
dinitroso-oreinol in 10 to 15 pts. of water, and adding a solution of sodium hydrate 
until nearly the whole is dissolved. The solution is then filtered and strongly 
acidulated with dilute sulphuric acid. 

Pure dinitroso-oreinol, prepared by the decomposition of the sodium or ammonium 
compound, is a pale-colonred crystalline powder, but it may be obtained in distinct 
ciystals by adding a solution of 4 pts. of oreinol in 400 of water to a dilute aqueous 
solution of nitrous acid (made by pouring 20 pts. of the nitrosyl sulphate solution 
containing 3 of into 1600 of water). The liquid becomes deep-yellow, and on 
standing for twenty-four hours, deposits the dinitroso-oreinol in sharply-defined 
transparent prisms of a deep-yellow colour. It is almost insoluble in water, alcohol 
ether, benzene, &c., hut dissolves in hot glacial acetic acid, and is reprecipitated 
apparently but little altered, on diluting the solution with water. It dissolves when 
boiled with alcohol, but undergoes decomposition at the same time. Cold concentrated 
sulphuric acid dissolves it with deep-red colour, and the solution, if at once poured 
into water, deposits unaltered nitroso-orcinol ; on heating the solution in the concen- 
trated acid, however, or even on allowing it to stand for some time, it is decomposed. 
When nitroso-orcinol is heated in a narrow tube, it begins to turn dark rapidly at 110°, 
but without fusing, and at 140° it becomes almost black. Heated rapidly on platinum- 
foil, it melts and decomposes; but without deflagration. 

The potassium-, sodium-, and ammonium-derivatives of dinitroso-oreinol are green 
crystalline compounds, soluble in water, but only slightly soluble in alcohol. The 
ammonium compound is decomposed by prolonged contact with alcoholic ammonia. 
The derivatives containing the metals of the alkaline earths and the heavy metals are 
brown amorphous insoluble precipitates, 

C’H^(N02)02 = C«H2(CH*XN02)(0H)2 
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WTitro-orclnols. 1. Mononiiroorcinoh. — An ethereal solution of orcinol treated 
■vnth a mixture of nitrous and nitric acids, deposits on standing a brownish-red crys- 
talline body, almost insoluble in ether, very sparingly soluble in alcohol, and crystal- 
lising from, acetic acid in brown granular crystals with beetle-green lustre. Water 
containing a trace of an alkali dissolves this compound with a splendid purple colour, 
and the solution, when very dilute, exhibits a vermiilion-red fluorescence. With 
concentrated sulphuric acid it forms a purple solution, which, on standing, or on heat- 
ing, turns brown. The empirical formula of this body, which is not explosive, is 

4C^H«02 -h = 2C^4H“N03 + BWO. 

On dissolving it in hot concentrated nitric acid, a dark reddish-brown liquid is 
formed, from which, on cooling, glistening bright-red prisms, ciystallise 

out ; they dissolve in water and ^cohol with a crimson colour, which turns brown on 
addition of ammonia. The ethereal solution, even if very dilute, exhibits a magniflcent 
vermiilion-red fluorescence. 

On distilling Sie ethereal mother-liquor of the first of these compounds, a brown 
syrup is left behind, containing two mononitro-orcinols; one of them, called 
a-mtro-orcinol, volatilises with steam, and is obtained by resublimation in long, soft, 
glistening, orange-red needles, melting at 120° and dissolving readily m alcohol and 
ether, but very sparingly in cold water. On boiling it with baryta-water, the normal 
salt, C^H^(N02)0-.Ba, is obtained in bronze-coloured needles, which, when suspended 
in water are decomposed, the acid salt [C^H^N0-(0H)0]-Ba being formed, which 
crystallises in small greenish-brown plates with a metallic lustre, ^-nitro-oreinol is 
isolated by boiling the tarry residue left after the a-compound has been driven off 
with water, concentrating the solution, and purifying the compound, which crystallises 
out by boiling a dilute alcoholic solution with animal charcoal. It forms short, 
slender, dark lemon-yellow needles, containing 1 mol. of water and melting at 115°. 
The normal barium salt, C^JBL=(NO-)0-Ba-f 8H-0, forms red granular crystals, and the 
acid salt, [0‘H®NO“(OHjO]“Ba-}-4H-O, crystallises in tufts of golden-yellow prisms. 
On adding bromine to an ethereal solution of j8-nitro-oreinol, the compound 
CE^Br2(NO-)(,OH)- is obtained in dark-yellow plates, melting with decomposition at 
112°. The acid barium salt contains 1 mol. of water, and crystallises in red needles. 
By adding iodine and mercuric oxide to an alcoholic solution of the ^-compound, 
dark-yellow woolly needles of the corresponding iodine-compound are formed 
(Wesel&ky, Ber. vii. 439). 

2. JDinitro-oTcinol, CE®N-0®=C®H(Cn®)(N0*)“(0H)^ — Strong nitric acid 
acts readily on nitroso-orcinol, especially when heated, forming trinitro-oreinol, 
together with some oxalic acid. With dilute nitric acid in the cold, however, the 
action was different, dinitro- orcinol and oxalic acid being produced, but only traces of 
trinitro-oreinol. When finely-powdered nitroso-orcinol was added to four times its 
weight of nitric acid of sp.gr. 1*3, care being taken to keep the mixture cool by 
immersing the beaker in cold water, it gradually acquired a reddish-brown colour ; 
the odour of nitrous fumes soon became apparent ; and in the course of five or ten 
minutes the whole solidified to a pasty crystalline mass, which had to be stirred up at 
frequent intervals, to prevent its becoming warm, otherwise much trinitro-oreinol would 
have been formed. In this operation, it is not necessary to employ pure dry nitroso- 
orcinol, as the crude moist substance answers every purpose — the amount of acid being 
adjusted so that for every 100 pts. of orcinol originally taken, about 550 of the nitric 
acid shall be employed. After standing for twenty to twenty-four hours, the product, 
which had become of an orange colour, was mixed with an equal bulk of cold water, 
collected on a vacuum -filter, and well washed with cold water. The dry product was 
then dissolved by agitation with cold ether, in which it is readily soluble ; the solution 
filtered and evaporated to dryness in the water-bath ; and the dinitro-orcinol was 
finally purified by two or three crystallisations from boiling spirit. 

Dinitro-orcinol crystallises in deep yellow rhomboidal plates, which are almost 
insoluble in cold water, more soluble in boiling water, but crystallises out again 
almost entirely on cooling. It is very soluble in ether, and requires about 18 pts, of 
alcohol at 15° for solution. It is also slightly soluble in carbon bisulphide, and 
readily in hot benzene, but almost insoluble in light petroleum. Dinitro-orcinol melts 
at 164*5°, two degrees higher than trinitro-oreinol, but, unlike the latter, which 
explodes a little above its melting point, dinitro-orcinol may be heated to above 190° 
without alteration, and with care may even be sublimed at a somewhat higher tem- 
perature. Heated rapidly on platinum foil, it fuses and deflagrates. It is slightly 
soluble in strong sulphnric acid, with a yellow colour, but when heated with 
the acid, it dissolves with effervescence, forming a deep orange-coloured solution. 
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widch does not yield a precipitate on tlie addition of water. It <Kssolves in hot con- 
centrated nitric acid, and is at the same’time converted into trinitro-orcinol. 

The derivatives which dinitro-orcinol forms with the alhali-metels, as also the 
corresponding ammonium-compound, are very soluble in water, and difficult to obtain 
in the crystalline state ; they are of an orange-red colour. 'TOen dinitro-orcinol is 
boiled with water and silver oxide or carbonate, it is decomposed, the silver being 
reduced, and forming a metallic mirror on the side of the vessel. With barium, it 
forms two compounds, one of which is almost insoluble in water, and of a deep crimson 
colour ; the other, which forms long silky needles of a bright yellow colour, is spar- 
ingly soluble in boiling water, but crystallises out almost entirely on cooling. The 
crimson barium compound may be obtained by adding an excess of an aqueous solution 
of barium hydrate to a solution of dinitro-orcinol in spirit : on boiling the^ mixture, 
the salt is thrown down as a crystalline powder. It dissolves on boiling it with water 
and excess of dinitro-orcinol, and the solution, on cooling, deposits the acid salt in 
orange-yellow needles. In order to obtain them free from dinitro-orcinol, however, it 
is best to operate in the following manner : — 2 pts. of dinitro-orcinol are dissolved in 
40 of alcohol, and the solution divided into two parts, one of which is slightly less 
than the other. The smaller portion is then heated, diluted with its own biilk of hot 
water, and boiled ; a cold saturated aqueous solution of barium hydrate is now added 
in slight excess (a quantity rather more than equal in volume to the solution of 
dinitro-orcinol in alcohol and water) ; the mixture is left to cool in a closed vessel to 
prevent formation of barium carbonate by absorption of carbonic anhydride from 
the air ; and the precipitate is collected on a vacuum fdter and thoroughly washed 
with cold water. The crimson basic salt thus obtained is converted into the acid salt 
by boiling it with a considerable quantity of distilled water, and adding the second 
larger portion of the alcoholic solution of dinitro-orcinol. The crimson salt soon dis- 
solves, and the clear liquid, on cooling, solidifies to a mass of the needle-shaped crystals 
of the acid barium salt ; a second crystallisation from boiling water suffices to purify 
it. Determinations of the amount of barium gave 23*69 per cent, and 23*61 per cent. 
Da, agreeing with the formula [C^H'*(JS[02)20H.]^Ba0^ + H20 (Stenhouse a. Groves, 
loo, dt,') 

3. Trinitro^oroinol, — C®(CH^)(K0“)®(0E)2, may be prepared by 

heating orcinol at 100® with excess of sulphuric acid, treating the resulting sulphonie 
acid after cooling, first with dilute, then with concentrated, and finally with fuming 
nitric acid in excess, and pouring the product into cold water (Merz a. Zetter, 
xii. 681). 

Aldebydes from Orcinol, and their Derivatives (Tiemann a. Helkenberg, 
Ber. xii. 999). "When a solution of orcinol in very dilute soda is boiled with chloro- 
form, three aldehydes are formed, which may be separated by acidifying the mixture 
with sulphuric acid, and distilling in steam, when a-orcendialdehyde will be found in 
the distillate. By extracting the residue in the retort with ether, a mixture of 
orcylaldehyde and ^-orc&tidialdeJiyde is obtained, from which the latter is removed by 
shaking up the ethereal extract with a solution of sodium-hydrogen sulphite, 

Orcylaldehyde, C®H*(CH^)(OH)-.COH. — The crude product is purified by solution 
in potash, and reprecipitation by acids ; it is then recrystallised from benzene, and 
finally from water. The pure substance forms colourless needles (m. p. 177°), which 
dissolve freely in alcohol, ether, chloroform, hot benzene, and boiling water. It unites 
with aniline to form oreyialdehy deanilide, C®H-(CH®)(OH)®.0(N.C®H^)H, which 
crystallises in yellow prisms (m. p. 125®), soluble in alcohol, ether and chloroform. 

Homoacetoxycoumarin, CE[®(002H^0)C®H-<^^^^^C0 , obtained by tbe action 

of acetic anhydride and sodium acetate on orcylaldehyde, crystallises in colourless 
needles (m. p. 126®), which are soluble in alcohol and ether. This compmnd gives a 
blue coloration with alkalis. 

a-Orcendialdehyde,^ C®H(CB[®)(OH)*(COH)^ forms long needle-shaped crystals 
(m. p. 117°), soluble in alcohol, ether, chloroform, and in hot water. This aldehyde 
unites with aniline, ioxmmga-orcendialdeJiy dedianilide, C®H(OH®)(OH)®[C(hl.C®H^)^Hp, 
a yellow crystalline powder, which melts at 281®. 

^-Oreendialdehyde is obtained in pale yellow crystals by decomposing its sodium- 
sulphite compound with sulphuric acid, extracting with ether, and recrystalling 
from benzene and from dilute alcohol. This substance melts at 168®, but sublimes at 
a lower temperature. It is soluble in alcohol, ether, chloroform, benzene, and hot 
water. 

Xsorclnols. Two compounds isomeric with orcinol, and distinguished as a- and 
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7 -isorciriols, are produced, by the action of melting potassium hydroxide on the 
respective toluenesulphonic acids {q, v.) 

a.-Isorcinol, obtained in this manner, together with salicylic acid and slight 
traces of paraoxybenzoic acid, from a-toluenedisulphonic acid, crystallises from water 
in thickly felted groups of small needles containing water of crystallisation and 
melting at about 95°. In the anhydrous state it melts at 87°-88°, boils at about 
270 ^, and yields by distillation a thick liquid which takes a long time to solidify. 
a-Isorcinol is not altered by exposure to the air. With ferric chloride and with silver 
nitrate and ammonia it produces a violet-blue coloration, which soon disappears. It 
is coloured yellow by chloride of lime, and blue by contact with ammonia and moist 
air. By fusion with sodium formate, it yields a di carboxylic-acid which forms spar- 
ingly soluble white flocks exhibiting signs of fusion below 270° (Hakansson, Ber, v. 
1087). 

y-IsoTcinol is formed, also together with salicylic acid, by fusing 7 -tolueiie- 
disulphonie acid with potassium hydroxide and a little water. On acidifying the 
aqueous solution the melt with sulphuric acid, agitating with ether, and treating 
the resulting ethereal solution with sodium carbonate, the salicylic acid is removed, 
while the isorcinol remains in the ethereal solution, and may be separated by pre- 
cipitating with basic lead acetate, and decomposing the precipitate with hydrogen 
sulphide. It forms a radio-crystalline mass, containing 1 mol. water which is given 
off at 1 00 °. It differs considerably from orcinol in its properties and reactions, has a 
sweet but not nauseous taste, melts at 87° and boils at 260°. It dissolves in water, 
alcohol, and ether ; the aqueous solution, syrupy at first, soon solidifies throughout 
the entire mass. It does not change colour in contact with the air ; produces a 
brownish-green colour with ferric chloride, and a black precipitate with ammoniacal 
silver solution ; is coloured red and gradually yellow by chloride of lime ; and when 
exposed to moist air in contact with ammonia, acquires a brownish colour, which is 
removed by acetic acid (Senhofer, Liebig's Annalen, clxiv. 126). 

Betorcinol, = C®(CH®)“H^(OH)^. This homologue of orcinol, obtained 

by the destructive distillation of the lichen, XJsnea barbata, was discovered in 1 848 by 
Stenhouse (iv. 214) — who named it ^-orcin — and has lately been further investigated 
by Stenhouse a. Groves {Chem. Soc. J. xxxvii. 366), the name being changed, in 
accordance with present usage, to Betorainol.^ It was originally regarded as a product 
of the decomposition of usnic acid, but recent experiments have shown that pure usnic 
acid does not yield a trace of it, and that it must therefore be produced from some 
other constituent of the lichen ; this constituent has, in fact, been isolated, and will 
be described further on. 

To prepare betorcinol, Usnea barbata, carefully freed from other lichens, is ex- 
hausted with milk of lime, the solution precipitated by hydrochloric acid, and the 
precipitate boiled with lime and water. The clear solution is neutralised with hydro- 
chloric acid and evaporated, whereupon the crude betorcinol crystallises out. 
purified by crystallisation from benzene and from water it melts at 163°. It is less 
soluble than orcinol ; gives a bright crimson colour with hypochlorites, orcinol giving a 
purplish red; and its ammoniacal solution is rapidly coloured on exposure to air, 
whereas the correspondiDg orcinol solution is but slowdy changed thereby. 

Clilor obetorcinols. TetracJilorob etorcioiol, C®B.®C1'^0“ = C®( CB[®)'CP(OCl)“, 
is obtained by the action of chlorine in excess on betorcinol, the best mode of preparation 
being to add a solution of betorcinol to a solution of chlorine hydrate. A mixture of 
crystalline chlorine hydrate is first prepared by passing a current of chlorine, with 
occasional agitation, through water to which about one-fourth part of crushed ice has 
been added ; betorcinol is then dissolved in 50 parts of boiling water ; the cooled 
solution is gradually added to a portion of the chlorine hydrate mixture, leaving the 
latter in slight excess, and the colourless mixture is left to itself for twelve to twenty 
hours : it then deposits the tetrachlorinated compound in colourless crystals whicli 
may be purified by one or two crystallisations from light petroleum. This compound 
forms large white prismatic crystals which, melt at 109°, and are easily soluble in 
benzene, but insoluble in -v^ater. 

JDichloTobetorcinol, C®H®C1'0^==C®(CH®)'C1(0H)® is obtained by the action 
of reducing agents on the tetrachloro- compound just described. The best mode of 
preparation is to add the tetrachloro-compotmd by small portions to ' a solution of 
hydriodic acid containing 15 per cent, iodine and a small quantity of red phosphorus, 
in a flask with reversed condenser, taking care that each portion of the tetrachloro- 
compound is reduced before the next is added, and continuing the boiling, till the last 
portions are reduced and the whole assumes the appearance of a mass of slender 

* ^-Orcinol would signify an isomeride rather than a homologue of orcinol, 

Yol. YIIT. ' 5 A 
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colourless needles. The dichlorobetorcinol thus obtained forms, after washing and 
recry staliisation from light petroleum, long colourless needles which melt at 142° and 
dissolTe in carbon bisulphide, benzene, and ether. 

SromobetorciBOls. The tctrahromo-com founds _ C®H®Br*0® « 

C®(CH.®)“Er-(OBr)‘^, may be prepared by adding betorcinol to bromine and ^ water, 
beeping the bromine in excess, or better by pouring a mixture of 5 pts. bromine and 
30 pts. by measure of carbon sulphide on 1 pt. of finely powdered betorcinol, and gently 
heating the mixture in a fiask furnished with a condensing tube. As soon as the 
whole of the betorcinol is dissolved, the dark brown solution is decanted from traces of 
black tar and agitated with an equal bulk of warm water, whereupon the colour 
gradually becomes lighter; if it should disappear entirely, more bromine must be 
added. The solution of tetrabromobetorcinol in carbon sulphide is then separated 
from the supernatant liquid, concentrated by distillation, and left to evaporate, and 
the crystals which form are purified by recrystallisation from light petroleum. A 
very pure product may be at once obtained by acting on pure colourless dibromo- 
betOTcinol with bromine and water at a gentle heat, and crystallising the product from 
carbon sulphide and light petroleum. * ^ 

Tetrabromobetorcinol crystallises in large colourless prisms melting at 101°, and 
very similar in appearance to the tetracbloro-compound. It is very soluble in ether, 
benzene, and carbon sulphide, less so in petroleum. 

Dihromohetorcinol, C®H®Br20-= 0®(CH3)2Br2(0H)2, may be prepared, like the 
corresponding chlorine- derivative, by reducing the tetrabromo-compound with 
hydriodic acid and red phosphorus, taking care that the reduction does not go too far : 
much more conveniently however by treating betorcinol with bromine diluted with 
carbon sulphide, the action then going no further than the production of the dibromo- 
derivatire, since the presence of water is necessary to convert this compound into 
tetrabromo-betoreinol. The resulting solution concentrated by distillation yields the 
dibromo-compound in nearly colourless crystals, which may be purified by washing 
with a little carbon sulphide and recrystallisation from light petroleum. Dibromo- 
betoreinol forms long needles melting at 155°, and closely resembling the dichloro- 
derivative. 

The fact that the action of bromine on betorcinol when water is carefully excluded 
displaces only two atoms of hydrogen, whereas, in presence of water, a tetrabromo- 
derivative is formed, is due to the great difference between the amount of energy 
involved in the formation of gaseous hydrogen bromide by the direct union of bromine 
and hydrogen, and that which is manifested in the formation of hydrobromie acid in 
aqueous solution, the quantities of heat evolved in the two cases being, according to 
Thomsen (vii. 612), H + Br = 8440, and H + Br + aq. = 28376 gram degrees. Now in 
betorcinol the two H-atoms united with carbon in the benzene-nucleus are displaced 
by bromine with comparative facility, the compound C®(OH^)-Br“(OH)^ being pro? 
duced, with evolution of HBr ; but in the case of the two H-atoms united with oxygen 
in the OH-groups, it is only when the much ^eater energy involved in the formation 
of hydrobromie acid in presence of water is exerted, that substitution takes place, 
resulting in the formation of the tetrabromo-derivative. A precisely similar difference 
is observed in the action of bromine on orcinol, accordingly as water is present or 
8.bsent, the substitution in the latter case going no further than the production of 
tribromorcinol. 

Zodobetorcinol, C“H®IO"— C®(CH*)HI(OH)”. This compound, the only known 
iodo-derivative of betorcinol, may be prepared similarly to iodorcinol (vii. 879) by the 
action of lead oxide on betorcinol and iodine in ethereal solution. After crystallisa- 
tion from light petroleum, it melts at 93°. It dissolves very readily in ether, benzene, 
and carbon sulphide, very sparingly in boiling water, more freely in dilute spirit, but 
does not crystallise well from the latter. 

IMTitrosobetorcinol, C®H®NO^ = C®(CH®)“H(NO)(OH)^, is readily prepared by the 
action of nitrosyl sulphate, SO\NO)OH (p. 1419) on betorcinol in aqueous solution. 
Betorcinol (2 pts.) is dissolved in 100 pts. of boiling water, and the solution, after 
filtering and cooling, is poured into a mixture of 7 pts. nitrosyl sulphate solution 
(Containing 15 per cent. N^O®) with 200 pts. of water, whereupon a brilliant orange- red 
precipitate makes its appearance. This, after a few miniites, is collected on a vacuum- 
filter, washed by stirring it up with 100 pts. of water, and again collecting, repeating 
the washing once more in the same manner so as to remove the last trace of free acid, 
and finally dried at a gentle heat. 

Nitrosobetorcinol is moderately soluble in water and readily in alcohol, but is not 
easily recovered from either of these solvents in the crystalline state. It dissolves 
very readily in hot glacial acetic acid, and separates on cooling in small bright- red 
prismatic crystals. It is sparingly soluble in light petroleum and in carbon sulphide, 
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somewhat more freely in hot benzene, from which it crystallises on cooling ; easily 
soluble in ether. 

This compound, in which only one of the hydrogen-atoms is replaced by NO, ap- 
pears to be the only nitroso-derivative of betoreinol, whereas orcinol and resorcinol, 
when treated with nitrous acid, yield dinitroso-derivatives. Considering now that 
the action of nitrous acid on phenol, the ^?^cD^hydroxy-derivatire of benzene, gives rise 
to a wo^zcnitroso-phenol in which the NO-group occupies the para-position with respect 
to the OH-group, and that, of the three metaffzhydroxy-derivatives of phenol, res- 
orcinol and orcinol yield (^z-mtroso-derivatives, whilst betoreinol yields oidy a mo7io- 
nitroso-derivative, it seems not improbable that, in the latter, the para-position with 
respect to one of the OH-groups is occupied by a CK^-group. 

Of the four possible formulae for betoreinol, or dimetkyl-dikydroxyhenzcne, viz. 
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I. is capable of yielding a dinitroso-derivative in which the NO-groups can occupy a 
para- position with respect to the OH-groups, and in lY. the para-positions are occu- 
pied by CH-'*-groups, so that it could not yield a nitroso-derivative of this class, whilst 
in n. and III. there is only one para-position into which the NO-group could enter, 
whence it follows that these bodies would yield ?/zo7zcnitroso-derivatives. Our know- 
ledge of the laws which govern the introduction of the nitrosyl -group into the 
hydroxyl-derivatives of benzene is at present far too limited to enable us to pronounce 
with certainty on this point ; but it seems most probable that the constitution of 
betoreinol is represented by the formula II. or III. rather than by I. or lY. 


The acid which yields betoreinol may be separated from usnic acid by means 
of its greater solubility in cold ether. It melts at 186°, and decomposes at a some- 
w^hat higher temperature, yielding carbon dioxide and betoreinol. It is represented by 
the formula and is related to betoreinol in the same manner as evernic acid, 

to orcinol, and might therefore be regarded as dhnethyl’ evernic acid. As 
however this constitution cannot at present be assigned to it with certainty, Sten- 
house a. Groves have provisionally named it barbatio acid. Hesse {Ber. x. 1326) 
obtained from an us7iea growing on Calisaya bark, an acid which he called usnetic acid. 
This acid is probably not identical with barbatic acid, but may be an ethereal salt 
thereof, as alcohol was used in its extraction and purification. 

Ol&CZirOXi-PKTSSAI.BIia'. See Phthaleins. 

OBGAZIZC COlWCPOlXHiTBS. JDecoyyiyosition of Organic Liquids by the Electric 
Sjoark. — Berthelot inferred from his experiments on the action of a red heat on hydro- 
carbons (vi. 259), that when a hydrocarbon of high molecular weight is submitted to de- 
structive distillation, the four fundamental hydrocarbons, acetylene, ethylene, methane, 
and ethane are first separated, and these, immediately entering into combination with 
each other, produce the more complex hydrocarbons which are actually obtained ; and 
this view has been considerably strengthened by the recent experiments of Truchot 
(Compt. rend. Ixxxiv. 714), in which organic compounds W'ere decomposed in such a 
manner that the simpler hydrocarbons produced in the first instance were prevented 
from recombining, and thus obtained in the free state. This was effected by passing 
a powerful induction spark through the liquid itself, and collecting the resulting 
gases. 

Yolatile liquids, such as pentane, pentylene, and ethyl oxide thus treated give 
about 1 litre of gas per hour, but compounds of higher boiling point give considerably 
less. The gas invariably contains hy^ogen in addition to the hydrocarbons already 
mentioned, but no compound containing more than two atoms of carbon in the mole- 
cule is present. With the liquid paraffins, no deposit of carbon occurs during the 
decomposition, provided the liquid be kept slightly warm ; and a trace of carbon only 
is obtained in the case of an olefine. With the less saturated hydrocarbons, however, 
such as the terpenes and benzene derivatives, a tolerably abundant deposition of 
carbon always takes place. Compounds containing oxygen, such as alcohol, ether, and 

5 A 2 



1444 


ORGAmC OOMPOUIS^DS. 


the aldehydes, give no carbon ; but, in addition to the fundamental hydrocarbons, they 
evolve carbon monoxide, unaccompanied by carbon dioxide or water-vapour. 

Action of Boron Fluoride . — ^The action of this compound on hydrocarbons and 
oxygenated organic bodies has been studied by F. Landolph {Ber. xu 1312). By pass- 
ing the gas over comminuted camphor, a crystalline mass is obtained which melts 
below 200°, gives off the whole of the absorbed gas on distillation, leaving the camphor 
in the pure state, but when heated to 250® in a sealed tube for 24 hours is completely 
resolved into boric acid, gases having an acid reaction, and a mixture of hydrocarbons, 
the chief constituent of which (amounting to 40 per cent, of the camphor decomposed) 
is cy men e. At the same time there is formed a yellowish-green viscid hydrocarbon 
which boils above 350®. 

Anisdil is violently attacked by boron fluoride, yielding a body which distils over 
at 158°~163®, and hydrocarbons of high boiling point, together with a heavy liquid 
which is partially decomposed by contact with the air, with separation of boric acid, 
and is resolved by water into boric acid and hydrogen fluoride. 

With beyisaldehyde, boron fluoride unites in definite proportion sf forming a well- 
crystallised compound, which on exposure to the air splits up into benzaldehyde, boric 
acid, and hydrogen fluoride, and when heated to 250® in a sealed tube for 24 hours, is 
converted into a black solid mass from which ether extracts a hard white substance 
melting at 123®-1 24®, solidifying again at 80®, and crystallising from water in slender 
shining needles. 

Ghlm'al is converted by boron fluoride into metachloral ; acetic acid into the 
anhydride ; succinic acid is not acted on. With ethylene, boron fluoride forms ethylene 
fluoboride, a liquid which boils at 126®, and when exposed to the air immediately 
evaporates, giving off white strongly acid fumes, together with ethylene, and leaving 
a small quantity of boric acid. 


Action of Chromyl Chloride, CrO^Ol- (Etard, Compt. rend. Ixxxiv. 127 ; Bull. 
8oo. Chim. [2], xxvii. 249). 1. treated with this compound yields carbonyl 

chloride, GOOF. 2. Glacial acetic acid heated to 100° in sealed tubes with chromyl 
chloride yields a crystalline salt, Cr-0^[Cr-(C2H®0')®]^ + SH-O, which exhibits dichroxsm 
(being yellow-green by transmitted, dark green by reflected light), together with 
free chlorine and chromic chloride ; no acetyl chloride was observed. 3. Mhyl acetate 
is converted into acetic acid and aldehyde. Bcntane from petroleum and inactive 
amyl chloride jieldiS chloromethyl-isobutyl ketone, CH-Cl — CO — 0H^.CH.(CH®)^ 
a colourless liquid having a pungent aromatic odour, and boiling without decomposition 
at about 120®. 5. Hexane converted into an acid, and a liquid, C®H“C10 (prob- 
ably a chlorinated ketone), which boils at 145°-160°, easily reduces ammoniacal silver 
solution, does not unite with acid sodium sulphite, and is not attacked by potassium 
hydrate. 6. Benzene is converted into quin one. 7. Baradibromohenzene yields a 
compound, probably C^CPBr^O-, converted by soda-ley into chloranilic acid. 
%. Nitrobenzene yields nitroquinone, G^K\NO-)0% which crystallises in yellow 
shining scales, melts at 232®, and sublimes at a higher temperature. 9. yields 

quinolic ether, C^HXOH^O.C^H-^COH), a white uncry stalli sable substance con- 
vertible by oxidation into quinone. 10. Toluene yields benzaldehyde, together 
with benzyl chloride. li. Nitrotoluene is converted into nitrotoluquinone, 
C®II2(N02)(CH3)02, which forms large brown-yellow crystals melting at 237°, and 
easily subliming. The reaction is attended with the formation of a somewhat con- 
siderable quantity of ozone (Etard). 

Anthracene dissolved in acetic acid is converted by chromyl chloride into ant hr a- 
quinone (Haller, Ber. x. 734). 


Analysis. — A method of determining the carbon, hydrogen, oxygen, nitrogen 
sulphur, phosphorus, and halogen elements in an organic compound by a sinqle com- 
bustion IS described by A. Mitscherlich {Ber. vi. 1000). It consists in burning the 
substance with mercuric oxide in a combustion-tube from which the air has been dis- 
placed by a current of pure nitrogen, the mercuric oxide in contact with oro-anic 
matter being reduced at a temperature below that which is required for its decompo- 
sition by heat alone. The water and carbon dioxide thereby formed are estimated by 
absorption and weighing in the usual manner ; the mercury reduced by the combustion 
IS driven by a strong stream of nitrogen into a weighed tube; and the quantity of 
oxygen equivalent to this reduced mercury, deducted from the total amount of oxygen 
contamed in the carbon dioxide and water together, gives the quantity of that element 
contained in the substance under examination Chlorine, bromine, or iodine, if present 
unites with a portion of the liberated mercury, forming a compound which passes over 
^th the metallic mercury and may be estimated by weighing. 8ulphur %.nd. phos- 
phorus are oxidised to sulphuric and phosphoric acid respectively, which may be esti- 
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mated by known methods. Nitragen-camj^ounds yield nitrogen dioxide, which may he 
absorbed by a mixtnre of chromic acid and stannous chloride in an apparatus placed 
between the calcium chloride tube and the potash-bulbs. 

A similar method for the simultaneous determination of carbon, hydrogen, nitrogen, 
and oxygen is given byFrerichs {Ber. x. 26). The substance is burned with mercuric 
oxide in a tube exhausted of air, and the evolved gases are dried, passed into a 
eudiometer, and analysed in the usual way. The water formed is absorbed by phos- 
phoric anhydride. 

A method of analysis by reduction, whereby the carbon, hydrogen, and oxygen in 
an organic compound may be determined directly, is described by H. Cretier (Zeitschr. 
anal. Ckem. 1874, 1). The vapour of the organic body or of its products of decom- 
position is passed over ignited magnesium-powder, which abstracts the whole of the 
oxygen, yielding a gaseous mixtnre consisting only of carbon and hydrogen, in which 
these elements can be estimated by the usual methods of gas-analysis. In this manner 
the entire weight of hydrogen in the organic substance is at once obtained ; and that 
of the carbon may be ascertained by adding the weight of the charcoal remaining 
after the decom;^osition to that contained in the gaseous mixture. The amount of 
oxygen is calculated from the weight of the unaltered magnesinm. The results, how- 
ever, are not very exact. 

On the estimation of Chlorine, Bromine, and Iodine in Organic Compounds, see 
Halogens (p. 924). 

To obviate the errors arising from the use of reduced copper for decomposing the 
nitrogen oxides evolved in the combustion of azotised organic bodies (p. 183), Perkin 
has devised a method of removing these compounds by oxidation and absorption, 
instead of reducing them with copper. The best absorbent for the purpose is a 
mixture of potassium chromate and manganese dioxide. In making a combustion, 
about 6 inches of the mixture are placed in the front part of the tube (the oxygen 
process being used) and the whole of the tube is heated and dried with air in the usual 
way. The temperature of the mixture is then allowed to fall to about 200® to 250'’, 
and the combustion is conducted in the ordinary way. By re-heating the mixture 
strongly and passing a current of air over it, the oxides of nitrogen are removed and 
the mixture is ready for a second combustion. If the organic substance contains 
sulphur, a greater length of the mixture must be used, the back part being strongly 
heated to absorb the sulphur dioxide, and the front part maintained at 200® to 250® 
to absorb the oxides of nitrogen {Chem. Soc. J., 1880, xxxvii. 121, 418). 

An indirect method for the quantitative analysis of a mixture of organic compounds 
of known composition, by means of equations with several unknown quantities, is 
proposed by E. Popper {Zeitschr. anal. Chcm. x. 429). An ultimate analysis of the 
mixture is first made, and the resulting equation, x + y + z zi, is com- 

bined with those which are deduced from the percentages of carbon and hydrogen in 
the several proximate constituents of the mixture. Suppose, for example, that a 
mixture of stearic acid, naphthalene, and pyrocatechin, weighing 0*555 grams, gives 
by ultimate analysis 0*3936 carbon and 0*0422 hydrogen: then we have the three 
equations : 



X -i- 

y 


= 0*555 

216^ 

120 

+ 

72^ 

= 0-3936 


128 


no" 

a -f- 


+ 

6 ^ 

= 0*0422 

284 

128‘^ 


no" 


in which the denominators are the molecular weights of the three constituents, and 
the numerators are the atomic weights of the quantities of carbon and hydrogen con- 
tained therein. 

On the estimation of Organic Matter in Potable Waters, see Dittmar a. Eobinson 
{Chem. News, xxxvi. 26; Chein. Soc. J. xxxii. 806). 

On the Incineration of Organic Matter preparatory to testing for Metallic Poisons, 
see Verryken {Ckem, Centr. 1873, 696 ; Chem. Soc, J. xxvii. 603). 

On Incineration with Barium or Potassium Hydrate for the estimation of Chlorine 
and Alkalis, see Behagel von Adlerskron {Zeitschr, anal. Chem, 1873, 890; Jahresb. 
f. Chem. 1873, 949). 

ORCriLXarOifBS. The organoids of the peninsula of Abscheron on the Caspian 
Sea have been described by H. Abich (N. Petersh. Acad. Bull. xxi. 493). The 
petroleum has lately been obtained in this locality by numerous borings, and rises in 
the bore-holes under very high pressure. In one shaft near Balachani, Abich found a 
brownish layer resembling sandstone, covered with alluvial argillaceous sands, con- 
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taining numerous concretions in its lower part, and gradually passing into true 
sandstone. An analysis of the mass by 0. Schmidt gave : 

X C) Xaa ]!sa=SO* CaSO* MgSO* CaCO^ Y (=) Z (=») 

10-150 0-011 0-008 0-034 0*126 0'053 9*382 33*059 47*177 = 100 


(^) Volatile matters, of whicli 1-690 per cent, consisted of -water and other matters given ofE at 
100°, 0-793 per cent, at 100°-110°, and 7-667 per cent, above 110°. (=) Silicates, and silica soluble in 
hydi-oflaonc acid. C*) Quartz-sand insoluble in bydrofinoric acid. 


The silicates included under Y consisted for the most part of : 

SiO^ Al=03 MgO CaO 3S^a=0 X“0 

29*40,5 1*799 0*529 0-005 0*345 0*223 0-429 0*324 = 33*059 

According to these results, the rock is a mixture of about 10*1 per cent, naphtha 
and paraffin, 0*3 sea-salts, 0*4 fragments of shells, 10*4 felspar with a little mica, and 
63*8 quartz-sand. ^ 

_ OJWfflXHIWE, (Jaffe, Ber, x. 1925). A base obtained by prolonged 

boiling of ornithuric acid (infra) with hydrochloric acid: 

-f 22^0 = 20'm0" + 

Ornithuric acid. Benzoic acid. Ornithine. 


It has not yet been obtained quite pure, but it forms well-crystallised salts -with acids. 
Two hydrochlorides have been obtained, viz. 3C^H^“2202.2HC1 and UCI • 

also an oxalate probably having the composition Ornithine is 

regarded by Jaffe as diamidovaleric acid, )^.C0^H. 

Benzoyhomithine,^ C“H“(C’H^O)br-0-, is obtained by boiling ornithuric acid with 
hydrochloric acid until the whole is jnst dissolved. It crystallises in hard colourless 
needles ; melts at 225°-230° ; dissolves readily in -water, but is insoluble in alcohol 
and in ether ; unites with acids, forming easily soluble salts. By prolonged boiling 
with hydrochloric acid it is resolved into benzoic acid and ornithine. 

ORWITHTOIC ACID, (Jaffie, he. cit.) An acid formed by the 

decomposition of benzoic acid in the organism of birds. It is extracted from the 
excrements of birds whose food has been mixed with benzoic acid, by boilino- with 
alcohol, evaporating the filtrate, redissolving the residue in absolute alcohol, and 
again evaporating the filtered solution. The residue which then remains is mixed 
with a small quantity of water and shaken up -with ether, which dissolves fat, benzoic 
acid and ornithuric acid (because it is still impure) ; the ethereal solution is decanted 
and the residue is mixed with dilute sulphuric acid and again shaken up with ether^ 
The united ethereal solutions, left at rest in a cool place, deposit ornithiu*ic acid only 
slightly coloured. The greasy mass left undissolved by the ether is set aside to 
crystallise ; the solidified crystalline mass is left to drain on a filter, then washed on 
the filter with water, and dissolved in hot water and ammonia ; the solution boiled 
with milk of lime and filtered ; the strongly coloured filtrate cautiously decolorised 
by smaU quantities of potassium permanganate; and the clear nearly colourless 
filtrate is mixed with hydrochloric acid, whereupon it deposits ornithuric acid Bor 
further purification, the united products are repeatedly crystallised from alcohol 

Ornithuric acid crystallises in small colourless anhydrous needles ; melts at 182° • 
is nearly insoluble in ether, sparingly soluble in water, more freely in ethyl acetate’ 
most easily in hot alcohol. When somewhat strongly heated, it gives oflC an odour of 
bitter almonds and yields a woolly sublimate. It reddens litmus, forms soluble salts 
with the alkalis and alkaline earths, insoluble salts with the oxides of the heavy 
metals. Its decomposition by hot hydrochloric acid has been already mentioned ^ 

^ In constitution ormthuric acid is analogous to hippuric acid, being fomed by the 
union of 2 mol. benzoic acid and 1 mol. ornithine, with elimination of ^2 mol. water. 

OROS£XiC:N‘B, See Pbxjcedanin-. 


ORTHITB. This _ mineral has been found, together with albite, in a trachyte- 
enclosure of the trachytie conglomerate of the Langen berg, near Heisterbach, in the 
Siebengebirge. This is the third instance of the occuri'ence of orthite—formerly 
known only as belonging to the palseocrystalline rocks (iv. 237) -in volcanic rocks^ 
the other two volcanic localities in which it has been found being Laaeh in the E^el 
and Yesuyius (G-, vom Eath, Poyy. Ann. Juhelh. 1874, 547). 

analyses of orthite from various localities, Engstrom (Ber x 
1727) deduces the formula 2(2EO.SiO-) -f 3E03.4Si0- with 1 or with Ihso 
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On the microscopic characters of orthite, allanite, and gadolinite, see Sjogven 
{Jahrb.f. Min. 1877, 730 ; Chem. Boo. J. xsxiv. 387). 

ORTHOCXiASlS. Well-defined orthoclase crystals from a granite cleft at 
Schiltach in Baden, are described by Kloeke {JaJirh.f. Min. 1874, 868). They 
belong partly to the ordinary type co P . co ^ co . OP . Poo , partly to the rarer type, 
cop . QcPco .OP.Pco. Some of the crystals exhibit also the ■well-kno'wn occurrence 
of implanted crystals of albite. Westphal {ibid. 33) found orthoclase crystals 
resembling sanidin in a rein of porphyry near Weistropp between Dresden and 
Meissen. 0. Doelter {Min. Mitih, 1875, 180) describes orthoclase in simple crystals 
and in Carlsbad twins, from the quartz-porphyry of the Tal di Madonna, a side valley of 
the Val Ploriana on the north-west declivity of the Zocchialti mountain. South Tyrol. 
A fine pseudomorphous penetration-twin crystal of tin-stone after orthoclase, from 
Eedruth, Cornwall, has been examined by H. Laspeyres (Jahrh. f. Min. 1877, 529) 
who finds the twin law to he one entirely new to orthoclase, viz. : ‘ the twin-plane a 
face of CO P.’ The two halves of this penetration-twin are extremely well developed 
contact-twins a'lcording to the Carlsbad law, viz. : ‘ the two individuals of each 
Carlshad-twin being a right and left crystal.’ 

The following are recent analyses of orthoclase: 1. From Greenland granite 
(Kottal, Wie7i. Akad. Ber. [1], Ixix. 94). 2 — 4. From the granitic gneiss of New York. 
2. Colourless, translucent, distinctly cl eavable; 3. Flesh-coloured, indistinctly cleavable, 
enclosing numerous crystals of mica ; 4. Of medium purity and colour (P. Schweitzer, 
Amer. Che^n. iv. 444) : 


SiO* 


Fe=0^ 

K=0 

Na“0 

H=0 


Sp. gr. 

65-00 

17*85 

0-28 

15-75 

0-83 

— = 

99-71 

2-57 

64-99 

18-o5 

0-64 

12-24 

3-48 

0*13 = 

100-03 

2*559 

65-47 

18*22 

0-67 

13-71 

2-21 

0-19 == 

100-47 

2-562 

65*50 

17-94 

0-87 

13-11 

2-40 

0-23 = 

100-05 

2-558 


A sodium felspar with orthoclastic cleavage, allied, therefore, to loxoclase, occurs 
in the slags and tufas of the island of Eachgoun, Algeria. See Loxoclase (p. 1242). 
For other analyses of orthoclase, see Felspae (p. 773). 

OBTHO-BZSUXVilTXVSS, AROMATIC. Ortho-acetohromanilide and 
~chlora7iilide. See Acetamides (pp. 4, 5). 

Ortho-aldehydo-salicylio Acid. See Bexzoic Acids (Oxy-), (p. 288). 

Ortho-aldehy do-v a^iillic Acid. See Benzoic Acids (Dioxt-), (p. 292). 

Oriho-amidodihromohe^iociiesidyoiionic Acid., C ®.SO ^H.NH-.Br .H .Br. H . 
On the reaction of this acid with bromine, see Benzenesuxphonic Acids (p. 231). 

0 Ttho-^ami do di'phe^iy 1. See Phenyl (Di-) . 

Ortho-amidoyhenolsiilyhooiic Acid. See Phenolsulphonic Acids. 

Ortho-amidosalicylic Acid. See Benzoic Acids (Oxy-), (p, 283). 

Ortho-henzenedisitl'phonic Acid, or Bencene-ortkodisidyko^iic Acid, 
C®.SO‘’*H.SO^H.H*. This acid is formed by boiling metadiazobenzenesulphonic acid 
with alcohol. Its chloride, C'^H‘'(SO-CF-, cryshillises in large colourless four-sided 
plates, melting at 105° ; the amide, C®H'’(SO-NH”)“, in small needles, separate or 
grouped in nodules, and melting at 233°. The following is a comparison of the 
melting points of the chlorides and amides of the three benzeuedisulphonic acids 
(compare p. 257) : 



Ortho 

Meta 

Para 

Chloride 

. 105° 

63° 

132° 

Amide 

. 233 

229 

288 


(Drehes, Ber. ix. 553 ; compare table, p. 257). 

Ortho-cresol. See Phenols. 

Orthodiazohenzoio Nitrate. See Benzoic Acids (Diazo-), (p. 274). 

OrthonitranilinesulphoQiic Acid, G®]B[®(NO“)(NH“)tSO®H), is formed by 
heating orthonitrobenzanilide (m. p. 94*^) with pyrosulphuric acid on the water-bath 
for several hours. The free acid and its barium salt, [0®H®(N0“)(NH“)S0®]-Ba + H-0, 
crystallise in thick yellow needles (Behrens a. Post, Mer. viii. 1558). 

Ortlionitrohenzonitril, C®H‘‘NO'.CN. [NO- r CN=1 : 2.), is obtained by beat- 
ing orthonitrobenzamide (m. p. 174*^) with phosphoric anhydride to 180°. It crystal- 
lises in needles easily soluble in water and alcohol, and melting at 1 09° (Riihner a. 
Bajthlein, Ber. x. 1713). 
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On 3Ieta~ and P^ranitrobenzonitril, see p. 307. 

OrthonitTohenzyl Chloride^ C®H^(NO-).CH“Gl. is formed bj’ the action of 
chlorine at loO'^-SOO®, on orthonitrotoluene, as a viscid oil, having a pleasant aromatic 
odour, producing a burning sensation on sensitive parts of the skin, and solidifying 
after some time to a network of slender needles. It reacts with silver acetate, forming 
orthonitrobenzyl acetate, C®H’(NO-).CH“(0C“H®0). 

Orthonitrohenzyl Bromide is very much like the chloride, may be prepared in a 
similar manner, and produces an analogous reaction with silver acetate. 

Pflrn-nitrotoluene appears to react with halogens in the same manner as the ortho- 
compound (Wachendorif, Ber. viii. 1101). 

Orthonitrochlorohenzene, C^.NO'.Cl.H^ is formed by the action of nitrous 
acid on paranitro-metachloraniline, C®.lI:sO-,Cl.H,NH-.H-. It is solid at ordinary 
temperatures, melts at 32*5°, and boils at 243°. lungfleisch’s )S-nitrochlorobenzene, 
described as liquid at ordinary temperatures (vii. 144), was probably impure (Beilstein 
a, Kurbatow, Ber. ix. 633). 

Orthonitro-metadichlorohenzene^ (1:2; 4), or 0®.N0-.C1.H.C1.H- (p. 186), 
yields by reduction with tin and hydrochloric acid, a chlorophenylenediamine 
from which the chlorine cannot be removed by sodium-amalgam (Beilstein a. Kurbatow, 
Ber. ix. 633). See, on the contrary, Korner (p. 186 of this volume). The same 
nitrodichlorobenzene heated with alcoholic potash yields a compound melting at 
62°-63°, probably C®H2Cl(KO^)(OC2H^) (B. and K.) Bitro-orthodichlorobenzene, 
0®.N0-.H.CLCLH2 (p. 187), melting at 43°, is converted by heating with ammonia 
into a chloronitraniline, C®H®Cl(NO-XNH-), which crystallises in light yellow needles 
melting at 104°~10o°, easily soluble in alcohol and carbon sulphide. Its acetyl- 
derivative crystallises in colourless needles melting at 189°, and is converted by nitrous 
ether into metachloronitrobenzene (B. and K.) 

Orthonitrometachlor aniline, C^.NO^NH^.H.Cl.H' (m. p. 124°-125°), is con- 
verted by heating with alcoholic soda into ethylic chloronitrophenate, 
C®fi®Cl(NO-).OC^H^ (Beilstein a. Kurbatow, Liebig’s Annalen, clxxxii. 110). 

Orthonitro-yaracresol. See Phenol, Homologtjes op. 

Ortho-ox yghenylur ethane. See Oxtphentltjeethane. 

OSMZVM. Atomic Weight 200 (Deville a. Bebray, Cowjgt. rend. Ixxxiii. 709), 
Crystallised osmium maybe obtained by passing vapour of osmium tetroxide 
carried forward by a stream of nitrogen through a red-hot porcelain tube lined with 
pure carbon * The osmium is thereby reduced, with formation of carbon dioxide, 
and the inner surface of the carbon cylinder soon becomes coated with metallic osmium, 
which prevents the carbon from acting directly on the osmium tetroxide. Part of the 
carbon, however, penetrates the layer of osmium and is oxidised to carbon monoxide, 
which meets the osmium tetroxide at a farther part of the tube and reduces it to 
metal. In this manner there is formed a tube of osmium very much like the tube of 
zinc oxide which is produced when zinc vapours issue and burn from a round opening. 
Frequently also this process is attended with the formation of copper-red crystalline 
scales, consisting of osmium sesquioxide, Os-0®. Amorphous pulverulent 
osmium is readily produced by passing the vapour of osmium tetroxide mixed with 
carbon monoxide containing carbon dioxide through an ignited porcelain tube. This 
amorphous metal may be converted into crystallised osmium by fusing it in a graphite 
crucible with three or four times its weight of pure tin, dissolving out the excess of 
tin with hydrochloric acid, and finally heating the residual crystals in a stream of 
hydrochloric acid gas. 

Pure osmium has a fine blue colour, with a grey to violet glitter ; crystallises in 
thin funnel-shaped groups composed of cubes or of rhombohedrons very near to cubes; 
it is harder than glass, w’hich it scratches, and has the highest sp. gr. of all known 
bodies, viz, 22’477 (uncor.) 

Oxysnlphides . — ^When an aqueous solution of osmium tetroxide is treated with 
hydrogen sulphide, a precipitate is formed which, when suspended in water, and sub- 
mitted to the further action of hydrogen sulphide, yields a loosely crystalline body, 
easily oxidised on exposure to the air, and having the composition 0s®S^0-\2H20. 
The oxidation of this body by air at 70°-80° yields an unstable, odourless, insoluble 
substance having the composition 0sS0*.3H20, and converted by further exposure to 
air into osmium tetroxide. The replacement of an atom of oxygen in osmium tetroxide 
by sulphur is attended with a complete alteration in the properties of the compound, 
osmium tetroxide being a stable strong-smelling substance soluble in water, whereas 


* Snell a lining: may be formed by passing benzene-vapour through the red-hot tube. 
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the oxysulphide, OsSO^, is easily decomposible and peculiarly easy to reduce with 
hydrogen. Ammonia converts this osysnlphide, with separation of water and great rise 
of temperature, into a brown product, which contains osmium and nitrogen, in the 
atomic ratio 1 : 1, and gives off ammonia only after prolonged boiling with caustic soda 
(E. V. Meyer, J. pr. Cliem. [2], xvi. 77). 

On the separation of Osmium from Matiniim^ see Platinuw. 

OSSSXXr. See Pboteids (Appendix to). 

OST£OXiIT£. According to Petersen {JaJirh. f. Min. 1873, 386), osteoiite 
from the Bossberg, near Darmstadt, contains 34*7 per cent, phosphoric acid. 

OSTRlTTHlIf. A neutral body obtained by Gorup-Besanez (Scr. vii. 564) from 
the root of Master-wort (Imperatoria Ostruthium) in treating that root with hot alcohol, 
with the view of obtaining peucedanin (iv. 386). The chopped roots were exhausted 
with hot alcohol ; the filtrate freed from alcohol by distillation ; the sticky residue 
exhausted with ether, with addition of a little petroleum-spirit (ligrom) ; and the 
ethereal solution ^ixed with a quantity of ligro'in sufficient to produce a strong 
turbidity, and filtered after a resinous mass had separated from it. The filtrate freed 
from ether by evaporation yielded ostruthin in yellow rhombic crystals ; and on leaving 
these to drain, dissolving them in potash, precipitating with carbonic acid, redissolving 
in alcohol, and precipitating with water, the ostruthin was obtained in slender, colour- 
less silky needles whose composition is represented by the empirical formula 

Ostruthin prepared as above is accompanied by a small quantity of another body 
bontaining less carbon and more hydrogen. 

The following table exhibits a comparative view of the characters of imperatorin, 
peucedanin, and ostruthin : 


Imperatorin of Osann aud 
Wackenroder 

Peucedanin of Schlatter, Bothe, 
and Erdmann 

Ostruthin 

Thick, well-formed, hard 
rhombic prisms or silky 
scales. 

White, light prisms united 
into clusters. 

Fine, white, silky needles. 

Burning taste. 

Burning acrid taste. 

Tasteless. 

Melts at 75°. 

Melts at 60°. 

Melts at 115°. 

Hardly soluble in cold 
spirits of wine. 

Hardly soluble in cold 
spirit. The solutions 
yellow. 

Easily soluble in cold spirit. 
The solutions fluorescent 
and colourless. 

Soluble in ether. 

Soluble in ether and pe- 
troleum spirit. 

Soluble in ether ; slightly 
soluble in petroleum 
spirit. 

Insoluble in ammonia ; 
slightly soluble in weak 
potash. 

Soluble in hot ammonia 
and weak potash. 

Soluble in cold ammonia 
and diluted potash. 


From this comparison, Gorup -Besanez concludes that imperatorin and peucedanin 
are not identical, but distinct constituents of the root, produced at different stages of 
development of the plant. E. Wagner, on the other hand {Bcr. vii. 590), regards 
them as identical. 

Ostruthin Hydrochloride, C^‘‘H^^O“.HCl, and the Jiydrohromide, O^'^H^^O-.HBr, are 
produced by passing gaseous hydrogen chloride and bromide into an alcoholic solution 
of ostruthin. The hydriodide has not been obtained. 

Ostruthin fused with potash yields resorcinol, acetic acid, and butyric acid. Heated 
with strong nitric add, it is violently attacked, with formation of oxalic acid ; by pro- 
longed boiling with diUtte nitric add, on the other hand, it yields styphnic acid. 

With bromine, ostruthin yields substitution-products, viz. C^^E^‘*Br^O- and 
C^'^H^^Br'^O^ . .^ith chlorine, mixtures for which no definite formulse can be escablished. 
Heated with acetyl chloride it yields acetylostruthin in nacreous laminae (Gorup- 
Besanez, Liebig's Annalen, clxxxiii. 321). 




1450 
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OXAXASr. Syn. with OsALXTBiJvriDE. 

OXa.XC&SSABIATE, ETHYEIO, 0'H''N05 = NH<Qq'_qq ocaH^' This 

compound is formed by treating oxalic ethoohloride with urethane in a flask with 
Upright condenser, heated on an oil bath : 


CO. Cl 
OO.OC^ff 


+ = HCl + liH< 


CO.OC=ff 

OO.GO.OC=fl=^- 


It crystallises from ether in tufts of yitreous brittle needles, dissolves in ■water, 
alcohol, and ether, hut crystallises well only from the last. Melts at 45° (F. Salomon, 
tT. y?r. Chem. [2], ix. 290). 

By heating oxamethane, , with oxalic ethoohloride, Salomon a. 

Peitzsch obtained the compound NS<^Q 2 Q 2 * 0 Qa 2^5 which they regard as isomeric 

OO O0“TT^ 

with ethyiic mesoxalcarbamate, NB[<^q 3 Q 3 OC^H®' crystallisop from ether in 

radiate tufts of slender needles melts at 67°, and decomposes with great facility. 
With alcoholic ammonia it 3 nelds oxamide ; potassium ethylate added to its alcoholic 
solution immediately throws down potassium ethoxalate ; shyer oxide added to its 
aqueous solution throws down silver ethoxalate. 

OXAXiBTHTXiXM'ES. Wallach, by acting on diethyloxamide with phosphorus 
pentachloride, obtained a base, C^H^CIN-, which he called chloroxalethyline 
(p. 453) ; and from this a number of other bases have been obtained by Wallach a. 
Oppenheim {Ber. x. 1193). 

Dioxalethyline, produced by the action of sodium on chloroxal- 

ethyline dissolved in petroleum-ether, boils above 300°, and forms an amorphous very 
sparingly soluble platinochloride, 0‘-H^®0h2HCLPtClh 

When chloroxalethyline dissolved in carbon disulphide is treated with bromine, t'wo 
compoiujds are formed, cblorbromoxalethyli ne dibromide, C‘'H*^ClBrN^.Br“, 
and a compound of this with kydrohromic acid, C'^H^OlBrN-.Br-.BrH, which latter is 
also produced by the action of hydrobromie acid on the former dissolved in chloroform. 
The tetrahromine-CQinpoimd is the less soluble of the two in chloroform. The tri bro- 
mine-compound dissolves easily in chloroform, and separates in large red crystals melt- 
'ng at 133°. From measurements by Bodewig, these crystals appear to be monoclinic ; 
a : b ] 0 — 2’0645 ; 1 : 1*796 ; angle $ = 74° 27'. Observed forms oo P, OP, — P oo, 
also coP CO and ± P. Angle os P : oo P = 126° 37' ; oo P : OP = 96° 55' ; — P co : co P = 
1 . 10 ° 3', Both these bromine-compounds dissolve readily in carbon sulphide and in 
alcohol, their dissolution in the latter and in water being attended with separation of 
bromine. Alkaline solutions dissolve them slowly. 

BTomclilon>a;alethyline Hydrohromide, C®H®ClBrN-.HBr, is formed by boiling either 
of the bromine-compounds just described with water. The base separated therefrom 
is a thick, gradually solidifying oil. Its hydrochloride crystallises in hydrated prisms ; 
the nitrate in curve-faced needles ; the platinochloride, (C®H®ClBrN“.HCl)^PtCF, in 
laminse. The argentonitrate, (C®H®ClBrN'“)2NO^Ag, dissolves easily in alcohol, 
sparingly in water, and crystallises from dilute alcohol in well-defined limpid prisms 
having a vitreous lustre. With other metallic salts this base forms precipitates 
similar to those obtained with chloroxalethyline. Bromchloroxalethyline is but slowly 
attacked by potash either in aqueous or alcoholic solution, but is completely decom- 
posed by distillation ; its bydrobromide is converted by hydrobromie acid into the 
tetrabromine-compound, C^H^ClBrN-.Br^.BrH. 

The formation of the two bromine-compounds above described is often attended 
with that of a third, probably C^H^ClN^.Br'^ 

Iodine acts on chloroxalethyline in the same manner as bromine. 

Chlofoxet byline, the yield of which is usually 75 per cent, of the theoretical 
amount, is difficult to separate from diethyloxamide, and when contaminated therewith 
solidifies with comparative facility and completeness, whereas the perfectly pure base 
solidifies but very slowly, and only at very low temperatures. 

OKAXiXC ACIB, C'II“0‘^ = GOOH.COOH. On the occurrence of this acid in 
Fungi, see p. 832. 

Oxalic acid is produced, together with oxamic, carbamie, and carbonic 
acids, by oxidising ammonium glycinate, C-B[‘^(NH-‘)KO-, with permanganate (Drech- 
sel, j.pr. Chem. [ 2 ], xii. 417). 

Brepamtion. — Experiments on the preparation of oxalic acid from sawdust and 
other vegetable matters have been made by W. Thorn {Bingl. pol. J. ccx. 24). “A 
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weighed amoimt of sawdust was^added to au alkaline solution of 30°-42° Bm., which 
was kept boiling in an iron dishT strong solutions are to be preferred for this opera- 
tion, as they prevent spirting of the melt. The results showed in the first place that 
the largest yield of oxalic acid is obtained by the use of pure potassium hydrate ; a 
mixture of the hydrates of potassium and sodium yielded a smaller amount, and sodium 
hydrate alone a still smaller quantity. The highest yield obtained 'vith soda alone 
was 62*14 per cent, of the sawdust used, 25 grams of sawdust being heated to 240^^ 0 
with 100 grams ISTaHO in a thin layer. With a mixture of the two alkalis the yield 
was greater the larger the proportion of potash used, and with potash alone the yield 
was 65 per cent, of the wood employed. When however the wood was allowed to 
come more directly in contact with the air by being heated in a thin layer, dhBTerent 
results were obtained. When 50 grams of wood were heated for 1-H hours with 
100 grams of the alkaline hydrate of 40^ Baume in a layer 1 centimeter thick to 240°- 
250'', pure sodium hydrate gave 38*14 per cent, of oxalic acid; 40 grams of potassium 
hydrate to 60 of sodium hydrate gave 80*57 per cent, and this did not differ materially 
from that obtained with pure potassium hydrate (81*23). "When heated air was 
passed over the siX’face of the sawdust and alkali, the results obtained were not higher 
than the former. The addition of manganese dioxide had no influence on the reaction, 
the temperature being much too low to effect its decomposition. 

Different sorts of wood yielded different amounts of oxalic acid. 


Kne 

Per cent, of 
hygroscopic water 
. 16*0 

Per cent, 
oxalic acid 

80*5 

Per cent, oxalic acid 
calculated to wood 
dried at 100® 

94*7 

Poplar 

. 14*0 

80*1 

93*14 

Box. 

. 8*6 

79*00 

86*43 

Oak 

. . . 6*5 

78*12 

83*42 


In the foregoing experiments 50 grams of wood were heated with 100 grams 
of alkali. When equal quantities of wood and alkali were employed, the yield of 
oxalic acid was larger in proportion to the quantity of alkali employed, and smaller in 
proportion to the wood. Thus, when heated in a thin layer, 50 grams of wood yielded 
oxalic acid equivalent to STO per cent, of the wood employed, and to 40*0 per cent, of 
the alkali, and 100 grams of wood gave a quantity of oxalic acid equivalent to 54*14 
per cent, of the wood and to 54*14 per cent, of the alkali. 

To separate the oxalic acid from the melt, the latter is boiled with water, the 
solution concentrated to 38° Bm. (sp. gr. 1*35) and left to cool, whereupon nearly the 
whole of the oxalic acid separates in granules of sodium oxalate. This salt after 
washing is boiled with milk of lime ; the resulting calcium salt is decomposed by 
sulphuric acid; and the liquid concentrated to 15 Bm. (sp. gr. 1*16), whereupon the 
dissolved gypsum crystallises out, and the solution freed therefrom and evaporated 
down to 30° Bm. (sp. gr. 1*261), yields crystals of oxalic acid. 

The alkali contained in the several mother-liquors of this process may be recovered 
by concentration to sp. gr. 1*380, addition of sawdust till it assumes a pasty consist- 
ence, evaporation to dryness, and ignition. The mass is then treated with water or 
with the dilute alkaline liquor obtained after addition of milk of lime to the sodium 
oxalate, made caustic with lime, and after concentration till its specific gravity is 
1*407, again heated with sawdust as at first. 

0. 0. Cech {BivgL ^ol. J. ccxxiv. 70) recommends as a substitute for sawdust*, in 
the preparation of oxalic acid, the clippings of parchment paper, which can be obtained 
at a very cheap rate. 

Purification . — To obtain pure oxalic acid for titration, E. Beicbardt {Arch. Pharm. 
[3], ii. 235) stirs a hot saturated solution of the commercial acid till it is cold, and 
dries the fine-grained crystalline powder thus obtained between filter paper. Similar 
methods are recommended by L. Siebold J, Trans. [3], vi. 441), and F. Stolba 

{Zeitschr. anal. Chem. 1874, 50). 

Estimation.- -For the titration of oxalic acid and its salts, Jean a. Pellet [Bull. 
Soo. Chim^ [2], xxvii. 204) recommend the use of baryta-water. The free acid is first 
exactly neutralised with soda, the solution then mixed with excess of baryta-water, 
and the uneombined baryta titrated back with sulphuric acid. 

Beactmis. — 1. With Chlorates, Br ornate s, and lodates. A boiling super- 
saturated aqueous solution of oxalic acid decomposes solutions of chlorates, bromates, 
and iodates, with evolution of chlorine, bromine, and iodine respectively. In the case 
of potassium chlorate, a large quantity of chlorine is evolved, but still a considerable 
quantity of the chlorate is reduced to chloride. With potassium hr ornate a similar 
reaction takes place, but the proportion of the bromine evolved to the bromide formed 
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is greater than that of chlorine to chloride in the case of the chlorate. lodates evolve 
all their iodine in the &ee state, no traces of iodides being formed. 

In the case of mixtures of these bodies, the chlorates are first decomposed, then 
the bromates, and finally the iodates, that which is attacked first being completely 
decomposed before the others are acted on. The steam accompanying the gas evolved 
expels all traces of it before vapours of the second halogen make their appearance. 
This can be distinctly seen, as there is a certain interval between the two reactions, it 
being necessary in some cases to add more oxalic acid to start it again. 

These reactions afiford a means of testing chlorine and iodine in commercial 
bromine, also the purity of bromides and bromates. The bromine is dissolved in a 
slight excess of concentrated potash, and treated with oxalic acid. Bromides ai'e 
oxidised to bromates by means of chlorine, and then treated with oxalic acid, and 
bromates are treated directly with oxalic acid (A. Gruyard, Bull. Soc. Ckim. [2], 
xxxi. 299). 

2. With Potassium Permanganate. On the effect of temperature on the rate 
of action between this salt and oxalic acid, see Chemical Action (p. 426). 

3. With Sodium Silicate. When a solution of oxalic acffi, 75 grams to the 
litre, is introdnced into a vessel containing 500 e.e. of a solution of sodium silicate, the 
liquids do not mix, but a crust is formed at their surface of contact, consisting of 
amorphous hydrated silica. This crust sets quite hard, and decrepitates when heated, 
giving a fine white sand hard enough to polish glass (Monier, Comjpt. rend. 
Ixxxv. 1058). 

4. With Monatomic Alcohols. When a primary monatomic alcohol is treated 
with dehydrated oxalic acid, a large quantity of the corresponding oxalic ether is 
formed, whereas in the case of secondary alcohols, only a small quantity of an oxalic 
ether is obtained ; thus 3 mols. methyl alcohol and 1 mol. oxalic acid heated together 
at 50° for several hours and then distilled, yielded carbon monoxide and dioxide, un- 
changed methyl alcohol, methyl oxalate about equal in weight to the oxalic acid 
employed, and a smaU quantity of methyl formate ; ethyl, normal yroyyl, isohutyl, iso- 
‘peyityl (amyl), and allyl alcohols yield mixtures of normal and acid oxalic ethers. On 
subjecting the product to distillation, the normal ether goes over undecomposed, while 
the acid ether is resolved into carbon dioxide (with a little monoxide) and the corre- 
sponding formic ether, the quantity of the latter increasing with the proportion of 
oxalic acid, and in the case of ethyl alcohol, attaining the proportion of 0’28 formic to 
1 pt. oxalic ether. Benzyl alcohol yielded only normal benzyl oxalate. Bsevdo^ro^yl 
alcohol reacts in general like the normal alcohol, but is less easily etberified. 

Brimary octyl alcoholiiom the essential oil of Heraclmm sphondylhm, on treatment 
with dehydrated oxalic acid yielded oetylene (h.-p. 120°--125'°), and octyl formate 
(b.-p. 195"-197°), these substances being formed by the decomposition of the octyl 
oxalate — 

(C8hi7)2C20^ = + C02. 

Secondary octyl alcohol (methyl-hexyl carbinol) under similar conditions gave 
carbon monoxide and dioxide, formic acid, and a small quantity of octyl formate. 
Trimethyl carbinol and dimethyl-ethyl carbinol are split up by the action of oxalic acid 
into water and hydrocarbons, viz., butylene and amylene respectively (Cahours a. 
Bemarcjay, Co7npt. rend. Ixxxiii. 668 ; Ixxxvi. 991). 

5. With Polyatomic Alcohols (Lorin, 1873, Chim. JPhys. xxix. 367; 

XXX. 447; Comyt. rend. Ixxvii. 129, 363; Ixxxiv. 1136). It has long been known 
that oxalic a«id when heated with glycerol (glycerin) and water is resolved into 
carbon dioxide and formic acid, (C2H20^ = CO'^+ the glycerol being com- 
monly supposed to take no part in the reaction, but merely to prevent the temperature 
from rising so high as to give rise to the resolution of the formic acid into 00 and 
H^O. It is remarkable, however, that the greater portion of the formic acid does not 
at pnce distil over, but remains in the retort together with the glycerol, and can he 
separated therefrom only by distillation with a considerable quantity of water (ii. 
686). According to Borin, the decomposition of oxalic acid under these circumstances 
into 00^ and CHW is preceded by the formation of a glyceryl oxalate or 
oxalin, C^H®0^=P®H®(0H)(0.C0)% which when heated with water is resolved into 
glycerol, formic acid, and carbon dioxide ; * 

+ 2H20 = + CH^O^ -i- 00^, 

and in fact when a mixture of glycerol and oxalic acid is heated for some time at 66° 


* men the mixture of gtycerol and oxalic acid is heated without addition of water the nro- 
ducta are allyl alcohol, water, and carbon dioxide, C®H;®0=*+C''H=0'‘=rC®H®0+2C0’*+2H=0 CToUpttr a 
Henniger , vi. 90) . ' 



OXALATES. 


1453 


a product is obtained from which ether extracts a white silky body of unctuous 
aspect, easily altered by moisture, fusing readily in the dry state, and resolidifying at 
53°. At a higher temperature it is said to be resoiyed into carbon monoxide and 
glycerol, and by distillation in a vacuum partly into aqueous formic acid and a gas. 
The aqueous solution of this body, which Lorin regards as a mixture, gave with 
ammonia a large quantity of oxamide, which compound was likewise obtained when 
mixtures of glycerol and oxalic acid in various proportions were heated at various 
temperatures, or left to themselves for some time ; in the latter case the reaction 
takes place with peculiar facility when the anhydrous compounds are employed, and 
then treated with ammonia. 

In the same manner are formed the oxalins of ethylene and octylene glycoh 
mannitol, dulcitol, erythritol, and quercitol, the temperature at which the decomposition 
of the oxalic acid begins being lower for the glycols, and higher for erythritol, &c., 
than for glycerol, with which it begins at 75°, and is in fuJI activity at 9U° ; it is 
higher also for dulcitol than for mannitol. No action upon oxalic acid is exerted by 
cane-sugar, grape-sugar, milk-sugar, or orcinol ; hydrate of turpentine-oil heated with 
oxalic acid is res<ftved into turpentine-oil and water. Monatomic alcohols heated 
with oxalic acid exhibit only a faint turbidity. Lorin regards the reaction with 
oxalic acid above described as characteristic of polyatomic alcohols. 

Metallic Oxalates. On the Heat of Formation and Solution of Oxalates, see 
Heat, pp. 954, 957, 958, 982. 

On the Action of Alkaline Oxalates on Earthy Carbonates, and of Alkaline Car- 
bonates on Earthy Oxalates, see Carbonates (p. 410). 

Electrolysis . — xlccording to Bunge {Ber. ix. 78), aqueous sohitions of oxalates yield 
by electrolysis hydrogen at the negative pole, and at the positive, either carbon dioxide 
alone or a mixture of that gas with oxygen. The proportion of these two gases in the 
mixture varies according to the conditions of the experiment, the relative quantity of 
oxygen being increased by strengthening the current, enlarging the surface of the 
anode, using stronger solutions, and lowering the temperature. 

Ammonium Oxalate, C-(NH‘*)-Ob — This salt has been found, to the amount of 
5*54 percent., in G-uanapi guano, in combination with 2 mols. water, the ordinary salt 
containing 1 mol. (J. A. Tanner, Cheni. News, xxxii. 162). 

Calcium Oxalatemoy be obtained in crystals of the various forms occurring in 
plants, and others besides, by causing solutions of potassium oxalate and calcium 
chloride, or of oxalic acid and calcium sulphate, to mix slowly in a liquid medium by 
means of sti’ips of filter-paper or dialysing diaphragms, the particular forms obtained 
varying accoi’ding to the nature of the reaction and the constitution of the medium. 
Thus in a medium containing glucose or dextrin, needles are formed exactly like the 
‘ raphides ’ occuiTing in plants ; in a medium containing a small quantity of albumin, 
crystals of hour-glass shape are produced, like those which sometimes occur in urine 
(Vesque, Compt. rend, l^viii. 149). Similar results w'ere previously obtained by 
Monier (vi. 887), 

Potassio-calcio-chromic Oxalate, KCaCr(C"0^)^ is formed by mixing warm 
dilute solutions of blue potassio- chromic oxalate and calcium chloride: 
K®Cr(C“0'‘)^ + CaCP = 2KC1 + KCaCr(C-0 ‘)^ ; or by boiling a solution of red potassio- 
chromic oxalate with recently precipitated calcium oxalate: KCr(C-0'^)2 -f- CaC20‘* = 
KCaCr(C^O‘‘)3. The former method is to be preferred. 

This salt loses 1 mol. of water in a dry atmosphere, changing from a greenish- 
black to a greenish- violet tint ; at 100° it is dehydrated and becomes violet. 1 pt. of 
it dissolves in about 22 of water at 16°, and in 5 pts. at 100°. The solution, of a 
greenish-purple colour, becomes more decidedly green when boiled, and resumes its 
original colour on cooling. The salt is exceedingly stable, and crystallises with the 
greatest ease from hot or cold, acid or neutral solutions, and can be precipitated in the 
crystalline state. It is almost insoluble in strong hydrochloric acid. The crystals, 
when slowly deposited, are formed in clusters, the individual crystals being never 
more than of an inch in thickness and an inch long. They have a greenish-black 
lustre, and apparently consist of prisms with a rectangular base ; they reflect white 
light. From hot solutions much smaller crystals are deposited, which, as well as their 
powder, are olive-green in daylight, and beetroot-red by gaslight. IVIinute crystals, 
examined in daylight by the microscope, are of a pale green tint; fragments of large 
crystals coarsely powdered appear of almost all tints, rich-green and blue prevailing. 
Larger crystals, deposited by spontaneous evaporation of a cold solution, appear of 
two colours, chiefly a beautiful blue and rich green, with sometimes a tinge of 
deep red. 
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A crystal mounted in such a manner that it could be rotated on its principal 
crystalline axis while under microscopic examination, showed in each revolution two 
phases of blue, two of green, and two of opacity with a tinge of red. When a crystal 
so small as to be quite transparent in any position was examined in this manner, pure 
red light was transmitted through its edges. These effects show that the play of 
colour is due to pleochroism, or the property which, by virtue of double ^ refraction, 
some minerals possess of transmitting light of different tints through their different 
crystalline axes. The two axes of thin crystals give spectra which do not differ from 
each other materially, or from the solution of this salt in particular, or from 
chromium salts generally. 

By examination with a Nicol’s prism, and with similar crystals used as analysers, 
it was found that this salt is a powerful polariser. There is a marked difference when 
the blue and the green rays are examined with a Nieol’s prism, the former being much 
more completely polarised than the latter, so that in rotating the Nicol there is an 
alternation of brilliant blue and perfect darkness, or, if the crystal be thin, of blue and 
reddish-green. If, however, a crystal transmitting green rays of equal brilliancy be 
examined, the light is not cut off, but only obscured. In like maniisr, if both analyser 
and polariser consist of these crystals, the effect when they are in a position at right 
angles to each other is the same as that produced by a Nicol’s prism, viz., only green 
rays are transmitted. The green ray is more strongly refracted, and at the same time 
more absorbed than the blue, in accordance with Babinet’s law {^ogg. Ann. xli. 116). 
This was made evident from the apparent change of colour when white light was 
admitted to them at different angles. These observations account for the facts 
abeady noticed— namely, that minute crystals appear green even under the microscope, 
and also that the powder is green. 

Taking a number of crystals, or fragments of crystals, lying in all directions over 
each other, it is easy to see that no blue rays can be transmitted ; for whore two 
crystals cross, the light transmitted is green. The green rays being more absorbed 
(that is to say, travelling with less facility) than the blue, it is possible to have a blue 
crystal so thin as to transmit white light through one axis, while green rays would 
pass at right angles through the other ; under these circumstances the crystals would 
appear green. The red colour seen by gaslight is of course due to the suppression of 
the green and blue by the yellow illumination. This substance strikingly exemplifies 
the fact that pleochroism results from the polarisation of light traversing a doubly- 
refracting coloured medium. 

This chromium-compound is a remarkably delicate test for the purity of white 
light, showing a red tint by gas-light, red and blue by the lime-light, while by the 
light of magnesium wire or the sun it displays red, blue, and green. Altogether it is 
the most remarkable example of pleochroism at present known (W. N. Hartley, Ftog, 
Boy. 8oc. xxi. 499). 

From the microscopic examination of many similar compounds, it was found that 
the efficiency in displaying pleochroism is inversely as the molecular weight of the 
compounds, the property depending upon the amount of colour the chromium gives to 
the crystals. 

Monofichidium Bioscalate, HbHC-0'*.C^H-0*+ 2H-0, is prepared by digesting 
together 100 grams of rubidium-alum, 72-6 grams of crystallised oxalic acid, and 170 
c.c. water at the boiling heat, and separates out almost completely on cooling. By 
slow evaporation it is obtained in fine, transparent, many-faced prismatic crystals, 
apparently trielinic; and by cooling from a hot concentrated solution, in translucent 
laminar groups of crystals, becoming milk-white when dried at 100°, but not efflor- 
escing perceptibly in the air. The pulverised salt has a density of nearly 2T246 at 
18°. The salt dissolves very easily in boiling water, and in 47 pts. water at 21°, the 
latter solution having a density of 1*0111. By ignition it is converted into carbonate 
(Stolba, Munch. Ahad. Ber. 1877, 6 Heft). 

Yanadious Oxalate is obtained, according to Guyard {Bull. Soc. Chmi. [2], 
XXV. 350), by fusing a mixture of vanadium pentoxide and crystallised oxalic acid in 
the water of crystallisation of the latter. The blue mass thus obtained dissolves 
completely in water, forming a solution which on evaporation yields crystals of the 
oxalate. 

Oxalic Stbers. On the reaction of Ethyl and Methyl Oxalates with Haphthyl- 
amine, see Naphthyl amine. 

Methyl Oxalate, C‘(CH3)-0S is very easily prepared by dissolving oxalic acid 
dehydrated at 100° in boiling methyl alcohol, and leaving the solution to cool. The 
crystals are freed from adhering mother-liquor by draining on a vacuum-filter, and 
washed with cold water till the liquid which runs away no longer exhibits the iodoform 
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reaction. To obtain pnre methyl alcohol from this ether, it must be decomposed by 
prolonged boiUng with water and distilled (Erlenmeyer, X. Hejj. Pkarm. xxiii, 624). 

Ethyl Oxalate^ — With^o^asstoj this ether forms potas- 

sium methylosalate (Salomon, Eqt, viii. 1506); possibly thus ; 

+ CH^oK = co--’gh^go-k + 

On the reaction of Ethyl Oxalate with Cyanamicle, see p. 598. 

Propyl Oxalate, G\C®H^)^0-*, is obtained by distilling anhydrous propyl alcohol 
with dehydrated oxalic acid, either alone or mixed with one-third of its weight of 
sulphuric acid. The distillate, on addition of water, separates into two layers, the 
upper of which, when dried and rectified, yields propyl oxalate, having an aromatic 
odour, a density of 1-018 at 22°, and boiling between 209° and 211'". ^Ammonia 
easily converts it into crystalline propyl oxamate, G^HhO.CO.GO.NH-, which is 
decomposed by water with reproduction of propyl alcohol and oxalic acid : 

cm^o.o-o\xm + 2H20 = g^h^oh + g-h^o* + 


(Gahours, Comyt, fend. Ixxvii. 749). 

Butyl Oxalate, C2(G'^H*’)^OS obtained in like manner, is a very clear, colourlep 
liquid, having a strong aromatic odour, and a density of 1'002 at 14°. It mixes in 
all proportions with alcohol and ether, but is insoluble in w’ater. Gold water decom- 
poses it slowly ; boiling potash-ley more quickly, into oxalic acid and butyl alcohol. 
By treatment with an alcoholic solution of potassiuni hydroxide containing only a 
quantity of potassium sufficient to replace one of the butyl-molecules, it is converted 
into potas si um-butyl oxalate, C0-C'‘H3.G0'K With aqiuous ammonia it forms 
oxamide. By addition of alcoholic ammonia in small portions it is converted into 
butyl oxamate, NH-.GO.CO.OC‘‘H®, which separates fromits solution on spontaneous 
evaporation in beautiful prisms (Gahours, ibid. 1408). 

OXAljZS. Experiments have been made by Mercadante {Gaxz. chim. ital. 1875 
249) on the growth of wood-sorrel {Oxalic acetosella) and several species of Bmnex in 
sulphur, to which were added altogether 1 1 pts. per thousand of ferric oxide, and of 
the nitrates, phosphates, sulphates, and silicates of sodium, calcium, and magnesium, 
but no salts of potassium. Under these circumstances the^ plants dffi not fructify ; 
their juice contained only an eighth of the quantity of acid present in that of the 
normal plants ; tartaric acid was present as well as oxalic acid ; and the proportion 
of starch and of sugar was greatly diminished. 

GO.NH.GO.ITH2 

OXaiitTRAlVEXBS, = | . Oxalan. — This compound is 

GO.MH2 


formed by fusing oxamethane with urea : 


COOG‘-^H= 

I 

GO.NH2 


+ GO: 




o-h^oh; 


+ 


GO.NH.GO.NH2 

(io.NH* 


(Oarstanjen, J. pr. Chem. [2], ix. 143); also by heating ammonium parabanate, 
C®H(NBl*)N- 0^ (with which it is metamerie) with alcoholic ammonia (anhydrous 
alcohol saturated at ordinary temperatures with NH^) at 100° in a sealed tube for six 
or eight hours. 

G0,1S'(CH3).G0.NH(CH3) 

The amide of dimethyloxalurio acid, 1 , is formed in like 

GO.NH" 

manner by the action of an alcoholic solution of ammonia at ordinary temperatures 
on dimethylparabanic acid. It crystallises in needles melting at 223*6° (Menschutkin, 
Ber. vii. 128 ; Liebig's Annalen, clxxii. 73). 

OXAXitJRZC .aCIB, C^H-*iSr20^=NH”.GO.NH.OO.GOOH (Menschutkin, ibid, 
89). The potassium salt of this acid, G®H®KN-0^ is formed by the action of water 
on potassium parabanate, G^HKN-0®. According to Streeker {ibid, cxiii. 47), it is 
also produced by the action of potassium carbonate on alloxan in presence of hydro- 
cyanic acid; Menschutkin, however, obtained by this process another salt, the 
composition of which has not been determined. Potassium oxalurate is sparingly 
soluble in water and crystallises with great facility. Even small quantities of it yield 
fine well-developed crystals, containing 1 mol. water, which is given off at 100°, and 
slowly by efflorescence in contact with the air. According to measurements by 
Erofejeff, they belong to the orthorhombic system^ AxiaJ ratio, ^ a : b : c = 
1 : 0*6014965 : 0*5393226. Observed forms, P, coP, P co, coPa>, coPco. 

By the action of yhosyhorus oxychloride, oxaluric acid is converted into oxalyl- 
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carbamide or parabanic acid: C^H^N-0* — E[“0 = C®H“N^O® (Grimaux, Cornet, 
rend, Ixxvii. 1548). ^ 

Ethyl Oxalurate, NH*.C0.NH.C-0-.00®, wHcb L. Henry obtained by the 
action of ethoxyoxalyl chloride, C-H^O.C-O-.Cl, on urea (vii. 883) may also be prepared 
by heating silver oxalurate for half an hour in a reflux apparatus with a slight excess 
of ethyl bromide or iodide dissolved in absolute alcohol. It melts with decomposition 
at 177°-178° ; is converted by silver nitrate into diargentic parahanate, C^Ag^H^O-, 
and resolved by baryta- water into oxalic acid, urea, and alcohol ; by alcoholic ammonia, 
at 120°, into oxaluramide and alcohol ; by hot water and dilute acids into oxalic acid, 
urea oxalate, and other products (F. Salomon, Ber. ix. 374), 

OXiiXiYXi-Cja.RSAMXBS. Syn. with Paea.banic Acid v.) 
OXABTXi-BZPHZSlflririi-B'SrBRAZXBS:, (C®HMS12H‘^)2C202. See Htdeazinbs 
(p. 1053). 

OXAM£TBa.lfE, HH^CO.CO.OC^H®. Ethyl Oscamate, See Oxamic Ethers. 
OXAMXC ACZB, C'H^NO^^hTH-.CO.CO.OH. This acid formed by the 
direct oxidation of glycocine, OO.OH, with potassium permanganate. Oxalic 

and carbonic acids, which are formed at the same time, may be removed by calcium 
chloride, the oxamic acid then precipitated by solution of basic lead acetate, and the 
precipitate decomposed by hydrogen sulphide (B. Engel, Comyt. mid, Ixxix. 808). 


Oxamic Ethers. 

ZSthyl Oxamate or Oxamethane, C^H’HO^-NH^.OO.CO.OC^H®, is best pre- 
pared, according to Weddige {J.yr, Qhem. [2], x. 193), by adding very gradually to a 
solution of 1 mol. ethyl oxalate in two or three times its volume of alcohol, 1 mol. 
ammonia likewise dissolved in alcohol, the whole being carefully cooled by ice, <as rise 
of temperature would lead to the formation of considerable quantities of oxamide. 
The oxamethane separates, even while the process is going on, in thick crystals, which 
at the end of the reaction must be freed from small quantities of oxamide by recrys- 
tallisation from hot alcohol. The mother-liquor yields additional quantities on 
evaporation. 

On the formation of Oxaluramide by fusing Oxamethane with Urea, see p. 1455. 

By the action of yhosyhoriis yentachloride, oxamethane is converted into et hylic 
dichloramidacetate, HH-.CCP.COOC-H^ which crystallises in hard white needles; 
fumes in the neighbourhood of ammonia ; is reconverted by water into oxamethane ; 
gives ojT chlorine when kept for some time, and hydrogen chloride when fused, with 
simultaneous formation of ethylie cyanoearbonate. If the temperature rises somewhat 
too high duiuQg the preparation of the dichloramidacetate, a body is formed having 
the composition NHxxCCl — OOOC*H® (Wallach, Ber. viii. 299). 

In the distillation of oxamethane with phosphorus pentachioride, there are also 
formed, in consequence of the action of water, fine crystals melting at 128°- 130°, and 
having the composition C'*H®O^Cl‘‘]S[P. This compound dissolves slowly in cold water 
and in acids, easily in alkalis and ether. "When heated above its melting point, it is 
resolved into phosphorus oxychloride and ethyl-cyanocarbonic acid. Water decom- 
poses it, forming hydrochloric but no phosphoric acid, showing that it is not a com- 
pound of ethylcyanocarhonic acid with POOF, but that its constitution is probably 
O.CO.CCrbNH.POCP (Wallach). 

Oxamethane Cyaimrate^ (C*H"NO^)®C®H®N^O^, metameric and polymeric with ethyl 
oxalurate, is obtained by passing the vapour of cyanic acid into 5 grams of pure and 
dry oxamethane heated to 130° in an oil-bath, treating the product with 30-40 grams 
of boiling water, and filtering. The cyanurate then separates in needles, which may 
be purified from oxamethane, if still present, by recrystallisation. It crystallises in 
shining brittle needles nearly insoluble in cold water, soluble in about 30 pts. of boil- 
ing water ; melts to a pasty mass at 15o°-160° ; and is resolved at a higher tempera- 
ture into cyanic acid and a crystalline sublimate. On boiling it for a few minutes 
with milk of lime, and filtering, the filtrate deposits hard shining prisms of calcium 
oxamate. Ammonia added to its^aqueous solution precipitates crystals of oxamide, 
and baryta-water throws down barium cyanurate. These reactions demonstrate 
the composition of the compound (Grimaux, Bidl. Soo. Chim, [2], xxi. 153). 

Acetyl-oxamethane, NH(C-H^O).C”0“.GC“H*, formed by heating oxamethane with 
acetyl chloride, crystallises in radiate groups of needles, soluble in alcohol and ether, 
melting at 54°. The compound thus formed is probably identical with that which 
Ossikovsky obtained {Ber, v. 667) by the action of ethoxyoxalyl chloride on acetamide 
(Kretsehmar a. Salomon, J.yr. Chcm. [2], ix. 299). 
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Bensoylrozamethane, produced in a similar manner, is aJao a finely crystallised 
compound. 

Ethyloxamethanej RH(C^H^).C-0".0C“H®, formed by the action of ethyl osalate 
on ethyl amine, is an oily liquid boiling at 244°-246=’, miscible in all proportions with 
water, soluble in alcohol and in ether. It is completely decomposed by aqueous 
ammonia with formation of ethyl oxa mi de, It is saponified 

by boiling water, also by milk of lime, with great rise of temperature and formation 
of a crystalline ethyloxamate of calcium containing 2 mol. H“0, The acid 
obtained from this salt sublimes in woolly needles (Wallacb a. West, Ber. viii. 760). 

Ethyloxamethane is converted by PCl^ into ethyloxa/nethane’-mnidockloride, 
C-H^.5H.CC1- — COOC-H^, which by prolonged heating at 100° is resolved into HGl, 
C^H^Gl, CO“, and greasy substances, from which a very small quantity of a body 
melting at 200° may be sublimed (Wallacb a. West, Ber. viii. 760 ; ix. 262). 

Methyloxainethane^ NH(CH®).C^O^.OO^H®, obtained by passing methylamine into 
ethyl oxalate, solidifies at 0®, but at ordinary temperatures is an oil soluble in water 
(Wallacb a. West). ' 

Ethyl Thiofsamate, NH-.CS.CO.OC-H^ is formed by addition of hydrogen sul- 
phide to ethyl cyanocarbonate (vii. 415 ; viii. 617) : 

NO.CO.OG^H* + H-S = NH^GS.CO.OC^H^ 

When hydrogen sulphide is passed into this ether or its alcoholic solution, ethyl 
thioxamate soon separates in yellow crystals, and after some time the entire liquid 
solidifies to a crystalline pulp ; aud by pressing out the mother-liquor and recrystal- 
lising from ether, the thioxamate is obtained in large lemon-yellow prisms ; from hot 
water it crystallises in needles. It melts at 63°-64°, and cannot be distilled without 
decomposition (Weddige, J, pr. Ckem. [2], vii. 79). 

Methyl Thioxamate, JSR-.CS.OO.OCH^, produced in like manner, crystallises 
in delicate light-yellow, brilliant needles or iaminse ; melts at 86° ; dissolves in alcohol 
and ether, less easily in water ; decomposes when heated above its melting point (ibid. 
X. 193). 

Isohiityl Thioxamate, 2SrB[".GS.CO,CE[®.GH(CH^)^ crystallises from alcohol in 
long iemon-yeUow needles and prisms, which melt at 58°, dissolve with moderate 
facility in alcohol and ether, sparingly in water (Weddige, loc. eit.) 

Phenyloxamie Ethers (H. Elinger, Ber. viii. 310). Ethylic Fhe^iyloxamate, 
or Bhenyloxamethane, C‘^H^GO.NH.COOC-H^ is formed by heating ethyl oxalate 
and aniline together in molecular proportions, and crystallises in large plates or 
prisms, melting at 66°, and dissolving readily in ether, alcohol, and benzene. From 
water it crystallises in small needles, melting at 64-5°-65°. Acetyl chloride converts 
it into ethyl phenylaee tyloxamate, C“H^CO.N(G'H^O).COOC-H^ which forms 
large prisms or plates melting at 66°-67°. When the phenyloxamate is treated with 
bromine, the monobromopbenyl-compound, C®H^Br.GOKH.OOOC"H®, is formed, crys- 
tallising in plates or fiat needles which melt at 154°-156°, and yield on saponification 
parabromamline melting at 61°-62°. 

Ethylic phenyloxamate heated, not above 70°, with phosphorus pentaehloride is 
converted into ethylic phenylamidodichloracetate, NH(G®H^).CGP.GOOG-H^ ; 
above 70°, however, an imidochloride is produced. By beating the amidodichlor- 
acetate for a long time to 90°, or for a shorter time to 120°, or subjecting it to the 
action of gaseous ammonia, it is converted into ethylic phenylimidochloraeetate, 
C®H^N=:CG1 — CO — OCH®, which crystallises in colourless needles melting at 91°. 
Both the amidodichloracetate and the iniidomonochloracetate are converted by aniline 

into the compound Qsgs, which crystallises in yellow-green 

Iaminse, melts at 234°-235°, and is resolved by boiling with water into oxanilide 
(m. p. 245°) and aniline. When the amidodichloracetate is heated for twelve hours 
at 90°, or for two or three hours at 120°~130°, CO and CO- are given off, and the 
residual liquid is foimd to contain nothing hut ethylic phenyloxamate and aniline. 

Emylic Paratolyloxamate or Paratolyloxametliaiae 

obtained by heating ethyl oxalate with paratoluidine, 
crystallises in Iaminse and melts at 66°-67°. Paratolyioxamic acid, obtained from it 
by the action of alkalis, forms needles melting at 168°-170°. PhospJwrus penta- 
chloride converts par atolyloxam ethane into ethylic paratolylamidodichloracetate, 
C^H^GH^) NH.CCr-.COOC-H^ which crystallises in white needles melting at 59°-60°, 
and is converted by water, or by alcohol of 98 per cent, into paratolyloxamethane 
(Klinger). 

Phenylene (WCeta-) Oxamlc Acid, C®H®N^O* = H^ls[,C®H‘*.jtsH.C^O“.OH, is 

voL. vm. fiB 
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produced, together mth the corresponding phenylenediamine ozalate, when meta- 
phenTlenediamine is boiled with oxalic acid and alcohol for five or six hours, and 
separates out, while the easily soluble phenylenediamine oxalate remains in the liquid. 
It likewise separates when a solution of phenylenediamine oxalate is boiled for a con- 
siderable time, and is obtained in greatest abundance when a solution of meta-pheny- 
lenediamine is gradually added to a boiling solution of oxalic acid. It crystallises 
from boiling water in slightly reddish needles, which melt only at a very high tem- 
perature and carbonise at the same time. The ammonium salt forms slightly yeUow 
crystals, sparingly soluble in pure water, easily in slightly alkaline water. The silver 
salt forms long slender needles (Klusemann, Ber. vii. 1261). 

OXAMZBE, NH2 C=^02.NH2. On the Heat of Formation of Oxamide, see p. 960. 

Eeaction with Aleoholates. — Oxamide, like other amides, does not yield amine- 
bases when heated with aleoholates. Thus, on distilling it with sodium ethylate or 
with sodium or potassium phenate, not a trace of ethylamine or phenylamine is 
obtained, the only products being ammonia and cyanide of sodimn or potassium. 
Considerable quantities of potassium cyanide are formed on hea^ng oxamide with 
potassium hydrate (Weith, Ber, vi. 966). 

Metkylooiamide, NH2GWNH(CH*), prepared by the action of methylamine 
on oxamethane : 

NmC^O^.OC^H® -h HH2(OH3) = C^O^.NHCCH®) + 
crystallises in microscopic needles melting at 227°-229® sparingly soluble in water 
and in alcohol (Wallach a. West, Ber. ix. 262). 

Methylethyl oxamide, NH(CH3).C202.NH(C2H^), obtained in like manner from 
methylamine and ethyloxamethane, crystallises from alcohol in needles melting at 
155°-lo7°, subliming easily, soluble in hot water. By the action of phosphorus 
pentachloride, it is converted into chloroxalmethyl ethylene, C^H^'CHST’^ an oily 
liquid boiling at 212°--213°, miscible with water, and solidifying at low temperatures. 
Its hydrochloride, C^H’C1N2.HC1, is very hygroscopic, but crystallises on^ standing 
over sulphuric acid ; the flatinocMoride, (C®H^ClN^.HCl)^PtCl^ crystallises from 
alcohol in large tablets; the silver salt, C^H^ClH^.NO^Ag, crystallises in transparent 
prisms ; the methiodide, G^H’CIN^OHH, is very stable, and is purified by crystallisa- 
tion from alcohol. The reaction of chloroxalmethylethylene with metallic salts closely 
resembles those of its homologues previously described (pp. 453, 464) (Wallach a. 
West). 

Bhenylmethylox amide, NH(Cfl^).C-02.NH(G®H^), from methyloxamethane 
and aniline, crystallises in thin white needles, melting at 171°-173° easily sublimable. 

Phenylethylox amide, ]SrH(C'H®).C202.NH(C<^H^), prepared from ethyloxam- 
ethane and aniline, or from ethylie phenyloxamate and ethylamine, is very slightly 
soluble in water, but may be crystallised from alcohol in white shining needles of 
silky softness, and melting at 169° (Wallach a. West). 

OX.ATttOfJ>XN, A compound formed by the action of cyanogen on albumin. 
See PuoTEiDS. 

‘ OXETHYX.ElTE-TOXiXrZBZZa'E, = NH(C^H0(C2H^OH). See 

Tolutdines. 


OXZMXBOCYAXrxc ACXB. Syn. with Pababanic Acid. 

OXXM'BOZiE, C®H"NO. The identity of this compoimd with orthoamidophenyl- 
GH^CO 


acetic anhydride, has been already noticed (p. 1086 ) ; and this view 

of its constitution is confirmed by its formation by reduction of orthonitrophenylacetie 
acid. When a mixture of the three isomeric nitrophenylacetic acids is subjected to 
the action of tin and hydrochloric acid, and the product is neutralised with marble 
and precipitated with barium carbonate, the para- and meta-amido-aeids form barium 
salts, while the ortho-acid remains dissolved in the form of an anhydride, which may 
be extracted by ether. This anhydride is identical with oxindole, prepared by reduc- 
tion of dioxindole (vi. 736), and yields indole when heated with zinc-dust (A. Baeyer, 
Ber. xi. 682). 

After the ingestion of oxindole and dioxindole (by men, dogs, and rabbits), red 
colouring matters are found in the urine, very much like those which are produced by 
the oxidation of these bodies in the air (Nencki, Ber. vii. 1593). 

OXOK'XC ACXBy An acid discovered by Strecker, who obtained it 

by the action of atmospheric oxygen on uric acid in alkaline solution. It forms two 
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series of salts. The acid potassuim salt, precipitated by acetic acid from tbe alkaline 
solution just mentioned, crystallises in needles 'with mol. water. The acid harium 
salt contains ^ mol. water. These salts were fomid "by L. Medicus among the pre- 
parations left by Strecker {Liebig's Annalen, eixxT. 230). 

OXiiCBTA2arZZiXB£, C''H:^hl0- = C®HhNH:.G2B:2(0H)0. Syn. with Phexyl- 
HYDEOXYL-ACBTAinDE. See Acetamides (p. 7). 

OXYACETOTOlitJlBIWB, =: C®H^(CH3).NH.C=H-(0B[)0 {loc. eit.) 

OXY.aCBYZiXC or ACBYB-ZiACTZC ACZB, 

= CH(OH)=r:OH— OOOH. 

The barium salt of this acid is formed, together with barium malonate (p. 1257), by 
the prolonged action of boiling baryta-water on ethyl chloracrylate (Pinner a. Bischoff, 
Liebigs Annalen, clxsix. 85). 

03CY.aX7THBAatTXB‘0XgrBS. See Antheaquinones (pp. 99-112). 

OXVilZOBIIia'ZElff E, C^"H^®N20 = C«H®.N=rN.OC‘'H^ is formed when a mixture 
of nitrosopheuol (20 pts.) and aniline acetate (60 pts.) is left to itself at ordinary 
temperatures or heated on the water-bath. A brisk action takes place, attended with 
change of colour and formation of a crystalline pulp, which, when heated with 
ammonia, yields a solution of oxy azobenzene. This compound crystallises in orange- 
coloured prisms, melting at 148® (Kimich, viii. 1499); compare th. 151 ; viii. 
215. 

OXYAZOTOXiXTEETE) C®H‘‘(CH®).N=:N.OC®H‘‘(CH®), formed, together with 
other products, by the action of paratoluidine acetate on nitrosopheuol, crystallises in 
orange-red prisms melting at 151®, somewhat soluble in hot water. It possesses acid 
properties, and yields a silver salt crystallising in shining orange-coloured needles 
(Kimich, loc. dt^ 

OXYBEWZAIiBEHYBES. See Oxybenzoic Aldehydes (p. 1865). 

OXYBEETZAZaZBE (PARA-). See OxYBENZOic AciDS (p. 1463). 

OXYBEB'ZSE'E, or OZOBEINTZEWE. An explosive substance formed by 
treating benzene with ozonised oxygen (p. 159). 

OXTrBEWZOlC or HYBROXYBEWZOXC ACXBS, C®H^(OH) CO OH. Many 
of the reactions and derivatives of these acids have already been described (pp. 278- 
294). The following are recent additions to our knowledge of them, which have 
been made by H, Hupferberg {J. jpr. Chem. [2], xvi. 424). 

Normal Sodium Paraoxybemoate, heated to 240°-250®, is resolved into a basic salt, 
phenol, and carbon dioxide, according to the equation : 

2C«H^(0H)C02iSra = C«H-‘(Ohra)CO'^Na + C^H^OH + OO^. 

If the operation is conducted in a stream of carbon dioxide, and the temperature raised 
to 280®-295®, the basic salt is left as a white residue, which is then found to yield 
36 per cent, of salicylic acid, the quantity decreasing with the rise of temperature. 
The change of paraoxy benzoic acid into salicylic acid may perhaps he regarded as due 
to the action of carbon dioxide, and to a more complex action than the mere change 
of position of the hydroxyl and carboxyl groups, possibly to the formation of an 
isomeride of orthophenoldicarboxylic acid, which would be resolved by heat into basic 
sodium salicylate and carbon dioxide, as follows : 

CsH3(0H)(C02Na)‘' = CeH‘‘(0Na)C02Ha + CO^ 

This view is supported by the following observations : — (1.) When sodium para- 
oxybenzoate is heated in a quick stream of hydrogen, no salicylic acid is formed ; if 
the stream is slow, a small quantity is produced. (2.) By Van den Welden’s observa- 
tion {J. yr. Chem. [2], xv. 155), that thallious salicylate when heated decomposes into 
paraoxybenzoic and orthophenoldicarboxylic acids. (3.) By Ost’s observation {ibid. 
306), that basic potassium paraoxybenzoate is converted by heat into potassium ortho- 
phenoldicarboxylate. (4.) A nearer examination of the product obtained by heating 
sodium paraoxybenzoate in a stream of carbon dioxide showed the presence of ortho- 
phenoldicarboxylie acid,'C®H^(OH)(CO^H)^ and oxytrimesic acid, C®H“(OH)(CO^H)^. . 
By conducting the. operation very slowly, the end-prodmet was found to contain basic 
sodium oxytrimesitate only, the reaction taking place as follows : 

2C«HX0Na)C02Na + 00^ = + C«H^OH. 

Potassium paraoxybenzoate, heated to 240°-250® in a stream of carbon dioxide, is 
resolved into basic potassium paraoxybenzoate, phenol, and carbon dioxide, small quan- 
tities of orthophenoldicarboxylic and oxytrimesic acids being, however, formed at the 

9 . 
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same time, in consequence of the decomposition of the potassium salt of the former 
acid, at high temperatures into basic paraoxybenzoate and carbon dioxide. 

The identity of the orthophenoldicarboxylic and oxytrimesic acids obtained above 
with those obtained from salicylic acid is fully borne out by their characters. The 
alkaline salts of oxybenzoic acid (iheta-) differ from those of the isomeric acids in 
their behaviour when heated ; they yield no basic salts, and only a small amount of 
impure phenol, the residue becoming carbonised. 

Thallmis Oxyhensoate^ C®B['^(OH).C02T1, prepared by neutralising the acid with 
thallious carbonate and evaporating the solution, crystallises in colourless shining 
prisms, easily soluble in hot, less soluble in cold water. Basic thallious oxybenzoate, 
prepared by heating an aqueous solution of oxybenzoic acid with excess of thallious 
hydrate, and evaporating the solution, crystallises in yellow prisms more soluble than 
the neutral salt, and possesses an alkaline reaction. 

The basic alkaline oxyhenzoates are white hygroscopic powders, which when heated 
in a stream of carbon dioxide leave a residue containing only oxybenzoic acid. 

TetretTiylammonium Salicylate ^ C®H^(OH).CO^N(C‘H^)‘*, prepare^ by neutralising 
the aqueous solution of the base with salicylic acid, and evaporating the solution, is a 
brown, syrupy, highly hygroscopic mass. When heated to 150°, it is resolved into 
triethylamine and ethyl salicylate. The metoxybenzoate of this base resembles the 
salicylate ; the paraoxybenzoate is, however, resolved at 170° into carbon dioxide, tri- 
ethylamine, ethylparaoxybenzoate, and phenetoil, as follows : 

C«H^(0H).C02K(C2H5)* = C^HsOC^H® + + CO\ 

The oxyhenzoates of triethyl^henylammonium, C®H^(0H).C02(C^H®)®(C®Hs), are 
more stable than those of tetrethylammonium, but are decomposed by heat in a similar 
manner, yielding diethylphenylamine and the ethyl-ether of the acid. 

The Salicylate zxAl^araoxy'henzoate of Methylamine, are 

deliquescent crystalline masses, which are resolved by heat into methylamine, phenol, 
and carbon dioxide. The metaoxyhenzoate, however, yields, when heated, methylamine 
and oxybenzoic acid. 

^ The aniline oxyhenzoates, prepared by dissolving equivalent quantities of base and 
acid in alcohol, and evaporating the solution, are well crystallised compounds, and 
are decomposed by heat in a similar manner to the methylamine salts, the paraoxy- 
benzoate yielding a small quantity of the anilide. 

The three oxyhenzoyl-anilides are prepared by heating the aniline salts with 
POP or P^O® as crystalline bodies. 

Salwyl-anilxde crystallises in prisms melting at 132° (134:°-135°, Wanstrat, DeuL 
Chem. Gres. Ber. vi. 336). 

Baraoxybenzoyl-anilide crystallises in yellow shining plates, melting at 196°-1970. 

Oxybenzoyl-anilide crystallises in white silky needles, melting at 154°-155°. 

These anilides are all easily soluble in alcohol, and sparingly soluble in water ; 
with the alkali-metals and thallium they form easily soluble compounds by the 
replacement of the hydrogen in the hydroxyl group by metal, their solutions yielding 
amorphous precipitates with salts of the heavy metals. Salicyl-anilide differs from 
the others in giving a violet coloration with ferric chloride. 

On the formation of Oxybenzoic Acid (Meta-) together with Salicylic Acid ftom 
Orthoehlorobenzoic Acid, see p. 284. 

Solubility in Water.— U. Ost {J. pr. Chem. [2], xvii. 228) has determined tbe 
solubility of the three oxybenzoic acids and of benzoic acid in water by filling strong 
flasks with the hot solutions of the acids, closing them loosely after cooling, and sur- 
rounding them with ice for several days, and estimating by titration the amount of 
acid remaining in solution after the deposition of the crystals. The solubilities at 0° 
were thus found to be ; 

, Benzoic Paraosybenzoic Metaoxybenzoic 

1 m 1050) ^ 

to 1 in 1100) 1 in 640 1 m 580 1 in 265 

All four acids require much longer time for the complete deposition of crystals 
when the solutions are dilute than when they are concentrated. 

Oxidation.~ThQ three monoxyhenzoic acids, also protocateehuic acid and gallic 
acid, when subjected to the action of chromic acid mixture, are oxidised with violent 
reaction, to carbon dioxide (J. Eemsen, Chem. News, xxvii. 213, 277), 

^ Action of Salicylic and paraoxybenzoic acids, heated with dry ammonia 

give first the ammonium salts, which when heated yield phenol and carbon dioxide, * 
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Metaoxybenzoic acid however, T^hen similarly treated, yields oxybenzonitril. 
according to the e<iTiation — 

CsH'(OH).CO.OKH^ + NH3 = CSH^(OH).Gy + 2H20 + Nm 

This oxybenzonitril melts at 82°, and is identical with that which Griess obtained 
from the sulphate of diazocyanbenzene, C®H®(CN)N“H-SO^ {Ber. v. 669). 

The three isomeric acids show a similar behaviour when distilled with potassium 
thiocyanate, the metaoxybenzoic acid alone yielding the nitril. This method of prepar- 
ing the nitril is, however, less easy than the former. 

The oxybenzonitril yields, by treatment with sulphuric acid and nitric acid, a 
mononitrated substitution-compound melting at 182°-183°, which when boiled with 
alkalis yields a nitro-oxybenzoic acid (H. J. Smith, Ji Chem. [2], xvi. 218). 

OrtlLO-oxybenzoic or Salicylic Acid, Experiments 

on the action of heat on the normal salicylates, C®H^(OB[)CO-M, have been made by 
A. V. d. Velden (./.pr. Chem. [2], xv. 151), with the following results. All these 
salts are decomposed into basic salt, phenol, and carbon dioxide, in accordance with 
the equation established by Kolbe for the sodium-salt, viz. 

2C«HXOH).G02]Sra = C«HX0Na).C02]Sra -t- C^H^OH -f- 00=; 

the salicylates of the heavy metals however partly yield free salicylic acid, and the 
copper and silver salts are readily decomposed on account of the easy reducibiHty of 
the metals which they contain. This reaction, in the case of the potassium salt, as 
shown by Ost (p, 285), and likewise in that of the rubidium salt, and at a high tem- 
peratnre partly in that of the thallium salt, is attended with the conversion of the 
salicylic into paraoxybenzoic acid. The thallium salt is at the same time partly con- 
verted, like the sodium salt at high temperatures (p. 280), into phenoldicarboxylate : 

3CSHX0T1)(G0"-Ti) G02 = Cm^(0'S) + 2G«H-X0T1)(G0"-T1)2. 

Normal Thallium Salicylate, G®H'^(OH).GOTl, prepared with the calculated quan- 
tities of salicylic acid and thallium carbonate, is moderately soluble in cold, easily in 
hot water, has a neutral reaction, and separates on cooling from a hot concentrated 
solution in thick anhydrous needles. The basic salt, G®H'‘(OTl).CO”Ti, is precipitated 
in small, nacreous, faintly-yellowish rhombic plates on mixing a hot solution of the 
normal salt with the solution of an equivalent quantity of thallium hydroxide. It is 
nearly insoluble in cold, very slightly soluble in hot water. 

Alummkm Salts . — On mixing a solution of normal sodium salicylate with a solution 
of alum, a white crystalline precipitate is formed which is not always of constant 
composition, but appears to consist for the most part of normal akminhm salicylate, 
AP(C’H^0®)®. By prolonged standing, and especially by boiling with water, salts 
richer in aluminium are formed. 

Normal Ferric Salicylate, Fe^(C^H^O®)®, separates on mixing the normal sodium 
salt with ferric chloride, as a brown precipitate, which, together with the mother- 
liquor, quickly acquires the deep violet colour produced on bringing free salicylic 
acid in contact with ferric chloride. ' After washing, it forms a brown amorphous 
body, which yields a violet solution when boiled with water. 

Bibromosalicylic Acid, C®H“Br-(OH).CO-H, produced by the action of bromine 
on salicylic acid, forms colourless needles, which dissolve sparingly in water, easily in 
alcohol, and melt at 219°. Its solution is coloured violet by ferric chloride. Neither 
this acid nor monobromosalicylic acid appears to form bimetallic salts (Hiibner, Ber. 
X. 1707). 

BicMorosalicylic Acid, G‘^H“CP(OH).CO"H. The modification of this acid, 
produced by passing the calculated quantity of chlorine into a solution of salicylic acid 
in acetic acid, is precipitated therefrom in white flocks on addition of water, and may 
be purified from the monochlorinated acid by conversion into barium salt. It is in- 
soluble in cold, but soluble in boiling water ; dissolves easily in cold alcohol, and 
separates from the solution on spontaneous evaporation in stellate groups of colourless 
needles. It melts at 214°, and sublimes with partial decomposition. Ferric chloride 
produces a fine violet colour in its aqueous solution. The barium salt, 
[C®S2Cl"(0H)C02]^Ba-i-3-|H^0, is insoluble in water, easily soluble in boiling alcohol, 
and crystallises therefrom in large colourless needles. The yotassium salt, 
C®H2G1“(0H)C02K, crystallises from its concentrated aqueous solution in white 
needles. The sodium salt, C®H"CP(OH)CO-Na, forms easily soluble needles; the 
'Ragiiesium salt, [0®H*Cr-(OH)CO2]2Mg, very soluble crystals. The lead salt, 
C®fr01-0PbC0®, is a white insoluble precipitate ; so likewise is the silver salt. The 
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copper salt forms small brown soluble crystals. The etJiylic ether, C®H^CP(OH)CO“C^H^, 
crystallises from alcohol in needles melting at 47°, and forms a potassium salt, 
C®H'Cl'(OE)CO‘C-H^ The acid treated with nitric acid yields a soluble nitro- 
derivative (E. F. Smith, Amer. Phil. Soc. Proc. xrii. 68). 

Witrosaiicylic Acids. Two Twwjonitrosalicylic acids, C®H^(NO^)(OH).CO-H, 
obtained by direct nitration of salicylic acid, were described by Hiibner in 1874 (JBer. 
vii. 1320], and distinguished as ortho- and ^pam-nitrosalicylic acids, because when 
heated they yielded respectively ortho- and para-nitrophenol (p. 281). In a subse- 
quent paper {ibid. s. 1697) they are named a- and ^'orthohydroxymetanitrohenzoic 
acid, or more shortly a- and ^nitrosalicylic acid. These two acids may be represented 
by the following formulae, 


CO=H 

CO“H 

/\oH 

A 


/3 


O 

\_ 


the a-modification being evidently resolvable into CO^ and o-nitrophenol, the ]8-modifi- 
eation into CO- and ^9-nitrophenol. 

a-Nitrosalicylic acid yields a diethyl-compound (p. 282), convertible by treatment 
with alcoholic ammonia into 

a-Orthamidometanitrohenzoic acid, G®H®.NH-.NO-.COOH, which forms very long 
delicate golden-yellow needles, melting at 263°. Its barium salt forms brownish-yellow 
crystals. The acid is converted by treatment with nitrous acid into a white diazo- 
compound, and this, when treated with alcohol, yields a metanitrobenzoic acid which 
melts at 140°, and is converted by reduction with tin and hydrochloric acid into an 
amido-acid melting at 173°. This.shows that the nitro-group in the acid occupies 
the meta-position in relation to the carboxyl-group, as the name implies. 

Together with the foregoing amidonitrobenzoic acid, there is formed an amide, 
C®H®.NO-.NH^.CONH^ which crystallises in long, colourless, sparingly soluble needles 
melting at 22o°. Solutions of this substance produce a deep-red colour with ferric 
chloride. It formvS colourless compounds with nitric and hydrochloric acids. 

jS-Nitrosalicylic acid, when pure, melts at 131°, not at 145°, as formerly stated. 

^-Qrthamidometanitrobenzoic add, obtained in the same manner as the a-compound 
(see above), forms long yellow needles melting at 204°, and volatilises easily with 
steam. It is converted by treatment with nitrous acid and alcohol into metanitro- 
benzoic acid melting at 142°, and yielding, by reduction with tin and hydrochloric 
acid, an amido-acid melting at 174°. amide, formed together with the nitro-acid, 
melts at 109°. 

Sulphonic acids. — a-Ffitrosalicylic acid is converted hy heating with fuming 
sulphuric acid into a sulphonic acid, C®H~(0H)(N02)(C00H)S0^H, the calcium and 
barium salts of which crystallise in hair-like needles. This acid yields by reduction 
the corresponding amido-acid, C‘'H-(0H)(N'H2)(S0®H)C00B[ + H20. 

a-Metamidosalicylic acid, when heated with fuming sulphuric acid, yields colom’- 
less needles of the sulphonic acid, C®H\OH)(NH2)(SO®H)COOH+ SH^O, the calcium 
salt of which crystallises with 5 mols. of water. 

Piiiitrosalicylic acid.— The two mononitro-salicylic acids above described 
are converted by fuming nitric acid into the same dinitrosalicylie acid, 
C®.CO*H.OH.NO“.H.NO‘bH, which crystallises in thick shining prisms and tables 
containing 1 mol, H-0, and becoming turbid on drying. It is but slightly soluble in 
cold water, still less in dilute acids. The aqueous solution is coloured red by ferric 
chloride. The dehydrated acid melts at 173°. The dipotassium salt, 
C®H^(N0“)20KC02K + H-0, forms dark red needles having a velvety lustre. The 
monammonium salt. C®H2(K02)20H.C02NHb crystallises from the solution of the acid 
in concentrated aqueous ammonia in fiery-yellow needles. The monobarimn salt. 
C®H2(N02)=^0(00-)Ba-f 3H'’0, formed by neutralising the acid with barium carbonate, 
crystallises in very small soft needles. The monocalcmm salt, C®H2(N0^)-0(C02)Ca + 

1 J(? 2^)H“0, prepared like the barium salt, crystallises in nodular groups of small 
needles, somewhat more soluble than the barium salt. The monoplumbic salt, 
C®H\N0®)20(C0-)Pb + 3H^0, is alight yellow precipitate very sparingly soluble in 
water, but moderately soluble in hot dilute acetic acid, from which it crystallises in 
very brilliant light yellow needles. The ethylio ether melts at 99°-100° (H. Behagel 
von Adlerskron, Inaugural dissertation, Gottingen, 1877; Ber. x. 1700). 

Paraoxytoenzoic Acid, C®.CO-H.H.H.OH.H2. An elaborate investigation 
of the formation, properties, and derivatives of this acid has been made by 0. Hart- 
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mann (J. pr. Chem. [2], xvi. So). In preparing it from potassium phenate, it is 
advisable first to heat the latter in contact with the air, or better in a stream of 
hydrogen, and then to pass carbon dioxide gradually into it. The product thus ob- 
tained amoimts to 80, or, if very pure potassium phenate be used, to 90 per cent, of 
the theoretical amount. If, on the other hand, the carbon dioxide be passed in before 
the potassium phenate is heated, or if the retort filled with the gas be suddenly heated 
to 180°, the mass becomes viscid, and the greater part of the potassium phenate is 
prevented from coming in contact with the carbon dioxide. On dissolving the product 
in water and adding hydrochloric acid, the paraoxybenzoic acid is precipitated as a 
brown ciystalline powder, which may be purified by boiling its aqueous solution with 
hydrochloric acid, or better with animal charcoal. The purification may also be 
eifected through the medium of the ethylie ether. Traces of salicylic acid may be 
removed by crystallisation from chloroform. 

Paraoxybenzoic acid crystallises well from dilute alcohol. The crystals, according 
to V. Beuseh’s investigation, are monoclinie, with the axial ratio a \ h \ c— 
1*3703 : 1 : 1*102J4:', and the angle uc — 105° 26'. 

The following salts were prepared by neutralising the aqueous acid with the cor- 
responding carbonates. The sodium salt, C''‘H-‘(OH)C02Na -t- oH-O, is obtained by 
crystallisation from a very strong solution at as low a temperature as possible, in 
slightly brown translucent plates which effloresce with great facility. The potassium 
salt, C®H'‘(OH)CO-X + 3H-0, obtained in like manner, is permanent in the air. The 
ammonium salt crystallises with 1 mol. water ; its solution gives off ammonia on 
evaporation, so that it must be neutralised before crystallisation, which takes place 
only from very strong solutions and at low temperatures. It forms large, slowly 
efflorescing prisms an inch in length. The calcium [C®H-‘(OH)CO']“Ca + 4H"0, 
forms slender needles ; the harium salt either flat needles with 1 mol. H-O, or well- 
developed acute rhombohedrons with basal pinacoi’d, containing 2H-0. strontium 
salt mostly forms slender needles, less frequently moderately large cr} stals. The 
cadmium salt crystallises from hot concentrated solutions in needles with -IH-O ; from 
dilute solutions in granules with 6H-0. The former salt changes into the latter when 
left for some time in the mother-liquor. The zinc salt forms granular crystals con- 
taining SH^O. The ethylie ether, C®H^(OH)CO‘C-B[^ melts at 116°, also when heated 
under water, in which it dissolves in small quantity at the boiling heat. It is insoluble 
in carbon sulphide, only slightly soluble in chloroform and benzene, but dissolves 
readily in alcohol and ether. 

Taraoxyhenz amide, C®H'‘(OH)CO.I?H- + H-0, produced by heating the ether 
just described with aqueous ammonia at 130°, crystallises from water in needles, and 
is quicldy dehydrated at 100°, slowly over sulphuric acid; dissolves easily in alcohol 
and in hot water, sparingly in ether and in cold water ; is nearly insoluble in chloro- 
form, carbon sulphide, and benzene ; melts at 162°. It combines both with bases and 
with acids. Sodium-paraoxyhenzamide, C®H‘(ONa)C01srH-, is thrown down by caustic 
soda from an alcoholic solution of the amide as a white precipitate insoluble in ether ; 
from solution in alcohol it separates in crystals. Bihydrochloride of Jdaraoxyhenzamide, 
0®HX0H)C0]S‘H2.2HC1, formed by passing hydrogen chloride over the amide, is easily 
soluble in water. 

Varaoxybenzonitril, or Jdaracyanphenol, C®.CKH.H.(OH).H“, formed from 
the amide, or better from the ammonia salt by rapid distillation with phosphorus 
pentoxide, crystallises from hot water in beautifully iridescent laminse of the thickness 
of a sheet of paper ; by slower formation in tablets, which according to v. Beusch are 
orthorhombic, exhibiting the combination ooP . P . OP. Angle ooP : ooP~81°4'; 
OP : P = 74° 12. Hence a '.h \ c = 0*8551 : 1 : 2*308. Plane of optic axes ac] first 
median line e. Dispersion very remarkable p>v. Angle of optic axes for red light 
about 49° in air. The crystals are optically negative. The nitril dissolves sparingly 
in cold, more freely in hot water, easily in alcohol, ether, and chloroform ; it has 
a sweet taste, with burning after-taste. Soda-ley added to its ethereal solution 
throws down the sodium-compound, C®H^(ONa)CN (dried at 100°), which crystallises 
from alcohol as well as from water, in the latter case with water of crystallisation. 

On Binitromethylparaoxyhenzoic or JDinitranisic acid, see Salkowsky a. Budolph, 
(p. 287). 

iHdeliydo-oxybenzoic Acids, C®H®0'‘=C®H®(GOH)(OH)(GOOH). 
Beimer a. Tiemann in 1876 obtained ortho- and para-aldehydo- salicylic and ortho- 
aldehydo-paraoxy benzoic acids, by the action of chloroform on o- and ^-oxyhenzoic 
acids in alkaline solution (p. 288), and the following additional details respecting these 
acids are given by the same authors in a subsequent communication {Ber. x. 1576). 
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The best yield is obtaiaed by dissolving 30 grams of salicylic (or paraoxybenzoic) acid 
in 100 c.c. of canstic soda-solution of sp. gr. 1’35 (containing about 43 grams of 
sodium hydroxide), and cohobating -with o-lO grams of chloroform, further quantities 
of the last substance being from, time to time added (20-25 grams in half an hour). 
When a little chloroform condenses and drops back, more caustic soda-solution is 
added, so that in the course of 4 to 5 hours about 150 e.c. of the soda-solution and 
45-46 grams of chloroform have been used altogether : no appreciable increase in the 
yield is noticed after this stage. 

The resulting deep-red liquid is cautiously neutralised with hydrochloric acid, 
whereby a dark resinous decomposition-product is thrown down : the filtrate is strongly 
acidulated vith hydrochloric acid, and the resulting liquid (containing in suspension a 
white precipitate) is agitated with ether ; the concentrated ethereal extract is then 
shaken with 100 c.e, of solution of sodium-hydrogen sulphite of sp. gr. 1*35, diluted 
with 40-50 c.c. of water, which quantity suffices to take up all the aldehydo-bodies 
found. By means of sulphuric acid and steam (40 grams concentrated acid diluted 
with 40 c.c. of water) the sulphite compounds are decomposed, the whole being thrown 
on a filter after cooling to 60°. If paraoxybenzoic acid is used in the first instance, 
oHho'-MeliydO'fait'mxyhenzoio acid remains on the filter, a little more of this acid 
being contained in the filtrate, together with a little paraoxyienzoic aldehyde ; the yield 
of the aldehydo-acid is about 20 per cent, of the paraoxybenzoic acid employed. If 
salicylic acid was originally employed, para-aldehydo-salicylic acid remains on the 
filter, the filtrate containing small quantities of the same, together with ortho-aldehydo-- 
salicylic acid. Salicylic aldehyde is also produced in small quantity when the soda- 
solution originally used was more dilute than that recommended, and especially if the 
mixture was not heated to a higher temperature than the boiling point of chloroform, 
a large quantity of that substance being added at first : this product is easily isolated 
by distillation with steam, the quantity not exceeding 1 or 2 per cent, of the salicylic 
acid used : it is possibly formed by the splitting up of the salicylic acid into phenol 
and carbon dioxide, the former being then aldehydated ; or it may be produced by the 
decomposition of the ortho- aldehydo-salicylic acid ; or, again, and more probably, it 
may result from a direct exchange of carboxyl for aldyl (the group GOH characteristic 
of aldehydes). 

To separate the ortho- and para-aldehydo-salicylic acids, the method formerly 
described (methodical crystallisation) does not suffice, traces of the para-acid being 
always retained by the ortho-acid thus prepared. The following process answers 
well : — The solution of the mixed acids is shaken with ether, the ethereal extract 
evaporated, and the residue dissolved in considerably diluted ammonia-liquor : copper 
sulphate solution is then added, and sufficient ammonia to dissolve a portion of the 
precipitate with a blue colour : the whole is then heated to boiling, when almost the 
whole of the ortho-acid separates as a basic copper salt of a bright green colour, con- 


taining when dried at 100°, C® 


\C0H 


on treatment with dilute hydrochloric 


acid, this salt yields pure ortho-aldehydo-salicylic acid, crystallising from water in 
fine interlaced needles resembling salicylic acid, and melting at 179° when perfectly 
pure (166° was given as the melting point in a former paper) : by careful heating it 
can be sublimed unchanged, but if quickly heated to 220° in the fused state, it splits 
up into carbon dioxide and salicylic aldehyde : when crystallised it is represented by 
the formula the crystals becoming anhydrous at 100°, Alcoholic 

solutions of the acid exhibit a faint blnish- violet fluorescence; in caustic soda it 
dissolves with a yellow colour. Ferric chloride strikes a red tint, and sodium carbon- 
ate dissolves the acid with effervescence. 


Two classes of salts are formed by each one of the three aldehydo-acids, viz., 
normal salts, and basic salts in which the phenolic hydrogen is also replaced ; the 
points at which the normal salts are formed with alkalis and the two salicylic deriva- 
tives are easily determined by means of litmus, a red coloration being given to the 
litmus as long as the amount of alkali added is less than that requisite to form the 
normal salt, and a blue with the slightest excess : with the paraoxybenzoic derivative, 
however, the point of neutrality cannot be thus determined, as the litmus becomes 
green before the amount of alkali requisite to form the neutral salt is added ; further 
addition of alkali deepens the green, but there is no characteristic colour change 
marking the point of neutrality. The alkali -salts of all these acids are very soluble, 
and crystallise only from extremely concentrated solutions ; the normal salts of the 
two salicylic derivatives are colourless by tra nsmitted light, appearing to possess a 
green fluorescence with reflected light ; traces of excess of alkali give a yellow color- 
ation. The neutral and ammoniaeal solutions (concentration about 1 : 50) exhibit the 
reactions given in the following table : 



Ortho-aldeliydo-salicylic acid Para-aldehydo-salicylic acid Ortlio-aldeliydo-pnrnoxybeiizoio acid 
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.qiieoiis eoluticnis of the three aldelij^do-oxy-acid 
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Ortho-aldehydo- salicylic acid dissolves in 1500-1600 pts.of water at 23^-25°, and 
in 15-16 pts. at 100°; para-aldeliydo-salicyiic acid in 2600-2700 pts. af25°, and in 
145-160 pts. at 100° ; ortho-aldehydo-paraoxybenzoic acid is slightly more soluble in 
cold water than the latter. 

By fusion with potash, these three aldehydo-acids are readily converted into 
phenol-dicarboxylic acids, C®H®(OH)(COOH)". 

C«.OH.COOH.H.GOH.H2' 

Para-aldehydo-saJicjlic acid. 12 4 

^ yielding O^.OH.COOH.H.COOH.H^ 
and C®.OB[.COH.H.COOH.H^ a-Phenol-dicarbosylic acid. 

Orthaldehydo-paraoxy- 

■benzoic acid. j 

1 1 2 
and C«,OH.COOH.H.H.H.COH yielding C®. OH.OOOH.B:.H.H.COOfl 

Ortbo-aldehydO’Salicylic acid 

See Phenol-casboxylic acids. 

^edjucfion of AldeJiy do-oxybenzoic Acids to Alcoholic Acids (Eeimer, 
Ber. ix. 790). — This transformation is effected by treating the aldehydo-acids with 
sodium-amalgam: 1 pt. of the aldehydo-acid is suspended in about 10 pts. of water, 
and treated gradually with 60 pts. of 3 per cent, sodium-amalgam. The reduction of 
the aldehyde under these circumstances is nearly complete, but resinous products are 
invanably formed at the same time. Hydrochloric acid is then added in slight excess, 
and the alcoholic acid, mixed with resin, is extracted by agitation with ether. The 
separation of the resin is effected, either by dissolving the mixture in ammonia, 
adding barium chloride, and leaving the solution for some weeks, when the resin 
separates completely in combination with barium ; or by acidifying the ammoniacal 
solution with hydrochloric acid, quickly filtering off the resin mixed with some acid, 
and allowing the rest of the acid to separate spontaneously. 

ParaoxymetJiyl-salicylic acid, C®H®(OH)(COOH)(OH^OH) = (1 : 2 : 4), from para- 
aldehydosalicylie acid, crystallises from ether in long prisms containing 1 mol. water 
of crystallisation. It is sparingly soluble in water, more so in alcohol and ether. It 
decomposes at 160°, and is resinised by warm mineral acids. Permanganate solution 
converts this acid in the cold into a-oxyisophthalic acid ; when heated with potassium 
dichromate it is oxidised to para-aldehydosalicylic acid. 

Ortho-oxymetJiylsalicylic ojcid, C®B[®(OH)(COOH)(CH-OH) = (1:2: 6), is pre- 
cipitated as an oil, which solidifies to crystals, melting at 142°. A solution of this 
acid in water, especially in presence of free mineral acid, is resinised by heat. An 
ammoniacal solution of it, heated with potassic dichromate, gives again the corre- 
sponding aldehydo-acid. 

Ortho-oxymethyloxydmcylic acid (saligeninparacarbonsanre) : 

C®H3(0H)(C00H)(CH20H) = (1:4:6), 

obtained by reduction of ortho-aldehydo-oxydracylic acid, is much more stable than 
its isomerides, and does not melt at 270°. It is not coloured either by sulphuric acid 
or by ferric chloride. With the latter reagent its isomerides, mentioned above, give 
intense violet colours. 

OXYBUSgrZOXC AXiBEHVBSS or OXYBSN’ZA.XiBSSH'VBES, C^H®0- = 
OH.C^H^.COH. Two of these compounds, viz. salicy 1-aldehyde, [OH : COH = 

1 : 2], and paraoxybenzaldehyde, [1 : 4], produced simultaneously by the action 
of chloroform on a strongly alkaline solution of phenol, have already been described 
(p. 303). According to T. L. Phipson {Gompt. rend. Ixxxiv. 1034), when salicylic 
acid (1 gram) is heated with water (30-40 g.) and fuming nitric acid (5 c.c.) there is 
formed, together with nitro-salicylie acid, a very considerable quantity of salicyl- 
aldehyde due to the action of nitrous acid], which may be separated from the red 
liquid, after the nitrosalicylic acid has crystallised out, by agitation with ether 
Salicylaldehyde is also formed, together with nitrosalicylic acid, when salicylic acid is 
heated with a solution of potassium nitrite. 

On the conversion of Salicylaldehyde into Coimaric Acid and Gonmarin, see 
pp. 574, 575. 

Paraoxybenzaldehyde, C®.COH.H.H.OH.H2. — The following derivatives of 
this compound have been prepared and examined by Herzfeld {Ber. x. 1267, 2196) : 

Chloroyaraoxyhmzaldehyde, C®H®Cl(OH)(COH), is formed in theoretical quantity 
by passing chlorine gas over the dry oxyaldehyde, and crystallises in long silky 
needles, which melt at 148°“I49°, and are freely soluble in water, alcohol, and'^ ether. 
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With the alhalis it forms salts, which crystallise in long needles, and are soluble in 
water. It absorbs ammonia in the proportion of 1 ; 2 mois., and differs in this respect 
from paraoxybenzaldehyde, 1 mol. of which unites with 1 moL of The compound 
thus formed crystallises from absolute alcohol in beautiful needles. The aqueous 
solutions of paraoxybenzaldebyde and of its chlorine-compound gire a violet reaction 
with ferric chloride. 

The corresponding hromine-com'poimd^ C^H^Br.OH.COH (m. p. 179°)) is formed 
when the dilute alcoholic solution of paraoxybenzaldebyde is allowed to absorb bromine 
vapour. It resembles, in all respects, both the latter compound and its ehlorine- 
derivative, with the exception that its aqueous solution is not coloured by ferric 
chloride. 

The iodine-co/n^oimd, C^H^I.OH.COH (m. p. 198®), is formed hj heating the 
dilute alcoholic solution of paraoxybenzaldebyde with iodine for some hours. By the 
action of potassium hydrate at a high temperature (160'®-170®) upon this body, it is 
converted into protocatechuic acid. 

MtropaTaos^yhe§.zaldehpde, C®H^OH(NO“)COH, is formed by dropping strong nitric 
acid into a mixture of 3 pts. of paraoxybenzaldebyde with 20 pts. of strong sulphuric 
acid. On diluting with water it is deposited as a golden-yellow mass, w'hich crystal- 
lises in yellow needles from its aqueous solution. It melts at 139®-! 40°, dissolves 
easily in alcohol and benzene, sparingly in ether and chloroform, sublimes entirely on 
heating, and volatilises with steam. It forms a crystalline, sparingly soluble com- 
pound with acid sodium sulphite, aud produces a transient reddish coloration with 
ferric chloride. 

Paraoxybenzaldebyde absorbs 13-46 per cent. (=1 mol.) of dry ammonia gas, 
forming with it an oily body, which, on exposure to air, gradually gives off ammonia, 
and leaves the unaltered aldehyde. 

Salicylic aldehyde likewise absorbs 1 mol. of ammonia, forming a compound which 
is resolved by heat into water, ammonia, and hydrosalicylamide. 

Paraoxybenzaldebyde in ethereal solution reacts with aniline to form a pale-yellow 
crystalline body, which melts at 190®-191®, and dissolves easily in alcohol and ether, 
sparingly in benzene and chloroform. Prom the analysis of the body it appears to he 
formed by the following reaction : 

= Ci^HiiisO + H^O. 

Paraoxybenzaldebyde also unites with paratoluidine, with elimination of water, 
according to the equation : 

C’H®02 + C'H^X = + H^O. 

The product of the reaction is an orange-coloured body, which crystallises from its 
alcoholic solution in four-sided plates, melting at 213°. The inverse reaction is 
determined by boiling the compound with dilute acids or alkalis. 

Faraoxyhenzyl alcohol, C®H^(OH)CH“OH, is formed by the action of sodium- 
amalsam on paraoxybenzaldebyde. It is a solid crystalline substance, melting at 
197-5"°, soluble in water, alcohol, and ether, and sparingly in benzene and chloroform. 
It gives a transient blue coloration with ferric chloride, and is coloured brown by 
strong sulphuric adid. 

Hydroyaraoxyhenzdin, is produced on treating with sodium-amalgam a 

mixture of paraoxybenzaldebyde with more than 10 pts. of water. It is thrown down, 
on neutralising the liquid, as a white crystalline substance, melting at 222°, easily 
soluble in boiling water, less easily in alcohol, benzene, and chloroform. 

OXYBEKTSOTRlSUliPKOM'IC B.CZB, = 0®H(0BQ(S0^H)3C00H. 

Trisulyhoxyhenzoic acid.- This acid is prepared by heating a solution of 10 grams of 
benzoic acid in 20 grams of sulphuric acid, with 15 grams of phosphorus pentoxide 
and 20 grams of sulphur trioxide in sealed tubes at 250° for five hours. The contents 
of the tubes are boiled with water to expel sulphur dioxide, and the sulphuric and 
phosphoric acids are removed by the addition of calcium carbonate. To obtain the 
free acid, basic acetate of lead is added to the filtrate, and the precipitated lead salt 
decomposed by sulphuretted hydrogen, 

Trisulpho-oxybenzoic acid is a yellow syrupy hygroscopic liquid, which, after 
drying at 100°, has the composition C'H®S®0^2 + 4 b; 20, Both the acid and its salts 
produce, with a drop of ferric chloride, an intense carmine coloration, which disappears 
on the addition of sodium carbonate. 

The basic lead salt (G’HS30^-)-Pb5 -i- OH^O, forms white opaque needle-shaped 
crystals, which lose their water of crystallisation at 235°. By the partial de- 
composition of this compound with sulphuretted hydrogen the normal lead salt, 
+ 8H^O, is obtained. Basic yotassium trimlyho-oxyhenzoate. 
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C"HS® 0 ^ 2 ]g;a ^ 2H-0, crystallises in luonoclinic prisms ; the normal salt, + 

2H^O, separates out on addition of alcohol to trisulpho-oxybenzoic acid which has 
been nearly neutralised with potassium carbonate. 

The barium salt, C‘H'S®0^-Ba^ is decomposed by long- continued heating at 100°, 
or by boiling with barium carbonate, barium sulphate and barium disulpho-oxy- 
benzoate, (C'H®S^O®)-Ba3 •+• SH^O, ’being formed in the latter case. 

Trisulpho-oxybenzoic acid appears to be completely destroyed by fusion with 
potash, as only traces of pyrogallic and oxalic acids could be detected in the fused 
product. Attempts to replace the hydrogen in this acid by bromine were unsuccessful, 
the acid splitting up into monobromodisulpho- and dibromomonosulpho-benzoic acids 
(Kretschy, Ber, xi. 858). 

OXYBEBTZVX. AXiCOHOZ., C'H902 = C‘5H40H.OT-0H[0H : CH^OH^l : 3]. 
Be7i::yl Glycol (A. v. d. Velden, J. fr. Chem. [2], xv. 151). — This alcohol is formed, 
together with other products, by the action of sodium-amalgam on metaoxybenzoic 
acid in acid solution ; in alkaline solution no reduction takes place. To prepare it 
oxybenzoic acid in moderate quantity is covered with water in a fi 4 ?.t-bottomed flask, 
and about five times its quantity of 4 per cent, sodium-amalgam is gradually added, 
care being taken that the temperature of the mixture does not rise above 60°. When 
the action is over, the product is shaken up with ether, the residue left after evapora- 
tion of the ether is treated with water and calcium carbonate, and the filtered liquid is 
again exhausted with ether. The pure alcohol freed from the solvent by spontaneous 
evaporation, and left in a vacuum over sulphuric acid, solidifies gradually to a white 
crystalline mass. It melts at 67° ; boils, with partial decomposition, at about 300° ; 
dissolves slowly in^cold, easily in hot water, easily also in alcohol and ether, sparingly 
in chloroform. With oxidising agents (chromic acid, nitric acid, permanganate), it 
does not yield any definite products of oxidation ; melting potash converts it into 
weifa-oxybenzoic acid (m. p. 200°) ; alcoholic potash does not act upon it ; neither is 
it attacked by potassium or sodium. 

Oxybenzyl Acetates . — The normal ether, C^H'^OH.CH-.OC^H^O, is obtained by 
the action of glacial acetic acid and sulphuric acid on oxybenzyl alcohol, as an oil 
which solidifies on drying to a radiate yellow mass. It has a pleasant aromatic odour, 
melts at 55°, and boils with partial decomposition at 296°-302°. It is insoluble in 
water, but dissolves readily in alcohol and ether, and, like the alcohol, gives a violet- 
blue coloration with ferric eliloride. 

The acid acetate, 0®H‘*(0C^H®0).CH-.0G“H^0, is obtained by heating the alcohol 
to 160° with excess of acetic anhydride, as a liquid which solidifies at - 18°. It has 
a pungent odour, boils at about 290°, is insoluble in water, but dissolves in alcohol 
and ether. 

Para-oxybenzyl alcohol, [OH: CH=OH=l : 4], formed by the action of 
sodium-amalgam on paraoxybenzaldehyde, is a solid body, melting at 197*5°, soluble 
in water, alcohol, and ether, sparingly soluble in benzene and chloroform ; gives a 
violet-blue colour with ferric chloride. 


ACIDS, - Cm\OE.).OOm. The normal acid, 

Oil-OH.CH.'.CH2.COOH, is formed by heating succinic aldehyde with water and lime 
or baryta : 

COH.CH2.CH2COH + H^O = CH-OH.CH^.CH^.COOH. 


It is crystalline ; forms deliquescent calcium and barium salts ; is converted by oxida- 
tion into succinic acid (A. Saytzeff, Ber. vi. 1255). 

On a- Oxybutyric Acid, see p. 364. 


n {Ylpi), is formed by oxidation 

of aldol, CH .OII(OH).OH".CHO, with moist silver oxide. Its zinc salt is easily 
soluble in water and in alcohol, and crystallises indistinctly ; its barium salt also dis- 
solves easily in water and in alcohol, hnt is nncrystalli sable, and is precipitated by 
ether from its alcohoHc solution in flocks ; the sodium salt crystallises from solution 
m alccmol (Wurtz, Compt. rend. Ixxvi. 1165). The same acid is formed by saponifica- 
tion of the ethyl salt of the chlorobutyric acid obtained by nassing chlorine into 
fermentation butyric acid (Balbiano, Gazz. chim. ital. 1878, 90).‘ 

a.~OmsobutynG amd, (CH^)-COH.COOH, originally produced by the action of 
moist silver oxide on bromisobutyric acid, and by that of hydrocyanic and hydrochloric 
formed by the action of the same acids on propionic 
aldehyde (p. 364), and by boiling a solution of /3-oxyisopyrotartaric acid neutralised 
with baryta-water (Demar 9 ay, Compt. rend. Ixxxii. 1337) : 


CH2(OH)^^^COOH “ (CHs)2C(OH).COOH + OO*. 
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It appears also to be contained in the mother-liquors of the preparation of iS-isopyro- 
tartaric or dunethylmalonic acid (p. 1259). 

OXTCAIMCFHXC £ LCXT >, See Camphic Acid (p. 372). 

OXTCAMPHOSOKrZC ACXB, (vii. 238). On the crystalline form 

of this acid, see V. t, Zepharovich {Wien. Al^ad. Bet, ixxiii. 1 Abth ; Zeitschr. Kryst. 
i. 220; Jahresb.f. Ghein. 1877, 610). 

OXTCA.BKOXC .a.CXB, An acid of this composition, probably 

CH®.CH".GH".CH-.CHOH.COOH, obtained by oxidation of fermentation caproic acid, 
crystallises in laminse melting at 57°. Its silver, zinc, cadmium, and barium salts 
are yery slightly soluble, and are deposited from their solutions in the amorphous 
state. By oxidation, it yields carbon dioxide, a valeric acid, and an aldehyde (N. Ley, 
Ber. X. 230). See also Ledcic Acm (p. 1179). 

OXirCABBAirXXf, COrzhT.C^H^OH, is formed, together with alcohol, by heat- 
ing metaoxyphenylurethane to 200° ; 

C^H40H.KH.G0.0C2H® = C^H^OH + C«H^OH).N=GO. 


It crystallises from water in needles having a faint red colour ; melts at 136°-138°; 
dissolves more freely in alcohol than in ether, easily in alhaline liquids ; the solution 
in potash blackens when boiled. The compound is not attacked by ammonia or 
hydrochloric acid. The silver salt, COzz:]!7.G®H'*.OAg, is a precipitate resembling 
silver chloride. Oxycarbanil ‘is not attacked by gaseous or alcoholic ammonia, but 
when heated to 160° with aqueous ammonia it is decomposed, with formation of 
amidophenol (Groenock, JB&r. ix, 1654), 


OXYCHOX.XSSTBIO'XC or OXYCHOIiBSTEBIC iLCXX», A 

monobasic acid formed, together with cholestenic acid, also monobasic, and 

dioxycholestenic acid, bibasic, by oxidation of cholesterin with permanganate (p. 455). 


OX'S'CHR'srSiiZX^Nr, = C^‘‘H®(OH)®0® See Antheaquinoxes (Teioxy-), 

(p. 113). 


OXYCZIfCHOMBXOZa’XC B.CXB, 
oxTczzsrcBOiNrxiarB, G^oh^^nsq^. 


tSee 


Cinchonine (p. 483). 


OXTCXTXtiLCOSriC B.CIB, C^H^O®. See Citeig Acids (Pyeo-), (p. 515). 
OXTCXTBXC ACZB, See Citeic Acid (p. 510). 


OXYCOXiOPBTBAXiZXflr, A product of oxidation of colophthalin, 

a hydrocarbon found by P. Curie {Chem. News, xxx. 189) among the products 
of the dry distillation of colophony. 

.CHzrCH~CO 

OXYCOtnvtAXXW, C®H°0®=C®H®(OH)^ | . The aoetyl-derivative 


of this compound, C^H®(OG"H®0)<[^ 


^CHxzCH-~CO 


, is formed on heating resorcyl- 


aldehyde, C®H®(OH)2COH, with 1 pt. sodium acetate and 3 to 5 pts. acetic anhydride. 
It crystallises from water in large faintly yellow prisms melting at 140° ; distils 
undecomposed ; dissolves but sparingly in water even when hot, easily in alcohol and 
in ether. The aqueous solution exhibits a splendid blue fluorescence, but does not 
give any colour-reaction with ferric chloride. It is not attacked by alkalis or alkaline 
carbonates in the cold, but dissolves when heated, forming a solution from which ether 
extracts oxycoumarin. This substance, after puriflcation, crystallises in small 
white needles, which dissolve in water (the solution is coloured brown-red by ferric 
chloride), and decompose without melting at 200°. 

Oxycoumarin and its acetyl-derivative have the same composition as ^-amhelliferone 
and jS-acetyl-umbelliferone ; but whether they are identical with these latter is a 
point not yet determined (Tiemann a. Lewy, Ber. x. 2210). 


OXYBZBEN'ZirX.SUZ.PHOia'XC ACXB, O^^H*®(OH)(SO®H), is obtained by 
fusing potassium diben 2 ylsnlphonate (p. 322) with potash, and precipitating the solu- 
tion of the melt with hydrochloric acid (Kade, Ber. vi. 953). 


OXY-BXXMXBO-BXAiaXBO-BXZSiiTm, Gi®H«(NH:)2(NH2)2N20®. See 
ISATIN (p. 1125). 

OXYFX.irOBESGEXM' and OXYGilX.XiBXB'. See Oxyphthaxig Acid under 
Phthalic Acids. 
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OXTGSXflT. On the Molecular Relations of Osygen, see G-ases (p. 848). On its 
BifPiision Relations (pp. 848, 850). Transpiration and Friction-coefficient (pp. 851, 
852). Compressibility and Beviation from the Boyle-Mariotte Law (p. 856). Lique- 
faction and Solidification (p. 857). 

On the influence of the position of the Oxygen-atom on the Boiling Point of 
Oxygenated Carbon-compounds, see Heat (p. 945). 

On the Heat of Combination of Oxygen with other Elements, see Heat (pp. 952- 
961). 

On the quantities of Oxygen consumed in the Imperfect Combustion of Gases and 
Gaseous Mixtures, see Chemical Action (pp. 430-436). 

OcGitrrence in the Sun. — The presence of oxygen in the sun has been discovered by 
H. Draper (Sill, Am. J. [3], xiv. 89), by the appearance of bright lines in the solar 
spectrum coinciding with those of incandescent oxygen. The brightness of these lines 
is attributed by Draper to the very great thickness of the incandescent gas-stratum of 
the sun, which may reverse the effect of the photosphere. J. 0. Draper, on the other 
hand {ibid. xvl. 256), has shown, by means of a diffraction-spect/iim, that the solar 
spectrum contains numerous very fine dark lines coinciding with the bright lines of 
the oxygen spectrum and extending to the ultra-violet. 

Preparation. — In preparing oxygen from potassium chlorate, it is advantageous, 
according to J. Lowe (JDingl. 'pol. J, cexiii. 533), to mix the chlorate with about an 
equal weight of recently ignited ferric oxide {Caput mortmim) instead of cupric oxide 
or manganese dioxide. Previous fusion of the chlorate is also to be recommended. 

On the preparation of Oxygen, see also S. Zinno {Chem. News, xxxvi. 168). 

On the Evolution and Absorption of Oxygen by Plants, see Plants. 

On the Relative Affinities of Oxygen and Sulphur for Metals, see Sulphur. 

Peaetion with Sodium Hyposulphite and with Cuprous Oa^fde.-^-When a solution of 
sodium hyposulphite, Na-SO-, is added to aerated water tinted with indigo, the indigo 
is decolorised when a quantity of the liquid has been added sufficient to consume just 
half the oxygen present. The liquid thus decolorised becomes blue again under the 
influence of the slightest trace of free oxygen, and the gases extracted from it by 
ebullition or by the mercurial pump consist of nitrogen and carbon dioxide without 
appreciable traces of oxygen. 

If an excess of a colourless solution of ammoniacal cuprous chloride is added to 
aerated water, the liquid becomes blue, and on titrating by means of hyposulphite the 
cupric oxide which has been formed, its amount is found to be equivalent to half that 
of the dissolved oxygen. Certain reducing agents, notably sodium hyposulphite and 
ammoniacal cuprous chloride in presence of oxygen dissolved in water, divide the 
oxygen into two equal parts, one of which acts upon the reducing agent itself, the 
other remaining disguised in the liquid. The oxygen which thus disappears probably 
unites with the water, forming hydrogen peroxide. It becomes free again on heating 
the liquid. Stannite of sodium, however, removes the whole of the dissolved oxygen 
(Schiitzenberger a. Risler, Compt. rend. Ixxvi. 1214). 

Estimation. — On the estimation of Free Oxygen in Water and in Blood by 
means of the Hyposulphite reaction above described, see Blood (vii. 200) ,* also Chem. 
Soc. J. 1873, 936. Remarks thereon by Honig a. Mutschler (Ber. x. 2017 ; Jahresh. 
f. Chem. 1877, 1035). 

On the estimation of Oxygen in Water, see also Endemann {Amer. Chem. v. 9), 
and H. Wurtz (ibid. 10); also Jahresh. f. Che^n. 1874, 963 ; further, Amer. Chem. v. 
237, 364. 

On the estimation of the total amount of Oxygen in Commercial Copper, see 
Copper (p. 561). 

On the direct estimation of Oxygen in Organic Compounds, see Organic Analysis 
(p. 1445). 

OXlTHJaBMOGXiOBXza'. From recent experiments by Hoppe-Seyler {Zeitschr. 
physiol. Chem. i. 396), it appears that this substance, when treated in aqueous solution 
with palladium-hydrogen, in a vessel from which the air is excluded, is completely 
converted into methsemoglobin. This latter must therefore contain less oxygen than 
oxyhsemoglobin and cannot be a peroxyhsemoglobin, as supposed by Jaderholm 
(p. 920). Methaemoglobin is converted by putrefaction, in the absence of oxygen, 
into hsemoglobin, which by cautious treatment may be converted into oxyhsemoglobin, 
and more readily into carbonyl-hsemoglobin. 

OXITHBPTZC a.CID, C^H^^O^. See Heptic Acid (p. 1020). 

OXYHBPTOXC JLCZB, C’Hi^O*. See (Enanthylic Acid (p. 1427), 

OXTXSOBtTT'Smxc ACXB. See Oxybutyeic Acids (p. 1468). 
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OX7XSOB3CXrAPHTKirXi, See Naphthtl-cosepounds. 

OX'SrXSOX.BPZBXZr, See Lepidin (p. 1177). 

OX'TXSOPHTHAZiZC ACZB. See Oxyphthaltc Acid, under Phthalic Acids. 

OXTZSOXITZ.BXS'E QUXSroxO'E. See Xylene quinones. 

OXTITACOK-IC ACl»,C“ffO^ = HO.HC=C!<;]^2:cb2H‘ produced, 

togetlier with formic acid, by the action of boiling baryta-water on aconic acid 
(vii. 22). 

OXXXETOZO'ES. The introduction of an acid radicle into the hydroxyl-gronp 
of phenol gives rise to a body which is capable of reacting further with an acid 
chloride to form the ether of an oxyketone. Thus, for instance, the introduction of 
the benzoyl-radicle into phenol produces phenyl benzoate, and this substance reacts 
with benzoyl chloride and zinc chloride in such a manner as to form benzoyl-phenyl 
benzoate, C®II^.CO.O.C^H‘‘.CO(C®H^) (Doebner, Ber. x. 1968). 

In like manner, the action of zinc chloride on a mixture of benzoyl chloride and 
resorcinol produces two benzoresorcinols, C®H^CO.C®H®(OH)“and ( C®H®. C0)^0®H^ OH)^ 
which, by the further action of benzoyl chloride, are converted into dibenzoates 
(Doebner a. Stackmann, Ber. xi. 2268). See Eesorcinol. 

OXYX.EPXBXl«rS, and See Lepidin (pp. 1173, 1176). 

O’SnritEtJCii'PXN', A constituent of Goto bark (p. 574). 

OXYlMtAEEXC ACXB. Syn. with Hydroxymaleic acid, C^H®(0H)0®. See 
Maleic Acid (p. 1256). 

OXirMAZiOlcrxc ACXB. Syn. with Hydroxymalonic acid, C^H*(0H)0^ See 
Malonic Acid (p. 1260). 

OXYMESXTTZiElO'XC ACXB, appears to be formed, together with 

mesitol (p. 1282), by fusing potassium mesitylenesidphonate with potassium hydroxide 
(Biedermann a. Ledoux, Ber. viii. 57). 

OXYMETHAiarESirXiPKOErXC ACXB, CH^SO^ = CH2(OH).SO®H. Methyl- 
isethiomc acid (Max Muller, Ber. vi. 1031). This acid, metameric with methylsulphuric 
acid, (CH®)HSO^ or SO-(OCH2)(OH), is obtained by distilling sulphuric anhydride 
(2 mol.) into a well-cooled mixture of methyl alcohol (1 mol.) with a large quantity of 
concentrated sulphuric acid. The resulting liquid is diluted .with water, boiled for some 
hours and neutralised with lead carbonate, the lead is removed by hydrogen sulphide, 
and then filtered, and the filtrate neutralised with potassium carbonate. By repeated 
crystallisation, the pure potassium salt is obtained in large anhydrous orthorhombic 
crystals moderately soluble in water, insoluble in alcohol. The barium salt forms 
small limpid plates ; the ammonium salt, small easily soluble needles. The free acid, 
as well as its salts, is very stable, not being decomposed by boiling with water or with 
concentrated acids. 

Oxymethanedisidphonic acid, OH(OH)(SO®E)2, is formed bypassing the 
vapour of sulphuric anhydride into pure methyl alcohol. The action is very violent, the 
liquid blackening and giving off sulphur dioxide, even when it is well cooled with a freez- 
ing mixture. When the liquid in the receiver is so far supersaturated with sulphuric 
anhydride as to give off thick fumes, it is to be treated in the manner above described 
for the preparation of oxymethanemonosulphonic acid. The product is a dark-coloured 
potassium salt, vrhich may be freed from colouring matters by digestion with boiling 
alcohol of 40 per cent, and obtained by crystallisation from hot water in concentric 
groups of needles. The barium salt is produced by mixing a dilute solution (1 : 80) 
of the potassium salt with barium chloride, and separates after a while in small well- 
formed needles. Both the acid and its salts are as stable as the oxymethanemono- 
sulphonates. The disulphonic acid may also be prepared by heating potassium 
oxymethanemcnosulphonate for four or five hours with fuming sulphuric acid. 

Oxymethanetrisulphonic acid, C(OH)(SO®H)®. Metliyl-alkoholtrisidfosaure 
(Albrecht, lAeUg's Annale7i, clxi. 129). The potassium salt of this acid is obtained by 
dropping bromine into a warm solution of potassium methylmercaptan-trisulphonate 
till the liquid exhibits a faint yellowish colour : 

CSH(S03X)» + SBr -h 5^0 = 8HBr + H^SO^ + OOE(SO^Ky. 

The salt then separates in beautiful needles, which, after recrystallisation and drying, 
have the composition COH(SO^K)® + H-0. By slow crystallisation it is obtained in 
fine monoclinic strongly refracting prisms. It dissolves in 81 pts, of water at 21°. 
ThQ free acid, obtained by precipitating the solution of the potassium salt with basic 
lead acetate, and decomposing the precipitate with hydrogen sulphide, dries up on 
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evaporation in a vacuum to a deliquescent crystalline mass. It does not give any 
colour-reaction with ferric chloride. The ammonium salt, COH(SO®NH^)®, prepared 
by neutralisation, forms thin tabular anhydrous crystals immediately soluble in water. 
The hatkm salt, [COH(SO^)®]-Ba® 4- 8H-0, is precipitated by barium chloride from a 
hot aqueous solution of the potassium salt in nacreous laminae, dissolves in a very 
large quantity of water, and crystallises therefrom in small shining needles. The co^- 
salt is less characteristic. A-hasic mercuric salt, [COH(SO^)^]^Hg®.3HgO + loH-O, 
is obtained by dissolving moist mercuric oxide in the free acid. The silver salt, 
COH(SO®Ag)® + H-0, crystallises in tufts of needles, easily soluble in warm water. A 
plumhiferous ^potassium salt, ohtshi&di by evaporating the liquid remaining over the 
precipitate formed on mixing a solution of potassium osymethanetrisulphonate with 
normal lead acetate, was found to have the composition 4COH(SO''*K)’ + 
[CO(SO®K)®]^Pb -H 6H“0®. A double salt of lead oxymetkanetrisulphonate with lead 
acetate, [COH(SO®)®]2Pb® + (C-H®02)2Pb -1- 8H‘0, is obtained in efflorescent tabular 
crystals when the precipitate formed on adding basic lead acetate to the solution of 
the potassium salt is dissolved in dilute acetic acid, and the solution is left to evapo- 
rate. It is decomposed by boiling water, with formation of lead sidphate. 

OXYMETBirXiBSXrZOXC ACXB, G®Hs0s = C«H^(0H20H)000H (J. Hessert, 
Ber, X. 1445 ; xi. 237). This acid is formed by the action of alkalis or alkaline car- 
bonates on p h th all d e, which is its anhydride. 

It is much less soluble in cold water than phthalide, but dissolves easily in alcohol 
and ether. It melts at 118°, giving up 1 mol. water, and being reconverted into 
phthalide ; the same change takes place also on boiling the acid with water. It is a 
well-defined monobasic acid, reddens litmus strongly, and dissolves with effervescence 
in alkaline carbonates. Its salts are all soluble in water ; those of the alkaline earths 
dissolve in very small quantities of water and of alcohol, but are not deliquescent. 
The silver salt,^ C®JS'‘(^fi20H)(C00Ag), obtained by the action of the acid on recently 
precipitated silver oxide, crystallises from aqueous solution in small octohedrons. 
The lead salt is decomposed by water. 

OXTZVKBTHYXiOXYSSXirZOXC JLCXBS, C«H2(0H)(CH‘-20H)(C00H). The 
modifications 1 : 2 .* 4, 1 : 2 : 6, and 1 : 4 : 6 of these acids are obtained, as already 
described, by reduction of para-aldehydo-salicylic, ortho-aldehydo-salicylic, and 
ortho-aldehydo-paraoxybenzoic acids respectively (see Axdehydo-oxtbenzoic 
ACIDS (p. 1465). 

OXYlffAPHTHAIiEIirE, OXYIVAPHTHOZC ACXBS, OXYWAPK- 
TBOXi, OXYBAPHTKAqxrmoirE. See Naphthalene, &c. 

OXTOEtrillWE, C^H"N02. Syn. with Betaine (pp. 323, 880). 

OXYPAXACOErXC ACXB, C-H«0^ The calcium salt of this acid is formed, 
together with calcium itatartrate, when a solution of chloritamalic acid neutralised 
with calcium carbonate is heated for some time to the boiling point. See Citric acids 
(Pyro-), p. 518. 

OXYPEtrCEDAETZlor. See Pettcedanin. 

OXYPBEinrEACETXC ACXB, CH2(OC«Hs).COOH. PW- 

oxaceiic or BhenyUglycollw acid. — This acid, which Heintz obtained as a sodium salt 
by heating sodium phenate with chloracetic acid (p. 918), is converted by heating 
with alcohol into an ethyl salt, CH''(OC‘*H5).0O-C2H5, which boils at 251°, and yields 
the corresponding amide when treated with aqueous ammonia. The calcium salt 
yields by dry distillation a liquid of high boiling point. Cold strong nitric acid con- 
verts oxyphenylaeetie acid into the dinitro -derivative, C®H®(N02)''^0.CH^.C00H. The 
mononitro-derimtive, obtained by the action of sodium monochloracetate on sodium 
nitrophenol (prepared from volatile nitrophenol), melts at 153'^, and volatilises easily 
with vapour of water (P. Pritzsche, J. ^r. Che 7 n. [2], xix. 33). 

OXYPHEETYXiPKTHAEXlMCXBE or OXYPHTKAEAlSriE, 

i:x(CO)2i::rC®H^ formed by heating 1 mol. orthamidophenol and 1 mol. 
phthalic anhydride for some time to about 220°, and may be purified by exhausting 
the solidified and pulverised mass with boiling alcohol, and recrystallising the crystals 
which separate on cooling, several times from boiling alcohol, with addition of animal 
charcoal. It is thus obtained in prisms having a faint yellow colour, melting at 220°, 
easily soluble in alcohol and in toluene, especially when heated ; it dissolves also on 
heating with alkalis and alkaline carbonates, forming salts of oxyphthalanilic 
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acid, C®H^(OH).NH.CO.C«mCOOH. The so^urn salt of this acid, 
crystallises from water in fine needles. The acid itself, obtained by decomposing the 
salt with dilute hydrochloric acid, and recrystaliising the resulting precipitate from 
alcohol, forms prisms melting at 223°. Corresponding deriratives of paramidophenol 
have not been obtained (Ladenburg, Ber, ix. 1524). 

OXYPHEXYlTHlOGja-RBIiaiBE, G«H\OH).NCS, is obtained by boiling 
an alcoholic solution of orthamidophenol with carbon disulphide in a stream of hydro- 
gen, as long as hydrogen sulphide continues to be evolved : 

C«HXOH)(NH2) + 0S2 = ms + C«H^(OH).KCS. 

The product freed from alcohol by slow evaporation deposits the thiocarbimide in 
yellowish-grey crystalline crusts, and on recrystaliising these from alcohol and 
boiling water, it is obtained in broad nearly colourless needles melting at 196°. It 
does not volatilise with aqueous vapour, but carbonises when heated above its 
melting point. It dissolves readily in ammonia, and crystallises therefrom unaltered. 

Silver nitrate added to the ammoniaeal solution throws down white flocks which do 
not blacken on boiling. Oxyphenylthiocarbamide is decomposed by boiling aniline 
with formation of hydrogen sulphide, and by hydrochloric acid at 170° into carbon 
dioxide, hydrogen sidphide, and amidophenol (J. Dunner, Ber, ix. 465). 

OXTPHTHAXiXC iLCXB. See Phthalic acids. 

OK'KPHTBB.XiYXi-PilBAiaXBOBSISrZOXC ACXB, 

formed by oxidation of paratolylphthalimide, 

C®H^(CH®) — C®H^<^qq^NH, with permanganate, is nearly insoluble in water, melts 

with decomposition at 275°“277°, and is converted by heating with hydrochloric 
into paramidobenzoic acid (A. Michael, Ber, x. 576). 

OXTPBOPAlirE-SUX.PHOSrzc ACIB, C®H®(0H)(S03H) (Max Muller, Ber, 
vi. 1441). This acid admits of five modifications, three derived from normal and three 
from pseudopropyl alcohol, viz. : 

CH2(S0*H).CH2.CH20H 

CH^.CH.(SO^H).CH”OB[ - from normal Propyl Alcohol. 

OB[^OH2CH(S03H)OH 

1 ftomPsendopropyl Alcotol. 

Only one of these is however knovm, and is obtained by the three following pro- 
cesses : (1). By passing the vapour of sulphuric anhydride into normal propyl alcohol 
till the liquid begins to fume in the air, and treating the product in the manner 
already described for the preparation of oxymethanesulphonic acid (p. 3471). The 
salts of the acid thus obtained do not crystallise from aqueous solution, and they are 
so little soluble in hot absolute alcohol that only very small quantities can be crystal- 
lised therefrom ; the potassium salt may however be readily crystallised in small 
needles by heating it with alcohol under pressure at about 140°. (2). By boiling 

allyl alcohol (h. p. 92°) with a concentrated solution of acid potassium sulphite, 
mixing the solution with a large excess of sulphuric acid, precipitating -with alcohol 
(20 vols.), and treating the residue left on evaporating the alcoholic filtrate in the 
manner above mentioned: C^H®0 -{-SO^H“ = C®H®(OH)(SO®H). (3). Acrolein, 

CH^inCH— CHO, treated with excess of acid sodium sulphite, is converted into the oxy- 
disulphonicacid,CH^CH(S03H).CH(OH)(S03H)orCH>(SOm).CH2-^OH(OH)(SO^H), 
which when decomposed yields sulphur dioxide, water, and an aeroleinsulphonic acid, 
either CHs.CH(SO^H).CHO or CH‘(S03H:).GH2 OHO, and this when heated with 
sodium-amalgam takes up 2 at. hydrogen, and is converted into oxypropane-sulphonic 
acid, GH3.GH(S03H).GH20E or GH2(S03H).GH2.CH20H. 

OXVPBOBYXiBBM'ZOZC ACXB, = G®HXC®B[®OH).COOH (R. Meyer, 

Ber. xi. 1283). This acid is formed, together with a small quantity of terephthalic 
acid, by oxidising cumic acid, G®H-*_(C^H^).CO=H, dissolved in caustic soda with potas- 
sium permanganate. It is soluble in hot water, and separates from a strong aqueous 
solution in dendritic crystals, from a dilute solution in long thin prisms. It is very 
soluble in alcohol and ether, melts at 155°-156°, and sublimes with partial decom- 
position. Its ammonium salt is soluble, and its neutral solution gives no reaction 
wdth ferric chloride. The oofper salt is obtained first as a bright blue amorphous 
precipitate, which on standing becomes crystalline. The lead salt is obtained as a 
white amorphous precipitate, which melts in boiling water. ^ The silver salt, 
C^°H*^AgO®, is a white crystalline body, not easily acted on by light ; and may be 
crystallised from hot waiter in beautiful, shining transparent, rhombic plates, 

Yot.. Yin. 0 C 
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By oxidation with chiomie acid mixture, oxypropylbenzoic acid is converted into 
terephthalie acid: 

0®HXC^H«.0H).C03H + 0® = C^K^OOmf + 2C0- + SH^O. 

OXTFUUP'D'RIM'- See Ptteptjbin. 

OXYPTOOTARTARIC ACZB. See P^botabtaeic acid. 

OXYSABICY1.IC AciB, [co^h : oh : oh=i : 2 : s]. 

See p. 289. The so-called ffentido acid, obtained by Hlasiwetz a. Habermann from 
gentisin, the colouring matter of gentian root, by the action of melting potash, and at 
first supposed by them to be a dioxybenzoic acid different from the fonr previously 
known (p. 860), has been shown by subsequent experiments to be identical with oxy 
salicylic acid. Pyro^entisic acid, obtained by heating gentisic acid, and 

originally supposed to be a fourth modification of dihydroxybenzene, is now found tube 
identical with hydroquinone (Hlasiwetz a. Habermann, Liebigs Annalen, clxxx. 343). 

OXYSUCCIWYli-PARAMlBOBEWZOIC ACZB, C”H‘‘NO= = 
C®H‘‘(C02H).NH(C0.C-H^.C0“H), is formed by the action of potasdum permanganate 
on paratolylsuecinimide, C®H-‘(CH=^).lSf(CO.C2H^.OO), and crystallises in yellowish 
needles, melting at 225°-226°, sparingly soluble in cold, freely in hot water, mode- 
rately soluble in cold, very easily in hot alcohol. When boiled vrith hydrochloric 
acid, it yields paramidobenzoieacid. The amTmnium salt is moderately soluble ; 
the barium salt is less soluble, and crystallises from hot water in laminse. The lead 
salt is a white, the copper salt a blue precipitate, both soluble in hot water. The 
diver salt, C^^H^Ag^jSfO®, is a white flocculent precipitate. Orthotolylsuccinimide 
does not yield an acid by oxidation (A. Michael, Ber. x. 576). 

OXYSUXiPBOBEia*ZZBE, C‘=^ff®SO^ = (C°H^OH)2SO-. This compound, pro- 
duced by the action of strong sulphuric acid on crystallised phenol, was discovered in 
1867 by G-lutz (vi. 894), and its methyl-, ethyl-, and amyl-derivatives, also its tetra- 
chloro-derivative, were obtained in 1870 by Annaheim (vii. 886), who has since dis- 
covered and examined a large number of other derivatives (Ber. vi. 1206 ; viii. 1059 ; 
ix. 79 ; xi. 1668 ; Liebig's Annalen, clxxii. 28). 

Preparation. — The best yield of oxysulphobenzide is obtained by heating two parts 
of pure phenol and one part of fuming sulphuric acid for 3-5 hours to 180°“190°. 

2(C®H^OH) -i- H^SO^ = ^0%C^mOEf + 2E^O. 

The product is purified by pouring the warm mass slowly into cold water and 
triturating it to convert it into a crystalline mass. The oxysulphobenzide thus ob- 
tained amounts to 63*5 per cent, of the weight of the phenol, and the mother-liquor 
contains only paraphenolsulphonic acid. If more sulphuric acid be used than is 
indicated by the above equation, much less oxysulphobenzide, or none at all, is 
obtained, because sulphuric acid readily acts on this compound at a high temperature. 
Thus when it is heated with an excess of common sulphuric acid for an hour or two 
to 180°-190°, paraphenolsulphonic and disulphonic acids are produced, while by 
treating it at the same temperature with three times its weight of fuming sulphuric 
acid, a mixture of di- and trisul phonic acids is formed. 

The crude oxysulphobenzide is purified by boiling it with water, which leaves a 
red oil ; the crystals separating from the filtrate are again treated in the same way, 
and then recrystallised, first from a small quantity of boiling alcohol, then from water, 
whereby the compound is obtained in perfectly white glistening needles, melting at 293°. 

Crystallisation. — To obtain measurable crystals, pure oxysulphobenzide is dissolved 
in a beaker nearly to saturation in glacial acetic acid at the boiling heat ; the solution, 
without filtering, is immediately placed over a water-bath heated to 100°, a second 
beaker is inverted over it, and the whole is covered with a cloth and left for twenty- 
four hours. The crystals, 2^ cm. long, thus obtained are orthorhombic, and exhibit 
the combination oo? co . ooP2 . OP . P. Axes a\b\ c= 1*2829 : 1 : 0*53419. Sp. 
gr. = 1*3663 at 15°, whence molecular volume — 182*9 (Annaheim). 

Oxidation. — Oxysulphobenzide is completely oxidised by potassium permanganate, 
yielding the potassium salt, (C®H^0K)2S0^ together with sulphate and oxalate. 
Potassium-oxysulphobenzide is soluble in alcohol, yielding an alkaline solution from 
which hydrochloric acid separates the oxysulphobenzide in a mass of shining crystals. 
If the quantity of permanganate used is insufficient to oxidise the whole of the oxy- 
sulphohenzide, part of the latter remains unattacked, and the rest is completely 
oxidised to sulphuric, oxalic, and carbonic acids, without formation of intermediate 
products (G-uareschi, Gazz. chim. ital. 1878, 246). 

Tetrachlor oxysulphobenzide, S02[C®H20P(0H)]2, is produced, together with 
chloranil and other quinones,by adding to a mixture of 1 pt. of oxysulphobenzide and 
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2 pts. of potassium chlorate, 120-150 times its weight of hydrochloric acid. The 
product is washed with cold and warm water and cold alcohol, the residue dissolved 
in boiling alcohol, and an equal volume of boiling water added ; on cooling, long 
white needles separate out, winch are purified by recrystallisation. From strong 
alcohol the compound crystallises in large nacreous prisms melting at 288°-289°. It 
is insoluble in water, sparingly soluble in cold alcohol, freely in boiling alcohol, 
benzene, and ether. It combines with alhalis and decomposes carbonates 

Tetrabromoxysulphohensidei [C°H'Br'(OB[ )] -, may be obtained by the 
action of mercuric oxide and bromine on oxysulphobenzide in presence of water, but is 
best prepared by dissolving oxysulphobenzide in an excess of bromine and evaporating 
the solution on a water- bath. It crystallises from hot alcohol in short thick mono- 
clinic prisms melting at 278°-279®, and dissolves readily in boiling amyl alcohol, in 
caustic alkalis and in alkaline carbonates, forming salts which do not crystallise. 

Tetriodoxysuljphohenzide^ SO‘‘‘'[C®H“P(OH)]-, is produced by dissolving 12*5 
pts. of oxysulphobenzide and 51 of iodine in alcohol, and aMing 30 of freshly prepared 
mercuric oxide. The product, after being washed with alcohol and ether, is boiled 
with water and po^ssium carbonate, and the solution is precipitated with hydrochloric 
acid. It is insoluble in water, cold alcohol, ether, benzene, carbon sulphide, and 
chloroform, almost insoluble in boiling alcohol and glacial acetic acid, separating from 
these solutions iu microscopic needles melting at 260®-270®. 

Methyloaysul'yhohenzide, SO-(C®H'‘OCH^)^ is prepared by boiling an alcoholic 
solution of oxysniphobenzide, potash, and methyl iodide. It is insoluble in water 
and caustic alkalis, sparingly soluble in cold, and freely in boiling alcohol, crystallis- 
ing on quick cooling, in thin square plates, and on slow evaporation in flat prisms, 
melting at 130®, and subliming when more strongly heated. On dissolving it in hot 
sulphuric acid, it yields a mono- and a di-sulphonic acid. The barium salt of the latter 
forms colourless, tran'^parent, monoclinie crystals, resembling felspar, and consisting of 
C®H®(OOH^)(SO^)“Ba -h 4H-0. The calcium salt contains also 4 mols. water, and 
crystallises in long, white glistening needles. Methyloxysnlphobenzide is identical 
with Cahours’ sulphamsoUde, obtained by the action of sulphuric acid on anisol. 

Dibro^nomethyloxymlphohenzide, SO-(C®H^BrOCH^)“, is obtained by adding the 
required quantity of bromine to the methyl-compoimd. It is insoluble in water and 
alkalis, sparingly soluble in cold, and readily in boiling alcohol, crystallising in 
beautifully white, small plates, which melt at 1 66®. 

Binitramethyloxysulphobenzide, SO-[C^'H®(NO-)OOH^]^ is readily formed by dis- 
solving the dry methyl-ether in fuming nitric acid. It is insoluble in water, cold 
alcohol, ether, and benzene, almost insoluble in boiling alcohol, and sparingly soluble 
in boiling glacial acetic acid, from which it crystallises in microscopic prisms melting 
at 214®-215®. By the action of phosphorus iodide and water, it is reduced to the 
corresponding diamido-compound. 

EthyloxysulphoheTizide, S02(C®H^0C“H^)^ dissolves readily only in ether and 
boiling alcohol, and crystallises in glistening small quadratic plates, melting at 169®. 

Bihro-methyloxysulphobenzide^ SO^C^H^BrOC-H®)^, resembles the corresponding 
methyl-compound, and forms plates melting at 183®. 

Binitroethyloxysulphobenzide, SO“[C®H3(IIO-)OC-H®]% crystallises from alcohol in 
large shining plates, or fine needles, melting at 192®. By reducing it with phosphorus 
iodide and water, diam^doetbiyloxysiLlphohenzide hydriodide, -H 

2HI, is formed, crystallising from water or alcohol in yellowish needles. From its 
solution alkalis precipitate the base as a crystalline powder. 

Amyloxysulphohenzide^^O^iO^WOQ^W^Y^mcpnicQB a rather high tempera- 
ture for its formation, and crystallises from boiling alcohol in small, brilliant, white 
plates, melting at 98®. Its hroTtiine-derivative, SO^(C®B[^BrOC^H^^)-, crystallises from 
hot alcohol in small white plates, melting at 100®. The nitro-derwative^ 
SO*[C®H‘*(NO-)OC^H*^]^, is sparingly soluble in boiling alcohol, and forms brilliant, 
nacreous, six-sided plates or prisms, melting at 150®-! 61°, It differs from the other 
nitro-derivatives of oxysulphobenzide, in not being reduced by water and phosphorus 
iodide, or by tin and hydrochloric acid (Annaheim, Liebig’s Anmien, clxxii. 38-59). 

JOinitroxysulphobenzide, [C®H®(]SfO-)OH]“SO^ separates from a solution of 
oxysulphobenzide in warm nitric acid, in crystalline scales ; it is insoluble in water, 
only slightly soluble in alcohol, ether, and benzene, and crystallises from alcohol in 
microscopic rhombic needles. With alkalis and alkaline earths it forms easily 
soluble compounds having a deep yellow-red colour. The barium salt, 
[C®H®(N02)0]2Ba.S0^ is prepared by dissolving dinitroxysulphobenzide in hot baryta- 
water, and separates from the solution— freed from excess of barium by carbonic 

5c2 
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acid and evaporated — in crystalline cmsts. The sodium salt, [C®H®(N02)0Na]^0^ 
prepared in like manner, forms red-yellow crystalline crusts, and its aqueous solution 
gives precipitates, apparently of analogous composition, with silver, zinc, copper, and 
lead salts (Glutz, loo. cit) 

MnitToa^sulphohensidanilide, [C®H^(N02)(jN'H.C®H^)]^S 0^ is formed by heating 
the dinitro-compound just described with 2 pts. of aniline : 

[G®H»(N02)OH]2S02 + 2NH2(C®H®) - + [C®H®(N02)(NH.C®H5)]2S02. 

It crystallises from aniline in brilliant red rhombic prisms, exhibiting the combination 
00 P . OP. On boiling it with water, alcohol, ether, or benzene, it is decomposed with 
reproduction of aniline (Annaheim, Ber. vii. 436). 

Biamidossysulfhohenzide, C^“H^“N"SO^= [C®H®(Nfi^)OH]‘SO^. The hydr- 
iodide oi base, C’®2];;f2|5Q4 2 HI + 2H-0, is formed by the action of phosphorus 
iodide on dinitroxysulphobenzide in presence of a small quantity of hot water, and 
separates from the solution, after removal of the phosphorus, in long colourless needles 
which give off their water at 110°-116°, and dissolve readily in water and in alcohol 
(Glutz, Liebig's Annalen, cxlvii. 52 ; Annaheim, Ber. vii. 436).* ^ 

The corresponding hydrochloride, [C®H^(NH^)0H]'^SO2.2H01 + 2H^0, obtained by 
reduction of the dinitro-cOmpound with tin and hydrochloric acid, is a very similar 
body. The sidyliate, [C®Hf(NH2)0H]2S02 H2S0^ + 2H20, obtained by heating the 
hydrochloride with sulphuric acid, is slightly soluble in water and in alcohol, and 
crystallises from hot water in short thick prisms ; it is very stable, and may be heated 
to 140° without decomposition. Ammonia added to the solution of this salt throws 
down the free base, which separates from water in large crystals. 

On treating the sulphate or hydrochloride in acid aqueous solution with potassium 
nitrite, the liquid turns red and deposits a substance having a splendid Vermillion 
colour, dissolving in ammonia with deep red colour, reprecipitated by acids, detonating 
when heated (Annaheim). 

Tetranitro-oxysulphobenzide, [C®H2(N02)20H]-S02, obtained by the action 
of red fuming nitric acid on the dry dinitro-derivative, and purified by crystallisation 
from hot water, is a solid straw-yellow, very bitter substance, melting at 253°, and 
exploding at a higher temperature. It is insoluble in most of the usual solvents, but 
crystallises in long needles from boiling water, the mother-liquor when mixed with 
hydrochloric acid yielding an additional crop. It has well-marked acid properties, 
and readily decomposes alkaline carbonates. It is extremely soluble in glacial acetic 
acid at the boiling heat, and separates almost completely on cooling in needles, in 
which, however, part of the remaining hydrogen is replaced by acetyl. Its potassium 
salt, [0®H'(NO‘)‘OEi]"SO-, is sparingly soluble in cold, moderately soluble in hot 
water, and separates therefrom on cooling in reddish-yellow microscopic crystals, 
which detonate when heated. The corresponding sodium salt dissolves easily in water 
either hot or cold, and separates after a long time in minute yellow crystals. Another 
sodium salt, whose composition was not determined, was once obtained in hydrated 
efflorescent octohedral crystals 1 cm. long (Annaheim, Ber. xi. 1668). 

Bihromodmitro-oxysidphohenzide, [C®H^Br(NO')OH]^SO^, is prepared by mixing 
34 grams of dinitroxysulphobenzide (to which a little bisulphide of carbon has been 
added) with 32 grams of bromine, evaporating to dryness on the water-bath, washing 
with water, dissolving in sodium carbonate, and crystallising out the sodium salt. 

Sodium dibromodinitroxysulphobenzide crystallises in small, yellowish-red needles, 
soluble in hot water, but with some difficulty in cold water. The free acid is sepa- 
rated from the solution on addition of hydrochloric acid. Dibromodinitroxysulpho- 
benzide is insoluble in water, sparingly soluble in alcohol, but easily soluble, in boiling 
acetic acid, from which it separates again in white needles of a faint straw colour. 
It melts at 284°-285°. 

Bi-iodoniiroxysulphohenzide, [C®H-I(N0^)0H]2S0®, is prepared by bringing 
together 50 grams of iodine dissolved in alcohol, and a mixture of 34 grams of di- 
nitroxysulphobenzide with 21-6 grams of yellow mercuric oxide, and heating on the 
water-bath. After filtration and washing with water, the product is boiled with 
sodium carbonate and extracted two or three times with boiling water. The difiScultly 
soluble sodium salt separates from the hot solution in fine orange-red needles. 

Di-iododinitroxysulphobenzide is insoluble in water and alcohol, but dissolves in 
boiling acetic acid. It melts at 294°-295'°, Like the previous compounds, it pos- 
sesses acid properties and decomposes alkaline carbonates (Annaheim, Ber. ix. 660). 

Tetrazoxysulphohenzide, [G®H^.]Sr=N.OH]^SO^, is prepared by dissolving 

* Glutz assigned to this compound the formula ; but the 

formula above given is more in accordance with its mode of formation, and is moreover supported 
by Annabeun’s analysis. 
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15 pts. of the hydrochloride of diamidoxysnlphohenzide in 70 pts. of alcohol, and 
adding 15 pts. of amyl nitrite. It forms six-sided microscopic laminae, which, when 
exposed to air and sunlight, are converted into a red colouring matter. It is insoluble 
in alcohol, but dissolves in water acidulated with hydrochloric acid^ detonates violently 
at 120° (Annaheim, Ber. viii. 1059). 

Constitution of 0<zysu,lpkohenside . — ^Annaheim represents this substance 
by the formula 

HChnCH HGxrCH 


'EQg' ^-SO— 0^ \!OH 
% ^ 

HO-Cfl HC— OH 


regarding it as formed of two henzene-nudei directly united by the group SO", and 
having the two hydroxyls in the para-positions with regard to that group. This view is 
supported: 1. By^he reaction of oxysulphobenzide with sulphuric acid, whereby it is 
resolved into two paraphenol-monosnlphonic acids, 2. By the 

fact that the two hydroxylic hydrogen-atoms may be simultaneously replaced by 
alcohol radicles, and that the resulting compounds, e,g. sulphanisoilide, may in like 
manner be resolved into two molecules of one and the same compound, 

+ h=so^ = 2G«h^(och3)so3h. 

3. By the fact that, as Annaheim has shown by heating oxysulphide with ethylene 
bromide, the two hydroxylic hydrogens cannot be replaced by the diatomic radicle 
ethylene, as might be expected if the two hydroxyls occupied contiguous positions 
{Liebig’s Annalen, clxxii. 59). 

OXTTKXOCARBAMZC ACXD, NH'bCO.SH. See Cabbamic Acid (p. 387). 

OXYTZrS'MOi^irxxroia'B. See Thymoquinone. 

OX7TOX.UXC B.OXBS. See Toluic Acids. 

OXYTOZiirXBXXSrz:. Syn. with Amidocresol. See Toluidines. 

OXYTBXMSSXC ACXD, G5H=(OH)(COOH)3. This is the modification of 
phenol-tricarboxylic acid in which the three carboxyls are symmetrically disposed. 
See Phenol-teicaeboxylic Acid. 

OXYITVXTXC ACX2>, G®B:s05 = C‘*'H2(GH3)(0H)(C0“H)“. This acid is formed 
on adding chloroform to the crude product of the action of sodium on ethyl acetate, 
and boiling the resulting mixture of ethers till a sample of it no longer yields an 
oily product with acids. On adding hydrochloric acid to the solution thus obtained, 
ox^uivitic acid separates in yellowish flocks ; and on dissolving these in a large quan- 
tity of boiling water, and decolorising with animal charcoal, the acid is obtained in 
thin colourless needles. On the mode of its formation, see Aceto-acetic Ethers 

(P* 17)- 

Oxynvitic acid is but sparingly soluble in cold water, but dissolves more readily in 
hot water, still more in alcohol and ether. With ferric chloride it gives a red-violet, 
with ferrous salts a reddish coloration. It softens at 290°, and decomposes at the 
same time, so that its melting point cannot be determined. 

The oxyuvitates of the afcli-metals are very soluble, crystallise indistinctly, and 
turn brown on exposure to the air. The potassium salt has the composition 
G®H®K-0® + H"0. The barium salt, C®H®BaO® + 1 JH-0, crystallises in microscopic 
needles, which easily turn yellowish ; it is soluble in alcohol, gives off 1 mol. water at 
125°, the rest at 150°. By distillation with lime, it yields a cresol boiling at 200°. 
The caUium salt has the composition C®H®GaO® + 1 JE*0. The silver salt, C®H®Ag-0®, 
separates, after long standing, as a curdy precipitate not quite insoluble in water ; so 
likewise does the greenish copper salt, C^H®CuO®. The solution of the barium salt 
gives with lead nitrate a white amorphous precipitate, with ferric chloride a brown- 
violet precipitate ; none with mercuric chloride or zinc chloride (Oppenheim a. Pfaff, 
Ber. vii. 929). 

The methylic ether, C®H2(OH)(CH®)(COOGH®)% produced by heating the silver 
salt at 100° with methyl iodide and perfectly anhydrous ether, forms yellow trapezi- 
form plates several mm. long, melts at 108°, and sublimes between 200° and 300°. 

actions. — 1. By oxidation of oxynvitic acid Emmerling a. Oppenheim (^cr. 
ix. 726) have obtained, not, as was expected, oxytrimesic acid, but an acid, G^H^O*, 
isomeric with Bottinger’s nvic acid, which they designate as hydro-ozyhenzoic acid 
(see Uvi'C acid). With chromic acid only a small product is obtained ; with potas- 
sium permanganate a somewhat larger quantity, about 10 per cent, of the oxyuvitie 
acid employed. 
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2. fuming nitnc acid, either alone or mixed with sulphuric acid, converts oxy- 
uvitic acid into atrinitrocresol, C^H®(N0-)®0, which after purification forms fan- 
shaped groups of faintly-yellowish smooth needles melting at 106° (Emmerling a. 
Oppenheim, Mer, ix. 1094). 

3. OxjniYitic acid treated with phosphorus peiitachloride is converted into a mixture 
of chlorides, which when boiled with water yields, together with reproduced oxyuvitic 
acid, an acid which separates from the sufhciently concentrated mother-liquor in long 
needles, and appears from the analysis of its barium salt to be an anhydride of 
oxyuvitic acid, [C«B:2(OH:)(CH^)(COOH)CO]-0 (Oppenheim a. Pfaff, Ber, viii. 
884). 

Co7istitution.-~OppeiihQim a. Pfaff find that the cresol obtained by dry distillation 
of the calcium and barium salts of oxyuvitic acid is metacr^sol, a result which con- 
firms the relative position of the radicles OH and OH® in the acid, as represented by 
the formula given on p. 17. 


OH 



by loss of 200“ gives 


OH 

/\ ^ 




Hence also 4t follows that the acid here designated as oxyuvitic acid is not the true 
oxy- or hydroxy-acid of uvitic acid, which, according to Bdttinger, has the substituted 
radicles in the symmetrical position 1, 3, 5, or C^.CO^H.H.CH^.H 00®H.H (see Uvitic 
Acid). 

OXVXVXiSlO'B, or HYBXOXYXYliEKrE, C®H®(CH®)“OH. This is the con- 
stitution of p h 1 o r 0 1 (S'.u.) 

OXYXYIiIC AdB, 0®H®(CH®)-(OH)(COOH). An acid formed by the action 
of melting potash on pseudocumenol, 0®H^(0H®)®0H (S'-t^.) 

OZOIOTB. On the formation of Ozone by the action of the silent electric discharge 
on oxygen, see Electhicitt (p. 727), also Q-iannetti a. Volta {Ber. ix. 84). A power- 
ful apparatus “for this purpose is described by Leeds {Chem, News, xl. 196). Accord- 
ing to J. Boehe (Ber. vi. 439), the electrisation of dry oxygen is the only method 
that yields pure ozone, all other methods giving rise at the same time to the form- 
ation of nitrous vapours or of hydrogen dioxide. 

According to Bdttger (N. Bep. Bharm. xxiii. 372), ozone is produced in the form- 
ation as well as in the electrolysis of water. When acidulated water is decomposed 
by au electric current, the ozone formed at the positive pole destroyed by addition of 
a small quantity of potash, and the mixed gases then exploded by contact with a 
flame, iodised starch-paper introduced into the cylinder which contained them is 
turned blue. 

Experiments on the formation of ozone by combustion in the air have been made 
by W. Sladulocoitsch (B&r. vii. 1454). When wax, stearin, petroleum or magnesium 
was burnt within a bottomless flask, and the products of combustion were made to 
pass through a glass tube containing strips of iodised starch paper, the formation of 
ozone was shown by the bluing of the paper ; when however the same substances were 
burnt in ordinary lamps, the formation of ozone could not be detected. When a small 
quantity of petroleum (boiling at 30° to 100° and upwards, and of sp. gr. 0-67 to 0*68 
at 22°) is placed in a capacious flask which is frequently opened and shaken, it acquires 
oxidising properties, and the air contained in the flask gives the ozone reaction. This 
occurs in a few days at the summer temperature if the vessel is exposed to the direct 
rays of the sun, and more slowly at a lower temperature and in diffused daylight. The 
slow evaporation appears to play an important part. When petroleum thus treated is 
shaken up with a solution of potassium iodide, iodine is liberated, and paper prepared 
with potassium iodide and starch -paste acquires a blue colour when exposed to the 
air in the flask. The altered petroleum also decolorises indigo, gives a blue colour to 
guaiacum extract, and exhibits the other reactions of active oxygen. When the 
petroleum is shaken up with water, the latter remains neutral, and wjEen tested shows 
the presence of hydrogen peroxide ; but, if the petroleum has remained for a long time 
in contact with the air, it acquires an acid reaction which it communicates to water 
when agitated therewith. The aqueous solution is found still to contain hydrogen 
peroxide, but it also reduces silver nitrate, thus indicating the presence of formic acid. 
Petroleum readily absorbs ozone —liberated from potassium permanganate by the action 
of sulphuric acid — and when agitated with water gives to it an acid reaction, whilst 
the solution reduces silver salts ; but the petroleum is not at once capable of liberating 
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iodine from potassium iodide solution. If hcwever allowed to stand for twenty-four 
hours, it acquires that property, and if it be then agitated with water, the solution 
gives the characteristic reactions of hydrogen peroxide. 

Similarly, pure benzene, and the portion of light coal-oil boiling between 80° and 
100°, exhibit the same power of rendering oxygen active. Pure phenol mixed with 
water also acquires, in contact with air, the power of turning paper bine which has 
been prepared with potassium iodide and starch-paste (Fadakowski, Ber. vi. 106). 
Similar observations have been made by E. Schaer ijbid, 406). 

An apparatus constructed by 0. Loew for the preparation of ozone for industrial 
purposes, depending on the ozonisation of oxygen by the combustion of coal-gas or 
other hydrogenised bodies in a rapid stream of air, is described by Ad. Ott {Bingl. 
pol. J. ccxiii. 180). The use of such an apparatus is suggested for the defuselation of 
brandy, or the manufacture of vinegar. 

On the supposed formation of Ozone by the oxidation of Turpentine-oil and other 
essential oils, see Kingzett (p. 1430). 

On the ozonismtion of Air by moist Phosphorus, see A. E. Leeds {Chem. News, xl. 
70 ; Che77u 8oc. J, xxxvi. 881). 

JBeliucci {Ber. viii. 905 ; ix. 581) observed in the neighbourhood of the water-falls 
of Terni and Trollhattan a strong smell of ozone, which he attributes to the friction 
of the particles of water in the spray, and the consequent development of electricity. 
He finds that the spray of water containing solid substances in solution generates more 
ozone than that of pure water, and that the effect is still further increased if the water 
holds solid particles in suspension. 

From experiments by Bellucci {Ber. vi. 756 ; Compt. rend. Ixxviii. 362) it appears 
that the oxygen exhaled from plants in sunlight does not exhibit the properties of 
ozone. 

Amoimt of Osone in Air. — The following average results for the several months 
of the year 1873, obtained with Lender’s ozonometer, are recorded by A. v. Loseke 
{Arch, Pkarm. [3], v. 427): 



Ozone-degree 

Temperature 

Amount of rain 

January . 

« « 9’35 

- 0*40° 


February . 

. 9-90 

- 2-00 


March 

. 9*30 

-h 2-30 


April 

. 8*76 

+ 4*30 


May. 

. 8*45 

+ 6*50 


June 

. 8*66 

•+11*90 

7*06 cm. 

July. . 

. 8-30 

+ 14*00 

5-98 

August 

. 8-32 

+ 12’70 

4*67 

September 

. 7*86 

+ 8*50 

6-95 

October . 

. . 8*55 

+ 6-47 

5-56 

November 

. 2-26 

+ 1*45 

5*59 

December 

. 5*60 

- 1-70 

1*43 


The mean for the winter half-year was 8*4, for the summer half-year 7*5, and for the' 
day-time 7*94. The proportion of ozone in a yard surrounded by moderately high 
buildings was about 2° lower ; in dwelling-rooms and other apartments, whether the 
windows were closed or opened for a longer or shorter time, and whether growing 
plants were placed in the room or not, no ozone could be detected ; neither was any 
connection observed between the amount of ozone and the direction of the wind 
(compare Houzeau, vii. 113, 114). 

According to L. Fautrat {Compt. rend. Ixxxiii. 7o2), the proportion of ozone in the 
air of forests is smaller than in the open country. 

Experiments on the gradual conversion of ozone into ordinary oxygen have been 
made by Berthelot {Compt. rend. Ixxxvi. 76) by means of fiasks of about 260 c.c. 
capacity filled with oxygen ozonised by the discharge and kept at a temperature of 
about 12°. At the commencement of the experiment, the gas contained 2-2 per cent, of 
ozone ; in twenty-four hours the amount was reduced to 2T per cent. ; in five days to 
1 -5 per cent. ; in fourteen days to 0*4 per cent. ; after fifty-one days only a trace 
remained, and in sixty days no ozone conld be detected either by the smell or by 
potassium iodide. Ozone has no fixed tension of dissociation, and the rate of destruc- 
tion is directly proportional to the amount contained in the mixture. The dissociation 
did not appear to be accelerated by the presence of water, at least in the first week. 

Belations of Ozone to Water. — The solubility of ozone in water, first observed by 
Williamson in 1845 {Liebig's Annalen, liv. 130), is corroborated by the experiments 
of Carius {iUd. clxxiv. 1) and of Scbone {Ber. vi. 1208, 1224). Eammelsberg, how- 


* Not recorded before June. 
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ever {ibid. vi. 603), observes that diluted ozone is not absorbed by water at ordinary 
teraperatures, the absorption taking place only when the gaseous mixture contains a 
considerable proportion of ozone. Carius, on the other hand, finds that water in con- 
tact with its own bulk of a gas containing 2 per cent, of ozone, acquires its odour and 
cbaracteristic properties. Even when the gas contains only 1 per cent, of ozone, the 
solution produces a powerful efiTeet on potassium iodide and starch, but diminution of 
the proportion of ozone leads very rapidly to an extreme weakening of the solution. 
Ozone, mixed with oxygen gas, obeys in fact the law of gaseous absorption which 
makes the quantity dissolved proportional to that fraction only of the total pressure 
which is due to the quantity of the gas itself contained in the mixture. Taking this 
law into account, Garins found, from a series of closely agreeing experiments, that the 
mean absorption-coefficient of water for ozone at 1° and 760 mm. pressure is 0*834. 
As, however, it is by no means certain that the limit of absorption was attained in 
these experiments, the actual absorption-coefficient may be even greater than that 
deduced from observation. 

The following results have been obtained by Schdne {B&r. vi. 120^, 1224). 

(1). Ozone does not oxidise water into peroxide of hydrogen. (2). Ozone is 
absorbed by water in considerable quantity even at the ordinary temperature. The 
observed maximum was *0189 gram, or 8*81 e.c. (reduced) ozone (0^) per litre. 
(3). Ozone in contact with water suffers no qualitative alteration. (4). The quantity 
of ozone in ozonised oxygen is diminished by passing the gas through water. By 
collecting dry ozonised oxygen over water, about one-foui’th of the ozone is removed, 
and the loss of ozone is greater after prolonged contact. (5). Since in the passage of 
ozonised oxygen through water, far more ozone disappears than is absorbed by the 
water during the time, and as the loss of ozone continues even when the water is 
saturated with it, it would seem that water has in this case the power of breaking up 
ozone. (6). Ozonised oxygen, left at rest in contact with water at the ordinary tem- 
perature for some days, becomes changed into ordinary oxygen. (7). The change of 
ozone into ordinary oxygen in the above manner is accompanied by an increase in 
volume. This result accords with that obtained by heat in the researches of Andrews 
a. Tait, and by Soret. Schdne likewise observes that ozone may remain for some time 
in contact with the skin without suffering decomposition. 

From the numbers obtained by Carius, Schdne calculates for the absorption-coeffi- 
cient of ozone at 16*5® the number 0*373, agreeing nearly with that deduced from his 
own experiments, viz. 0*366. 

According to Carius [loc. cit,\ the dissociation of ozone by water at 0° is very 
small. The aqueous solution, even when extremely dilute, exhibits the characteristic 
taste and smell of ozone, the smell even in a solution containing only 5 vol. ozone in 
1 00 vol. water being so powerful that it can never be mistaken for that of a solution 
of nitrous acid, chlorine, chlorous acid, or hypochlorous acid. Delicate litmus- 
paper is quickly bleached by concentrated ozone-water, but in a more dilute solution 
the bleaching is preceded by a peculiar shade of colour resembling indistinct 
reddening by an acid. Concentrated ozone-water exhibits all the oxidising effects 
of gaseous ozone. A solution of thallious oxide produces, slowly in dilute, quickly 
in concentrated ozone-water, a brown precipitate of thallic oxide. The forma- 
tion of silver peroxide, on the other hand, does not take place with certainty 
even in the most concentrated ozone-water, but only when silver leaf is introduced 
into the small space above the solution in a closed vessel where it can come in contact 
with the gases emitted from the liquid. Ozone-water prepared with ozonised air con- 
tains abundance of nitric acid, but no nitrous acid or hydrogen dioxide (Carius). 

Decolorising Dower. — Goppelsroeder {Dingl. fol. J. ccxiz. 540) publishes an obser- 
vation made by Koechlin, according to which pieces of calcio which had been dyed 
with indigo treated with sulphuric acid, then washed, and frozen by exposure in the 
moist state to a vinter atmosphere, were found to he considerably altered in colour, 
especially on the edges. This effect is attributed by Goppelsroeder, on the ground of 
special experiments, to the action of atmospheric ozone. In the same manner aniline- 
brown on cotton was changed to a yellow-orange ; fuehsine-rosa, Hofmann’s blue and 
violet, red corallin, iodine-green, lakes from dye-woods, and even Turkey-red, were 
completely hleaeheffi In the absence of water, however, this action of ozone did not 
take place. 

Antiseptic Dower. — Boillot {Compt. rend, Ixxxi. 1258) recommends the use of ozone 
for the preservation of meat, milk, and other easily alterable articles of food. 

Action on According to Doziel {N. Rep, Dharm. xxiv. 431) the action of 

ozone on blood is exerted in the first instance on the red corpuscles, their colouring 
matter being separated, and the blood in a quarter of an hour acquiring a darker 
colour. Defihrinated blood, exposed in thin layers to the prolonged action of ozonej 
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acquires the colour of red sealing- i^ax, and the blood, after this alteration, no longer 
deposits crystals of bsemoglohin on addition of alcohol, ether, or chloroform. De- 
fibrinated blood through which ozone was passed for a considerable time deposited 
flocks which, after washing with water, were indistinguishable from flbrin ; by the 
still flirt her prolonged action of ozone, the blood became dingy green and fetliy 
colourless. The formation of the fibrinoid substance is probably due to an alteration 
of haemoglobin. Hsematin is likewise decolorised by ozone. When blood poisoned 
with carbon monoxide is exposed to the action of ozone, it quickly acquires the 
properties of normal blood, carbon dioxide being separated at the same time. Blood 
containing carbon monoxide is less quickly decolorised by ozone than normal blood, 
and does not so quickly lose the property of depositing crystals of hsemoglohin. The 
alteration of the blood-corpuscles by ozone must not be confounded with that pro- 
duced by carbon dioxide. 

EstiTmimi , — To estimate ozone in presence of chlorine and nitrogen tetroxide, 
D. Tommasi {Ckem. Neios, xxix. 284) passes the gaseous mixture in the first instance 
immediately thro^h a normal solution of potassium ferrocyanide, and secondly 
through a tube filled with platinum black or manganese dioxide to destroy the ozone, 
and then through the normal solution of potassium ferrocyanide. 

M. Davy {Cornet, rend. Ixxxii. 157) estimates the very small amount of ozone 
present in the air, which varies from 0'76 to 1-3 mg. in 100 c.c. of air, by passing the 
air through a solution of neutral potassium arsenite and a little potassium iodide, and 
determining the amount of arsenious acid thereby oxidised, by means of a standard 
iodine-solution. 


p. 


PAZiXijEk.BXtrM. Small quantities of this metal are of almost constant occur- 
rence in refined silver; that of Commern and Mechernich on the Eifel contains 
0*0053 per cent, palladium (H. Bossier, Liebigs Annaleut clxxx. 240). Palladium is 
also found, together with other platinum metals, in the ferric chloride obtained in the 
preparation of fine gold (Opificius, Dingl.pol. J. ccxxiv. 414 ; Jahresh.f. Chem, 1877, 
1142). 

Electromotive Force in Gas-batteries. — ^According to E. Villari {Fogg. Ann. cli. 608), 
the electromotive force of palladium in gas- batteries is considerably greater than that 
of platinum electrodes, evidently in consequence of the great affinity of palladium for 
hydrogen ; moreover, it becomes considerably greater when the (positive) electrode in 
contact with the oxygen is oxidised. 

On the use of Falladium in facilitating oxidation^ see Hydbocasboks (p. 1065). 

Coquillion {Compt. rend. Ixxxiii, 394) recommends the use of palladium instead of 
platinum wire for igniting mixtures of hydrocarbons and air in gas-analysis, inasmuch 
as it brings about the combination of the gases without detonation. 

On the Absorption of Hydrogen by Palladium and the properties of Falladium- 
hydrogen^ see Hydrogen (pp, 1070, 1071). 

When palladium in the form of sponge or foil is heated in a flame of alcohol or 
coal-gas, it becomes coated with a thick spongy layer of soot, and on burning this 
away, the palladium remains in the form of a brittle skeleton. 

Spongy palladium, which at 100*^ is capable of taking up several hundred times 
its own volume of hydrogen gas, does not act on ethylene at any temperature below 
a red heat ; but on raising the heat to redness, carbon is deposited and hydrogen set 
free, the temperature at which this decomposition takes place being below that at 
which ethylene is decomposed by heat without the agency of palladium. The effect 
appears to be due to the absorption of hydrogen and its subsequent separation, these 
phenomena continually succeeding one another in the same manner as when copper is 
ignited in ammonia-gas (Wohler, Liebig's Annalen, clxxxiv. 128). 

Palladium may be amalgamated in the same way as iron (p. 1096), viz. by bringing 
it in contact with sodium- or ammonium-amalgam, and then dipping it into acidulated 
water. 

The black oxide of palladium, PdO, obtained by ignition of the nitrate, is instantly 
reduced by hydrogen, even at ordinaiy temperatures, the reaction being attended with 
vivid incandescence. In like manner, as observed by Berzelius, palladium which has 
acquired a blue tarnish by oxidation immediately loses its blue colour when plunged 
into hydrogen gas at the ordinary temperature (Wohler, Liebig's Annalen, clxxiv. 60). 
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On 'PallodivM Mercajptide^ see Meecaftides (p. 1276). 

A soluble palladium thiocyanate is obtained, according to S. Kern {Chem. J^ews, 
xsxii. 242), by mixing tbe aqueous solution of palladium cMoride or nitrate and 
potassium thiocyanate. The solution of this salt is said to give no reaction with an 
alcoholic solution of iodine. 

P al lad ammonium - compounds.--— YeYLo'w palladammonium chloride, 
PdCP.2NH* or Pd(hrH^Cl)-, treated with aqua regia, is converted into the compound 
ClPd(NH»Cl)2 

Pd®Cl®.4NH^ or | , which is a dark red, almost black substance, closely 

ClPd(NHsCl)2 

resembling in appearance and solubility the double chloride of iridium and ammonium. 
Its formation may be represented by the equation 2(PdCP.2NH®) + Ci'^==Pd^01®.4NH^. 
The same salt was obtained as a precipitate on treating some mother-liquors of di- 
palladammonium chloride, PdCP.dNH®, with aqua regia in presence of sal-ammoniac. 
It is interesting as showing that all the metals of the platinum group, except platinum 
itself, are capable of forming chlorides of the formula M-Cl®. It ic easily decomposed 
by heat, hroaking up into hydrochloric acid, sal-ammoniac, nitrogen, and metallic 
palladium. It is also decomposed by boiling water, with brisk evolution of nitrogen, 
the palladium trichloride being reduced to dichloride, a portion of which remains in 
combination with the undecomposed ammonia (Deville a. Debray, Compt, rend, Ixxxvii. 
926). 

PAXtlMCXTOirB, CO(C^®H3*)2. gee Ketones (p. 1149). 

PABTCRSATXC PERMEMTS (p. 779). E. Scheffer {JPhann. J. Trans, [3], 
vi. 844) prepares pancreatin as follows : The freshly chopped pancreas of an ox is 
macerated for twenty-four hours with water slightly acidulated with hydrochloric 
acid; the acid liquid is poured off and replaced by pure water, which again is poured 
off after four to six hours, and mixed with the acid extract ; the filtered liquid is 
neutralised with recently precipitated calcium carbonate, then filtered again ; and this 
second filtrate is mixed with an equal volume of alcohol, whereby the pancreatin is 
thrown down in white flocks, which dissolve almost completely in water, convert 
starch into sugar, and decompose neutral fats, with separation of the free acids. 
Pancreatin is decomposed by pepsin dissolved in acidulated water. 

V. Mering a. Musculus {Zeitschr. physiol. Chem. i. 395), by treating starch and 
glycogen with pancreatic and salivary ferment, have obtained dextrin and maltose ; 
also dextrose with pancreatic ferment. 

On the action of the Organised Ferments of the Pancreas on Carbohydrates and 
Nitrogenous Bodies^ see Feements.(p. 782). 

By the pancreatic digestion of gelatin, Neneki {Ber. vii. 1593) obtained a very 
small quantity of indole and small quantities of tyrosine, ammonia, leucine, glycocine, 
and a viscid yellow body, which he calls gelatin-peptone. 

PAXiTDERlVXXTE. A mineral found at Panderma, on the Black Sea, in a grey 
streaky gypsum bed, lying under a formation composed of alternating layers of brown 
clay and calcareous slate. It occurs in snow-white, fine-grained nodules and fragments 
enclosed in the gypsum. An analysis of the dried mineral showed it to have the 
following composition : 

CaO MgO FeO K^O H=0 

29*33 0*15 0*30 0*18 15*45 64*59 = 100*00 

which may be represented by the formula 2Ca0.3B20® + SH^O, indicating that pan- 
dermite is nearly related to borocalcite. No chlorine, sulphuric acid, silica, or 
carbonic acid, could be detected in it (G-. vom Rath, Jahrb.f. Min. 1878, 74). 

PAO. See Pebeiro. 

PAPER. On the Chemical Manufacture of Paper from Wood, see Rosenhain 
{JDingl.pol. J. ccxx. 81 ; Chem. Soc. J. xxx. 234 ; also Chon. JSoc. J. xxv. 1048 ; xxvi. 
1069). 

Manufacture of Paper from the Gombo {Hibiscus esGulentus)^ see p. 896 of this 
volume. 

Micrographical Study of the Manufacture of Paper: A. Gerard {Compt. rend. 
Ixxx. 629 ; Chem. Soc. J. xxviii. 675). 

Parchment-paper: Bingl. ccxx. 380; Jahresh.f. Chem. 1876, 1174. 

Japanese Paper: Munroe (Amer. Chem. vi. 409 ; Jahresb. 1876, 1175). 

Dendritic Spots on Paper : Liversidge {Chem, Soc, J, xxv. 646) ; Hadrian {ibid. 
xxvii. 754). 

On the Glazing of Paper: C. Wurster {Dingl. ecxxvi. 75, 310, 381 ; Chem. Soc. J. 
xxxiv, 184). 
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On the Estimation of Mineral Matter in Paper: Wurster ccxsrii. 179; 
Okem. Soe. J. jxsiv, 528). 

Estimation of Colouring JVIatter in Paper : Wurster {DingL ccxxviii. 168 ; Ghem. 
8oc. J. xxsuT. 823). 

GO 

PAB^BASrZC ACZB, C®H*N"0® = CO^ | . OxalyUcarhamide, or 

\nh-co 

Oxalyhurea. — This compound is produced : 1. By the action of phosphorus oxychloride 
on oxaluric acid: 

^jfsTHs — CO 

^^<^NH.CO.COOH ~ ^ ^ \NH— CO 

Well-dried oxaluric acid is heated to 200° in an oil-hath with three times its weight 
of phosphorus oxychloride as long as hydrogen chloride is given off ; the residual 
white mass is dissolved in water ; the solution filtered and evaporated to dryness ; 
the residue press’^d and dissolved in boiling alcohol ; the alcoholic solution filtered 
and evaporated to dryness ; and the oxalyl-carbamide thus obtained is purified by 
twice recrystaliising it from boiling water (0rimaux, Cornet rend, Ixxvii. 1548). 

2. By the action of phosphorus trichloride on a mixture of oxalic acid and urea 
(Ponomareff, Bull, Boo. Chim. [2], xviii. 97) : 

COOH CO 

+ I - 2H20 = CO< 1 . 

COOH ^NH— CO 

3. By oxidising pyvuril, C^H^N-^O^ — thediureide of pyruvic acid — with nitric acid, 
the pyvuril being first converted into mononitropyvuril-monoureide, C'^H^(^0®)N20®, 
which, when distilled with 2 or 3 pts. bromine and 25 to 30 water, is resolved into 
bromopierin and parahanie acid : 

C^H3(N02)N202 + 6Br + H^O = 3HBr + CQsO^yBi^ + C^H^N^O^ 
(Grimaux, Corny t, rend. Ixxix. 1478). 

Parahanie acid separates from aqueous or alcoholic solution in shining laminae 
having a sour taste ; it may be heated to 200° without alteration, but at higher tem- 
peratures it yields a white sublimate, gives off pungent vapours smelling of cyanic 
acid, and leaves a carbonaceous mass. Its solution is not clouded by calcium acetate, 
but when boiled with potash it gives off ammonia, and if then supersaturated with 
acetic acid, it gives a copious precipitate with calcium salts. 

Ahydrateof parahanie acid, C^N-H^O^.H-O, is obtained by subjecting 1 pt. uric 
acid to the action of 3 pts. nitric acid of sp. gr. 1‘3 at about 60°, and keeping the 
temperature towards the end of the process between 35° and 55° according to the 
energy of the reaction. On subsequently heating the solution to 70°, the hydrate 
separates in large crystals (Tollens a. Wagner, Liehig^s Annolen, clxvi. 321 ; ToUens, 
ibid, clxxv. 227). The same hydrate was obtained by Ponomareff {Bull, Boo, Ckm, 
[2], xviii. 97) by the action of phosphorus trichloride on a mixture of .urea and oxalic 
acid. The action begins at ordinary temperatures and is accompanied by rise of tem- 
perature and evolution of hydrochloric acid, and on cooling, the hydrate is obtained 
as a crystalline mass which dissolves easily in water and crystallises in thin colourless 
prisms. 

This hydrate is very stable, sustaining only a very slight decrease of weight when 
heated to 100° ; between 150° and 160°, however, the water is slowly driven off. 
The reddish aqueous solution of the residual dry mass no longer yields large crystals; 
of the hydrate, but the well-known broad needles of the anhydrous compound. The 
hydrate dissolves in water more readily than the anhydrous compound, and is thereby 
distinguished from oxaluric acid, with which it is isomeric (Tollens a. Wagner). 

Salts. The diargentic salt of parahanie acid, obtained by precipitation, was 
described by Liebig a. Wohler (iv. 339). The mono-argmiic salt and the alkali-saUs 
have been obtained by Menschutkin {Liebig's Annalen, clxxii. 73). On account of 
the ready convertibility of parabanic into oxaluric acid, the preparation of these salts 
succeeds only under peculiar conditions. The ammonmm salt is obtained as a white 
bulky crystalline precipitate on adding alcoholic ammonia to a solution of parahanie 
acid in absolute alcohol. Gaseous ammonia is but slowly absorbed by parabanic acid. 
The salt is very easily decomposihle, and in aqueous solution is converted, even at 
ordinary tenjperatuTes, and more quickly during evaporation by heat, into ammonium 
oxal urate. When heated for six or eight hours to 100° in a sealed tube with 
alcoholic ammonia (absolute alcohol saturated at ordinary temperature with ammonia 
gas), it is converted into oxalur amide. The same result is obtained by merely 
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heating parabanic acid with alcoholic ammonia, just as aniline parabanate is converted 
into phenyl-oxaluramide (iv. 339). The potassium salt is obtained as a light white 
precipitate on adding rather less than the theoretical quantity of potassium ethylate 
(solution of potassium in absolute alcohol) to a solution of parabanic acid in absolute 
alcohol. The presence of water (or potassium hydrate) gives rise to the formation of 
octalurate ; excess of potassium ethylate produces oxalate. Potassium parabanate is 
insoluble in alcohol ; water converts it into oxalurate. The sodium salt is prepared 
like the potassium salt, and exhibits similar properties. ^ The diargentic salt is 
obtained as a crystalline precipitate having the composition C^N^Ag^O^ + on 
adding silver nitrate to a solution of parabanic acid or of ammonium parabanate. 
[Liebig a. Wohler obtained it anhydrous by precipitating the aqueous acid with silver 
nitrate; Strecker obtained it as a hemihydrate, SC^N-Ag-’O® -j- H^O, on mixing the 
aqueous acid with silver nitrate and a little ammonia (iv. 339).] The mono-argentic 
salt, C^N^HAgO®, is obtained as a crystalline precipitate on adding silver nitrate 
(1 mol.) to a recently prepared solution of potassium parabanate, treating the result- 
ing precipitate, after washing, with a quantity of nitric acid not su|&cient to dissolve 
the whole of it, and mixing the warm solution with ammonia ; also by mixing the 
aqueous solutions of 2 mols. parabanic acid with 3 mols. silver nitrate, removing the 
diargentic salt formed at the same time by filtration, precipitating the warm mother- 
liquor with ammonia, and purifying the precipitate as above. The salt thus produced 
is sometimes anhydrous, sometimes contains 1 mol. H®0 ; in the latter case it is iso- 
morphous with silver oxalurate, from which, however, it differs by being less soluble 
in water, and by being converted into the diargentic salt when its solution in nitric 
acid is mixed with silver nitrate and ammonia (Menschutkin). 

nXetbyl-para'banic Acid, C®N2H(CH®)0®, is best prepared by heating 
methyl-uric acid with 5 or 6 pts. of nitric acid, sp. gr. 1-30, till the liquid is no 
longer coloured by ammonia. The excess of acid is &ven off by heat, and the residue 
diluted with a little water is exhausted with ether, which on evaporation leaves the 
methyl-parabanic acid as a residue which soon crystallises in translucent prisms, to 
be purified by pressure and recrystallisation. The same compound is formed by the 
prolonged action of boiling nitric acid on methyl-alloxan (H. Hill, Ber. ix. 370). 

>N(CH®)— CO 

Bimethyl-parabanic Acid, C®N®(CH®)20® = CO<; I (also called 

\N(CH®)— CO 

cholesirophane, i. 926; iv. 340), is produced by heating the dry silver salt to 100® 
with methyl iodide, also by the action of chlorine or nitric acid upon caffeine. It 
crystallises from hot alcohol in prisms melting at 155*5° ; it also sublimes and distils 
at 275°-277^, apparently without decomposition. Alcoholic ammonia converts it into 
d imethyloxaluramide, which melts with decomposition at 225°, and dissolves 
but sparingly in alcohol even at the boiling heat : 


>N(CH®)-CO 
CO< I -I- HH® = CO< 

\H(CH®)-CO V 


.NH(CH®) 

H(CH®)— CO— CO— NH® 


Dimethyl -parabanic acid is not attacked by acids, but is completely decomposed by 
alkalis (Menschutkin, Liehig^s Annalen, clxxviii. 201). 


ConstitiLtion of Barahanic acid. — The conversion of parabanic acid into 
oxaluric acid by assumption of water, and its synthesis from oxalic acid and urea 
(p. 1483), prove beyond doubt that it is an anhydride intermediate in composition be- 
tween the two last-named substances, or, in other words, an anhydride of oxaluric acid, 
/NH®— CO.OH 

CO\ I . These considerations however do not suffice for the complete 

^NH— CO 


establishment of its constitution; for oxaluric may lose a molecule of water in 
several different ways, leading to as many different constitutional formulae, of which 
two at least may be regarded as equally well entitled to represent the constitution of 
parabanic acid, viz. 


>KH— CO 

\ I 

CO 




and Co/ ^00 




CO 


The first of these, which is the usually accepted formula of the acid, differs from all 
the rest in having its two hydrogen-atoms symmetrically attached to the two nitrogen- 
atom^ and its correctness may be tested by an examination of the products of decom- 
position of dimethyl-parabanie acid under the influence of acids. For, if each of the 
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two methyl-groups in this compound is attached to a nitrogen-atom as above repre- 
sented, it must be resolved by assumption of the elements of water into oxalic acid, 
carbon dioxide, and methylamine, 


smo = -f + oo^, 


>K(CH3).CO 

GO< 

\N(0H3).C0 

whereas the unsymmetrical formula, , would require the formation of a 

mixture of ammonia and dimethyiamine, and all the other possible formulae would 
imply the formation either of pure ammonia or of a mixture of ammonia and methyl- 
amine. Kow it has been shown by A. Calm {Ber, xii. 624) that dimethyl-parabanic 
acid heated to 200° with hydrochloric acid is actually resolved into CO-, oxalic acid 
and pure methylamine : hence the first of the two formulae above given for parabanic 
acid may be regarded as established. 


P.aJBJLSTncZliri:. See Buxe^e (p. 365). 

PAAAC AMPHORIC ACZB. See Mesocamphoeic acid (p. 1286). 

PARAOOZO'XC ACZB, This acid, isomeric with citraconie, itaconic, 

and mesaconic acids, is formed by abstraction of HCl from itamonochloropyrotartarie 
acid (vi. 760), and may be regarded as an anhydride of itamalic acid, : 




COOH 

OH 

COOH 


Itamalic acid. 


C^H^ 


CO 

COOH 


Paraconic acid. 


(Swarts, Bull. Acad, royal Belgique [2], xxxiii. Ilfo. 1 [1872] : Jahresb, f. Chem, 
1873, 585), 

PARACOTOZZr. A constituent of Coto-bark (p. 578). 

PARACRTZiZC ACZB. See Diacexxic acid (p. 46). 

PARACTAzroCARBOZarzc ACZB. See Cyanocaebonic Compounds, Poly- 
MEEIC (p. 618). 

PARA.BSXU;VATXVZ:S, AROMATIC. Baraldehydosalicylic acid. 
See Benzoic actds, Aldehydo-oxt- (p, 288). 

Barabensoyl-henzoio acid. See p. 310. 

Barahenzoyl-henzyl Chloride, ’Parahenzoyl-henzylene Bichloride 
and JParahenzoyl-henzenyl Trichloride. See Tolyit-phentl Ketones 
(p. 1155). 

Tarahenzoyl-toluene, C®.CH®.H-H.C^H^O.H^, obtained by distilling a mix- 
ture of calcium paratoluate atod benzoate, and fcactionating the product, is a 
slightly coloured fragrant oil, boiling at 310°-312° and graduaUy crystallising when 
left at rest. By oxidation with chromic acid it is converted into para benzoyl- 
benzoic acid (Eadziszewski, Ber. vi. 810). 

Tarahromacet anilide, C®,NH(C-H®0 ).H.H.Br.H^, prepared by treating para- 
bromaniline with excess of acetyl chloride, washing the product with water, and re- 
crystallising from alcohol, forms large many-faced prisms, sometimes perfectly trans- 
parent and colourless with a vitreous lustre, sometimes opaque and white with 
nacreous lustre. It is moderately soluble in alcohol, nearly insoluble in cold water, 
slightly in hot water. Melts at 165'4° (Kdrner, Gazz. chim. ital. 1874, 329). 

Farahromaniline, C®.NH®.H.H.Br.H^. See Benzenes (Beomamido-), p. 193. 
This base is resolved by distillation into [1:2:4] dibromaniline, melting at 79*5% 
and tribromaniline, C^.NH^Br.H.Br.H.Br, melting at 117° (E. Buchner, Ber. 
viii. 361). 

Parahromobenzyl Compounds. Farabromobenzyl alcohol, C®H^Br.CH®OH, 
is most easily prepared by boiling parahromobenzyl bromide with water for some 
days, in a flask with reversed condenser. It is also obtained by heating parabromo- 
benzyi acetate to 150°, with aqueous ammonia. It forms long, colourless, elastic, flat 
needles, having a fine nacreous lustre and unpleasant odour, melting at 69°, and dis- 
solving easily in boiling water, alcohol, ether, benzene, and carbon disulphide. 

The acetate, formed by heating the bromide with sodium acetate in alcohol, decom- 
poses when distilled, and has not yet been obtained pure. 

The cyanide, C®H*Br.CH^CN, is obtained by boiling the bromide with alcoholic 
solution of potassium cyanide. It is a crystalline body of strong disagreeable odour. 
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melting at 46®, and dissolving easily in alcoiiol, ether, benzene, glacial acetic acid, and 
carbon bisulphide, but not in water. 

The tliicGymate, C^H'^Br.GH^SCN, formed by boiling the bromide with potassium 
thiocyanate, crystallises in needles, melting at 25°, and dissolving very easily in 
alcohol. 

Parabromaljphatohdo acid, C^H'^Br.CH^.COOH, formed by heating the above 
cyanide to 100°, with hydrochloric acid in sealed tubes, crystallises in long white 
needles, which melt at 114*5®. It decomposes carbonates very slowly, but dissolves 
readily in ammonia and soda-ley, forming salts. By oxidation with chromic acid it is 
converted into parabromobenzoic acid. The ammonium salt forms precipitates with 
mercuric, mercurous, ferrous and lead salts, hut not with salts of aluminium, 
chromium, zinc, cobalt, nickel, or magnesium. 

Parabromobenzyl bromide reacts with ammonia at ordinary temperatures, forming 
triparabromobenzylamine, (0®H^BrOH^)®lSr, and the corresponding hydrobro- 
mide, (C®H'‘BrCH-)3N.HBr. The base crystallises fi^om alcohol in needles melting at 
78®-~79° ; the hydrobromide is deposited from the alcoholic liquid in yvhich it is formed, 
in white nacreous scales melting at 270®, insoluble in water and in alcohol, but easily 
soluble in ether (Jackson a. Lowery, Ber, ix. 1209). 

BarahroTnometahromohenzoic cmid, C^.CO^H.H.Br.Br.BL^. See Benzoic acids, 
Dibeomo- (p. 261). 

BaTobromorthonitraniline, C®.hrH2.N02.H.Br.H2. See Benzenes, Niteobeomamido- 

(p. 200). 

BarahTomjparanitrodipJienylt 0^-jB[®Br(NO“), m. p. 173° ; b. p. above 360®. See 
Diphenyl (p. 661), 

Barahutenylanisoih C»ff^O=:C«H^(OOH«).CH=:CH.CmOH«. Thisappears 
to be the compound formed, with separation of CO-, by heating methyl-paraoxy- 
phenylangelic acid, (Perkin, p. 506). 

Bar a chi or acetanilide, C®.NH(C“H®0).H.H.C1.H“, obtained by the action of 
acetyl chloride on parachloraniline, crystallises from acetic acid in long needles melt- 
ing at 172*5®. Treated with a mixture of nitric and sulphuric acids, it yields a nitro- 
derivative convertible by sodium carbonate into parachlororthonitraniline, 
C®.NH2.N02.H.C1.H^ (p. 202), (Beilstein a. Kurbatow, Ber, vii. 1760). 

Barachloramidotoluene. See Toluldines. 

Barachlorohenz amide and Anilide. See Benzoic acids, Chloro- (p. 262), 

Baracyananiline, is formed by heating para-uramido- 

benzoic acid : + 00^ + H-0, and crystallises in small white shining 

prisms melting at 86® (G-riess, Ber. viii. 860). 

Baradi'phenyl-'benzene. See Diphenyl-benzene (p. 665). 

Baradiphenyl-^oarhoxylio acid or Baraphenyl-henzoic acid, 
C®.C02H.H.H.C®H®.H“ (p. 667). 

Bar adinitroyhenyl^nitr anilines, NH(C®H^N02)[C®p[®(NO^)^]. See Ben- 
zenes, Niteobeomamido- (p. 199). 

Barahro mo salicylic acid and Aldehyde. See Tolxjic (Hydroxy-) acid and 
Aldehyde. 

Barahydrazoxydiidohenzene, See Pabazoxydiidobenzene (p. 1487). 

C®.NH(0“H®0).H.H.I.H^ is formed as a dark crystal- 
line precipitate by heating acetanilide with 1 mol. iodine chloride. It dissolves easily 
in hot water, and crystallises therefrom in white rhombic plates ; dissolves also in 
alcohol and in glacial acetic acid ; melts at 181*5°. On boiling it with hydrochloric 
acid and treating the resulting salt with ammonia, para-iodaniline melting at 60® is 
obtained. 

Para-iodacetanilide is decomposed by strong nitric acid, with separation of iodine ; 
but when its solution in glacial acetic acid is treated with nitric acid, para-iodo- 
nitranilide, 0®H®I(NO-)(NH2), is formed, which crystallises from alcohol in orange- 
yeUow needles melting at 122°, slightly soluble in water, more freely in alcohol and 
glacial acetic acid. It does not unite with hydrochloric acid (Michael a. Norton, 
B&r. xi. 107). 

B ara-io dohenzy I Compounds a. Jackson, Ber. xi. 55-58). — Bara- 

iodohenzyl bromide, C®HH.CH2Br = C®.CH^r.H.H.I.H^ formed by the action of 
bromine on |)ara-iodotoluen6 at temperatures above 115°, crystallises in white flat 
needles, having an aromatic odour, and melting at 78*75°. It sublimes in needles, 
and dissolves in hot alcohol, ether, benzene, and carbon bisulphide, but not in water. 

Bara-iodohenzyl alcohol, C^HH.OH^OH, produced by boiling the bromide with 



PARA-DERIVATIYES, AROMATIC. 1487 

'srater, forms white silky scales of unpleasant odour, melting at 71’76®, and dissolving 
easily in alcohol, ether, benzene, and carbon bisulphide ; sparingly in water. 

Fara-ioddbenzyl cyanide, crystallises from alcoholic solution in 

white pearly laminse, which melt at oO'o®, and resemble the preceding compounds in 
solubility. 

iPara-iodoalyhatohbio acid, C®H'^I.CH-.COOH, obtained by heating the nitril at 
100° with fuming hydrochloric acid, forms white pointed plates, of agreeable odour, 
melting at and subliming at a somewhat higher temperature. By oxidation 
with chromic acid it is converted into para-iodobenzoic acid. Its crystallises 

from solution in boiling water in brilliant plates, easily soluble in dilute nitric acid. 
The barium and calcium salts form easily soluble white needles. The zinc and ^nag~ 
ncsium salts are crystalline, and sparingly soluble. Precipitates are produced by an 
ammoniacal solution of the acid in solutions of cupric sulphate, lead acetate, mer- 
curous nitrate, aluminie and ferric chlorides, and nickel nitrate. 

Fara-iodoheiizylamines, — The bromide, when heated with alcoholic ammonia, yields 
a bulky precipitate, ^which is resolved by crystallisation into the two following bodies ; — 

1. Tri-yaraiodohenzylamine, (G®HT.CH-)^ISr, the less soluble product, crystallises 
in white needles, melting at 114*5°, and dissolving easily in ether, benzene, and 
carbon bisulphide. It forms with platinic chloride yellow needles of the salt, 
[(G«m.CH2)3NH]2PtCP. 

2. Di-yaraiodohenzylamine, (C®H^I.CH")-NBr, the more soluble product, forms 
white needles, melting at 7 6°. It forms with hydrochloric acid a salt, crystallising 
in thick white plates, of very high melting-point, easily soluble in carbon bisulphide 
and glacial acetic acid. The platinoehloride, [(C®H'‘iCH“)-lSrH=pPtGl®, forms pale- 
yellow crystals. 

JPara-iodohenzyl thiocyanate, C°H‘I.CH-.SOjS’, formed by the action of the bromide 
on potassium thiocyanate, crystallises in long white plates of pleasant odour, melting 
at 40°. It dissolves easily in ether, benzene, carbon bisulphide, and glacial acetic 
acid ; sparingly in alcohol. 

12 6 

iBar aldehyde salicylic cicziZ, C®.C02II.0H.H.H.C0H.H. See Benzoic acids 
(AiDEHTDO-OXY), p. 288. 

Barallyl-aniso'il, or Anethol, is formed, with evolu- 

tion of CO\ by the action of heat on methylparaoxyphenylerotonic acid, 
C«.OCH^H.H.C®HXCO-H).H2 (Perkin, p. 505). 

B ar a - nitr aniline, C^.KH-.H.H.NO^BL^. See Benzenes (Nitbahido-), p. 198. 

Baraoxyhenzoio acid and Aldehyde (pp. 285, 304, 1459, 1465). 

Baraoxyhenzyl Z, C®.OH.H.H.CH*OH.H2. See Oxtbenzvx Aecohods 

(p. 1468). 

B arapicrylnitr anilines and Bara^icrylmetayicrylamine. See Ben- 
zenes (Niteamido-), p. 199. 

Bar asulyhamine ~b en z oic or B arasulphoh enzamic acid, 

G®HXS02NB[2)C00H. See Benzoic Acids (Sulpho-), p. 294. 

B ar as ulyhob enzin. See Phenyl Sulphide. 

Barasulyhob enzicarboxy lie acid, C®H*(SO^)(C®H^)(C02H). See Sulphones. 

Barasulphohenzoio acid, G®.GO“H.H.H.SO®H.H-. See Benzoic Acids 
(Sulpho-), p. 293. 

Barathiobenzoate, Tolylie,Q'^'S}0,^,CW, See Thiobenzoic Acm. 

Baratolyl. See Toltl. 

Baravinyl-aniso'il, G®R(OOH®)(G“H®), is produced, with evolution of CO’*, by 
the action of heat on methylparaoxyphenylacrylic acid (p. 504). 

Bara-xylene, See Xthbne. 

Nv 

Barazoxy diiodobenzene, ~ I \0, is formed by heatinsr 

10 pts. pariodonitrobenzene, m. p. 171°-172° (vi. 269), with 16 pts. potassium 
hydroxide and 100 pts. alcohol. It crystallises in light yellow plates and scales, 
melts at 199° to 199*5°, is insoluble in cold alcohol, slightly soluble in hot alcohol, also 
in glacial acetic acid and in ether, easily in benzene, nitrobenzene, and carbon sul- 
phide. Heated for an hour to 100° in a sealed tube with alcoholic ammonium sulphide, 

NH 

it is converted into parahydrazodiiodobenzene, | , which crystallises 

NH 
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in -white or slightly yellow laminae or fiat needles, easily soluble in alcohol, glacial 
acetic acid, benzene, and nitrobenzene ; melts at a temperature above 100°. By boiling 
with hydrochloric acid it is decomposed, with separation of iodine. Its alcoholic 
solution, treated with ferric chloride or boiled with animal charcoal, yields parazodi- 

iodobenzene, ||, which crystallises in reddish scales, slightly soluble in 

cfira— N 

alcohol and glacial acetic acid, easily in hot benzene, nitrobenzene, and carbon sulphide, 
melts at 237°, and volatilises at higher temperatures, leaving a trace of ^ charcoal. 
The same compound is obtained by dissolving parazoxydiiodobenzene in strong 
sulphuric acid, and separates on cooling in brown needles having a steel-blue lustre, 
while immersed in the liquid (aabriel, Ber. ix. 1405). On the corresponding meta- 
compounds, see p. 1287. 

p p A ■n rrtTnpAd’B'MTw. One of the numerous substances obtainable, according 
to Schmiedeberg {Bharm. e/i Trans, [3], v. 741), from Digitalis. 

PARABZPXC ACXB, and PARABXPXRIAliXC^ ACXB, 

See Aceylic Acid (pp. 46, 47). 

PARAFFXlNrS, On Paraffins from Petroleum, see PETEoXiB'OM. 

The several paraffins, Methane, Ethane, Propane, Butane, Pentane, Hexane, and 
Octane, are described in their alphabetical places. 

On heptane, O’H^®, from Pennsylvanian petroleum and the alcohols derived from 
it, see p. 1024. 

Heptane from JPinm saUniana. This tree, which is indigenous in California, 
and is known locally as the Nut Pine or Bigger Pine, yields, when incisions are made 
in its bark, a terebinthinate from which, by distillation, an oily hydrocarbon is 
obtained, known in San Francisco as an article of commerce ^ under the names of 
abietene, erasine, aurantine, theoline, &e., and used as a substitute for benzolin or 
petroleum-benzene for removing grease-spots, paint-stains, &c., from clothing. It is a 
nearly colourless, mobile liquid having a strong aromatic odour, recalling that of 
orange-oil, and differs greatly in most of its physical properties from the terpenes 
obtained ffiom most coniferous trees, boiling, after rectification, at 101®. and having a 
sp. gr. of 0*694 at 16*5°, whereas oil of turpentine boils at 160°, and has a sp. gr. of 
0*840 at about the same temperature (W. Wenzell, Pharm. J. Trans, March 30, 1872). 

This hydrocarbon has been further and very carefully examined by T. E. Thorpe 
{Chem. Soc. J, xsxv. 296), who has shown that it consists of normal heptane, 
CH®.(CH2)^CH®. It affords the first instance of a paraffin playing the part of 
turpentine-oil in the vegetable kingdom, the only natural sources of heptane hitherto 
known being petroleum, and some of the fossil-fish oils obtained from Greenland, 
Switzerland, and other places. 

The crude oil when distilled began to boil a little below 1 00®, the greater part 
distilling below 101°. The residual portion darkened slightly, and left on evaporation 
a small quantity of brown resinoid matter having in a very high degree the peculiar 
smell of the oil, indicating that the odour of the crude oil might be due in great part 
to the resin in solution ; and this proved to be the case, for on agitating the oil with 
strong sulphuric acid, the acid became brown, and the liquid when again distilled was 
found to have lost the smell of orange oil. 

The pure oil boils at 98*42® under a pressure of 760 mm. Its sp. gr. in the state 
of vapour is by experiment 49*94; by calculation 50*07 (H= 1) ; in the liquid state 
0*70057 at 0°. Its rate of expansion by heat is represented by the formula : 

1 + 0*00121023 ^ + 0*00000111331 + 0*00000001174 


where t is the temperature reckoned from 0®. 

The volume at 0® being 1, that at the boiling point is 1*14111 : hence the sp. gr. 
at this temperature is 0*61393, which gives for heptane the specific volume 162*54. 
Kopp’s values (0=11; H = 5*5) gave the number 165. 

The refractive index of the heptane for the line D, determined by the method of 


minimum deviation is 1*3879. 


Its specific refractive energy, ^ \ where d is the' 


density of the liquid at 17*6®, is 0*665 ; whence the molecular refractive energy is 
56*4, a value agreeing closely with the computed number 65*8 deduced from Landolt’s 
data, G = 5, H= 1*3. 

The heptane is slightly active to polarised light, producing in a column 200 mm. 
long a deviation of 6® 9'. 

On the viscosity and surface-tension of the liquid, see the original paper (pp. 302- 
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A comparison of the sp. gr. and boiling point of the heptane firom I*inus sabiniana, 
with those of normal heptane from petroleum and of heptane obtained by heating 
azelaic acid with caustic baryta, yields the following results : 


Boiling point . 
Sp. gr. at 0° . 


ITormal Heptane 
from Petroleum 
. 98®-98'6= 

(bar. 750*3 mm.) 
. 0-7301 


Heptane from 
Azelaic add 
98°-99® 


Heptane from 
P. Sabiniana 
98 - 42 ^ 


0-7000 0-70057 


With the exception of the higher sp. gr. of the petroleum heptane, which is at 
present unaccountable, these values point to the conclusion that the heptanes from 
these three sources are identical. 

Solid jp araff ins, Occicrrence in Lava. — A lava from Paternd, at the foot of 
Etna, was found by 0. Silvestri {Gazz. chim. ital. 1877, 1) to contain a petroleum 
(1 per cent, of the rock) yielding 42*79 per cent, of solid paraffin, together with 
17*97 per cent, of a liquid hydrocarbon boiling at 280®, 31*95 per cent, of another 
boiling at 280®~4(Jb®, together with 2*90 per cent, asphalt, 12 ash, and 4*39 sulphur. 

Purification. — ^Eordred {Monit. scmvt. [3], iii. 826) purifies crude paraffin by 
melting it, leaving the mechanical impurities to settle down to the bottom of the liquid 
mass, and then transferring it to small vessels to cool. The cakes are next warmed 
again till they become kneadable, and in this state the paraffin is finally washed with 
a solution of 10 pts. soft soap in 90 water, and heated to about 38° C. The colouring 
matters, and any oils that may be present, are transferred by this treatment to the 
soap-water, and the solid paraffin comes out purified and bleached. 

An apparatus.for decolorising paraffin by means of pulverised animal charcoal is 
described by L. Rahmdohr {Dingl. pol. J. ccxvi. 244). 

On the Estimation of Paraffin in Stearin-candles, see Bonath {Dingl. 'pol. J. ccviii. 
305; Chem. Soc. J.-xx.vm. 1058). 

Specific Gravity. — The sp. gr. of paraffin in the solid and fused states has been 
determined by .^hrecht (Dingl. ccxviii. 280), with the following results ; 



ilelting 

Specific gravity i 


point 

at 17° 

at 55° 

at 600-65° 

Solar oil and Paraffin . 

38° 

0*872 

0-779 

i 

Secunda Paraffin 

43 

0*883 

0*788 

— 

Secunda Press-paraffin . . i 

43 

0*889 

0-785 

— 

Secunda Para& 

46 

0-887 

— 

0*781 

Prima Press-paraffin . 

47 

i 0-900 

— 

0-775 

J j> ... 

51 

0-908 

— 

0-775 

Hard Paraffin .... 

56 

0-912 

— 

0*777 


These numbers show that paraffins expand considerably in melting. Albrecht 
also observed that solutions of par affin in mineral oils have lower specific gravities than 
either the oils and the paraffins separately, so that in selecting for technical purposes 
lubricating oils of as great a density as possible, it is best to take paraffin oils from 
which the greater part of the solid paraffin has crystallised out. 

Oxidation. — ^When paraffin is exposed for some time at 120° to a stream of air or 
oxygen, an absorption of that gas takes place. The same action takes place with coal, 
and may explain the increase of weight often observed when coal is dried in heated 
air (Jaznnowitsch, Bex. viii. 768). 

Gr. Pouchet (Compt. rend. Ixxix. 320) finds that paraffin (m. p. not stated), treated 
with fuming nitric acid at a temperature not exceeding 110°, till it assumes a buttery 
consistence, yields a product from which water extracts butyric, valeric, caproic, 
cenanthylie, caprylic, capric, and suberic acids, together with nitrated fatty acids, 
chiefly nitrocaprylic and nitrocapric. When a mixture of sulphuric and nitric acids 
is used, the product yields to water nothing but suberic acid, and a peculiar deli- 
quescent crystalline acid soluble in water and alcohol, while the portion insoluble in 
water consists of a solid acid called by Ponehet paraffinic acid, which, when purified 
by saponification, &c., has the composition whence it may be inferred that 

the particular paraffin operated on consisted of Paraffinic acid is described 

as a whitish-yellow solid, smelling lik6 wax, easily decomposed by heat, and burning 
with a bright smoky flame ; insoluble in water, moderately soluble in dilute, easily in 
strong alcohol, also in ether, chloroform, benzene, and petroleum, and separating from 
the alcoholic solution by slow evaporation in nacreous laminse. Nitric acid converts 
Von. Vm. 6 B 
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it into suberic acid and uitro-derivatives of fatty acids. Heated '9dth potash lime, it 
yields parafSus, solid and liquid, together "with olefines. 

Gill a. Meusel, by osidising paraffin (m. p. 66°) with chromic acid mixture, obtained 
cerotic acid (ri. 421). This acid was not observed by Pouchet amongst the products 
of oxidation with nitric acid. 

Hiteopakafi’Ins. 

IffitrometHane, CH^NO^. This compound, already described in vol. vii. p. 8.93, 
has been further examined by Preibisch (Jl pr. Chem, [2], vii. 480 ,* viii. 309). In 
preparing it by heating potassium monoehloracetate with potassium nitrite (Kolbe’s 
method), the result is the same whether the solutions are concentrated or dilute, the 
only difference being that in the latter case the liquid does not froth so much. 
Among the secondary products ammonium carbonate was found, the presence of which 
caused the blackening of the liquid and the loss of nitromethane. 

Dry ammcnicL does not act on nitromethane, but aqueous ammonia dissolves it, the 
liquid soon darkening, and carbon separating out. When a little j^ater is added to a 
mixture of alcoholic ammonia and nitromethane, and the solution is evaporated under 
the exsiccator, a small quantity of fine brownish needles is obtained, which soon 
undergo complete decomposition, even if kept in a closed tube. Nitromethane, heated 
with iron-ijilhigs, acetic add, and water, is converted into methylamine. ^ 

The codium-compoimd, CH'^NaNO^ is conveniently prepared by precipitating an 
alcoholic solution of nitromethane with alcoholic soda, and washing the precipitate 
once with alcohol on the filter-pump. In the moist state it soon turns yellow, and it 
is therefore advisable to use only a small quantity of nitromethane for each operation. 
With an alcoholic turmeric solution it produces a deep-red colour. Sodium-nitro- 
methaue acts violently on acid chlorides, but no definite compounds could be obtained; 
neither was an isomeride of nitrotoluene formed by acting on it with bromobenzene. 
Chlorine and bromine do not act on nitromethane, even in sunshine, whereas by 
leaving it in contact with a mixture of nitric acid and sulphuric acid for some weeks, 
a body was formed exploding most violently on distillation. When nitromethane is 
mixed with hleaching powd&r and a little water, a brisk evolution of gas sets in, and 
chloronitromethane, CH-CINO^ distils over. This compound boils at 98° and 
has a very pungent and irritating smell. The corresponding bromine-compound could 
not be obtained in the pure state. Nitromethane is not acted upon by phosphorus 
pentoxide, or by concentrated sulphuric acid ; but, on heating it gently with fuming 
suly)huric acid, a violent reaction sets in, carbon monoxide and sulphur dioxide being 
given off, and hydroxy lamine sul phate produced ; CH^NO® = CO + NH**0 (p. 1074). 
Heated with hydrochloric add (sp. gr. 1T4), best in a sealed tube at 160°, it yields 
hydroxy lamine and formic acid, CH®N0^ + H"0=:NH®0 + CHW (Meyer a. 
Locher, JBer. viii. 219). By heating with an alcoholic solution of caustic soda, nitro- 
methane is converted into the sodium salt ofmethazonicaeid, C^H'‘N“0* (.p. 1301.). 

On nmio-'hromonitTomethamy formed by the action of bromine on sodium-nitro- 
methane, and dihroTiionitromcthane, produced from it by the action of bromine and 
potash-ley, see Tscherniak (vii. 894). 

XTitroethane, C^H^NO^. This compound, gently heated with fuming sulphuric 
acid, is converted into ethylen e-disulphonie acid, C^H'‘(SO®H)^ (p. 756). iZy- 
drochlorio acid, of sp. gr. 1T4, acts upon it in the same manner as on nitromethane, 
yielding hydroxylamine and acetic acid. According to Werner {Jen, Zeitschr. 
[2], iii. 2nd Suppl. 70), the same reaction is also produced by sulphurous acid. 

When potassium nitro-ethane, C^H‘*K(NO“), is added to solution of diazohenzcne 
nitrate (obtained by adding nitraniline to a dilute solution of potassium nitrite, and 
filtering from a yellow insoluble compound formed at the same time), a yellow acid 
body is precipitated having the composition C^H®N^O'‘= C^H'^NO^. N-.O^H'^NO- This 
body forms,^ when pure, a yellow powder soluble with red colour in alkalis, and easily 
soluble in hot alcohol. The sodium salt is sparingly soluble in water ; its solution 
gives coloured precipitates with silver, copper, and lead salts. When treated with tin 
and hydrochloric acid, the acid yields a body which forms with stannic' chloride a crys- 
talline compound agreeing in composition with the formula 0®H^®N'‘OP.SnCl‘*. The 
formation of this body may perhaps be represented by the equation C®H^N^O‘* + H^'‘ + 
2HCl = 4H20 + C8H'eN4CP (Hallmann, Bcr. ix. 389). 

When diazohromohenzene nitrate (obtained by adding potassium nitrite to a solution 
of parabromaniline in nitric acid) is mixed with potassium-nitroethane, a precipitate 
is formed, having the composition C^H'^Br.N^ C2H^(N02)K. This salt separates from 
alcoholic solution in shining brick-red crystals soluble in ether, chloroform, &c., melt- 
ing with decomposition at 136°-138°. Its solution gives with cupric sulphate a 
greenish-yellow precipitate, with lead acetate a light red precipitate, and with silver 
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nitrate a precipitate of a deep orange colour soon turning black (H. Wald, B&r, ix. 
393). 

On Bfomo- and Dihrmnonitroeihane, see vii. 805. 

Binitro ethane, OH®. CH(]SiO^- (E. terMeer, Ber. viii. 793, 1080), 

The potassium-derivative of this compound is formed by the action of potassium 
nitrite and alcoholic potash on monobromonitroethane : 

CH®.0(^^0-)BrH + KNfO® + KOH = KBr + H=0 CmOK(KO“). 

It is best prepared by dissolving 21 grams of monobromonitroethane in twice its 
weight of alcohol, and adding first a solution of 12 grams potassium nitrite in the 
same weight of water, and then gradually 45 pts. of alcoholic potash (1 .* 5). After 
standing for one to two hours, the crystals which have separated out are first washed 
with alcohol and ether, and then with water to remove the potassium bromide. On 
adding a dilute acid to the potassium compound, dinitroethane separates out as a 
colourless, very refractive liquid, having a peculiar sweet taste, and a faint alcoholic 
smell. It boils 185°-186*^ (cor,), and has, at 23'5®, the sp. gr. 1*3603. It is a 
tolerably strong acid, which even decomposes carbonates, though not readily. ThtpotaH'^ 
siimi salt forms yellow glistening monoclinie crystals, c : b : c = 0*58124 : 1 : 0*99016. 
It is sparingly soluble in cold water, readily in hot water, and insoluble in absolute 
alcohol ; when exposed to light it acquires an orange colour. The sodium salt is a 
very similar body, but dissolves more freely in water and alcohol. The barium salt 
crystallises in yellow needles or small plates; and the very explosive silver salt, 
CH®.C(NO^)^Ag, forms small yellow plates having a metallic lustre and dissolving but 
sparingly in water 

The aqueous solution of the potassium salt is not precipitated by calcium, barium, 
strontium, aluminium, cobalt, or ferrous salts. Ferric chloride forms a reddish-brown 
precipitate ; lead acetate a pure yellow crystalline precipitate ; basic lead acetate a 
bulky yellow precipitate; copper sulphate a pale blue: and mercuric cliloride a 
light brown precipitate. Mercurous nitrate produces a greyish-black precipitate, 
soon changing into colourless crystals. 

By reduction with tin and hydrochloric acid, dinitroethane ought to yield aldehyde 
and hydroxyiamine, seeing that dinitropropane, as shown by Meyer {infra), yields 
by reduction hydroxyiamine and acetone. But only a trace of aldehyde was actually 
obtained, the products being acetic acid, ammonia, and hydroxyiamine. This is 
easily explained on the supposition that the aldehyde in the nascent state is oxidised 
by hydroxyiamine, and this was confirmed by experiment. On passing the vapour of 
aldehyde mixed with carbon dioxide into a boiling solution of pure hydroxyiamine 
hydrochloride containing a little freshly prepared spongy platinum, the hydroxyiamine 
was soon reduced to ammonia. The reactions which take place in the reduction of 
dinitroethane may therefore he represented by the following equations : 

(1) . CH®.C(N-0=)-H 4H- = Cm.OOIL + 2NH20H + mO 

(2) . OH®.COH -i- = CH®. COOH + lOi®. 

Monohromodiniiroethane, CH®.OBr(N'0®)', is produced on adding bromine-water to 
an aqueous solution of potassium-dinitroethane, and separates as a heavy colourless 
oil having a highly pungent odour. It decomposes when distilled alone, but volatilises 
uudecomposed with steam. By potash either in aqueous or alcoholic solution, and 
even by potassium carbonate, it is decomposed, with evolution of oxygen and reproduc- 
tion of potassium dinitroethane : 

CH®.0Br(N02)2 ^ 2KOH - CH®.CK(N02)® + XBr H=0 + 0. 

Nitro-^allylethane, appears to be formed on adding allyl 

iodide to a solution of nitroethane in a quantity of alcoholic potash sufficient for the 
production of potassium-nitroethane. A brisk reaction then takes place, attended 
with separation of potassium iodide, and the filtrate, when mixed with water, deposits 
an oil which cannot be distilled without decomposition. This oil, reduced with zinc 
and hydrochloric acid, yields a liquid amine which boils at 85°, dissolves in water 
and in alcohol, is separated from the aqueous solution by potash, reacts strongly with 
carbon disulphide, but does not form with it a crystaUisable compound. The platino- 
chloride of this amine ciystaUises from water in yellow laminae, and gives by analysis 
a quantity of platinum, indicating that the formula of the amine is Hence 

it is probable that the oily nitro-compound from which the amine is formed is nitro- 
allylethane, C®H®.NO® (H. Gal, Compt. rend, Ixxvi. 1354). 

Witropropanes. Normal n i tropropane, CH®. CH®.CH^(NO®), formed by the 
action of propyl iodide on silver nitrite (vii. 895), boils, according to Cahours {Gompt. 
rend. Ixx^i. 749), at 125‘°-128°, and bums with a yellowish fiame. By nascent 

5 D 2 
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hvdrogm it is converted into propylamine ; by alcoholic soda into the sodium salt, 
-^hieh crystallises in laminse slightly soluble in alcohol. 

Normal nitropropane is decomposed by dilute hydrocMoric acid in the same manner 
as nitroethane (p. 1490), yielding hydroxylamine and propionic acid. Iso- 
nitropropane, on the other hand, is converted by hydrochloric acid into a black-brown 
greasy substance containing a large quantity of ammonium chloride (Meyer a. Locher, 
Ber. viii. 219). 

On Bromonitropropanes, see Meyer a. Tseherniak (vii. 896). 

JDinitropropane, G®H®(N02)2. Of this compound two modifications are known, 
distinguished as a and ^8. 

a-JOinitropropane, CH^.CH^ CH(N02)2, is obtained by treating 27 pts. of normal 
monobromonitropropane, CHBrNO^ with 27 pts. ^eohol and 28 pts. of an 

aqueous solution of potassium nitrite (1 -* 1), and immediately adding^ 54 pts. of 
alcoholic potash (6 : 1), and separating the resulting potassium a-dinitropropane, 
CH®.CH^.O(N02)-K, from the potassium bromide which is deposited at the same time, 
hy recrystailisation from hot water. This salt forms light yeUoC explosive laminae, 
resembling those of dinitroethane, easily soluble in hot water, insoluble in absolute 
alcohol and in ether. On adding it (either pure or in the crude state mixed with 
potassium bromide) to dilute sulphuric acid, c-dinitropropane is obtained as a colour- 
less, nearly scentless oil, having a density of 1*258 at 22‘5°, remaining liquid at —17°, 
and boiling at 189® (corr. 192*5°). It forms coloured precipitates with salts of the 
heavy metals, The silver salt, CH’*.CH2.C(N02)2Ag, forms greenish-yellow explosive 
laminse (E. ter Meer, Ber, viii. 793 and lOSu). 

^-Binitropropane, CH^C(N02)2.CH^ is obtained by oxidation of propyl-psendo- 
nitrole, OH^C(NO)(NO-).CH®. For this purpose 2 pts. of dry finely pulverised 
propyl-pseudonitrole are drenched with 16 parts of glacial acetic acid, and 4^ pts. 
chromic acid are added, the liquid being at the same time gently heated, so that the 
reaction-temperature may not exceed 76°. When the action is complete, the mixture 
is poured into water, the acetic acid neutralised with aqueous alkali, and the product 
of the reaction separated either by extraction with ether or by distillation with steam. 
This same compound is produced in small quantity in the decomposition of propyl- 
pseudonitrole by heat. After distillation with steam and drying over calcium 
chloride, it forms dazzling-white crystals melting at 53° ; it boils without decom- 
position at 185'5°. The crystals sublime below their melting point; volatilise easily 
with vapour of water ; deliquesce in alcohol, ether, and glacial acetic acid ; dissolve 
but sparingly in water, and not at all in aqueous alkalis (Meyer a. Locher, Ber. 
vii. 1613). 

XTitrobntanes. Normal nitrobutane, OH^.CH^NO^), prepared by 

the action of silver nitrate on well-cooled normal butyl iodide, is a colourless liquid, 
lighter than water, distilling without decomposition at 151°~152°, soluble in caustic 
potash. It is easily converted into butylamine by the action of tin and hydrochloric 
acid ; resolved by heating with hydrochloric acid to 140° into hydroxylamine hydro- 
chloride and normal butyric acid ; converted by nitrous acid into normal butylnitrolic 
acid. 

Normal monohromoniirobuta^ie, CH^.CH^.GH- — GHBr(N02), prepared by the action 
of bromine on normal potassium-nitrobutane, is a heavy oil, boiling at 180°~181°. 
The dibromoQiitrobutam obtained by the action of bromine on a mixture of normal 
nitrobutane and caustic potash, is a heavy, yellow oil, insoluble in caustic potash, 
boiling at 203°-204° (JT. Ziiblin, Ber. x. 2083). 

Normal dinitrobutane, C®H’’CH(NO®)“, is prepared by slowly adding dilute sul- 
phuric acid to a mixture of potassium nitrite and normal monobromonitrobutane dis- 
solved in excess of caustic potash, until a blue colour is produced. Caustic potash is 
then added, the resulting pohissium dinitrobutane acidified with sulphuric acid, and 
the dinitrobutane extracted with ether. It is a yellow oil, boiling at 190°. but de- 
composed by distillation. The potassium salt forms brilliant golden scales, soluble 
in water and in alcohol. The aqueous solution gives with silver nitrate a precipitate 
of silver-dinitrobutane, which can be obtained by recrystailisation in large scales, 
appearing yellow by transmitted and bluish violet by reflected light. 

Normal monobromodmitrobutane, C*H^.CBr(NO")^, obtained by acting on potas- 
sium dinitrobutane with bromine-water, is an oily liquid, decomposed by distillation 
(Ziiblin, loe. cit.) 

Isonitrobntane, (CH^)-OH.CH^(NO^), which Lemole obtained by the action of 
silver nitrite on isohutyl iodide, has been already described (vii. 897). Isobromo- 
nitrobutane, (CH®)2CH.GB[Br(NO“), is a heavy oil, boiling at 173°-175°, and other- 
wise resembling its isomeride, 
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Isodinitrobutane, (CH®)“CBLCH(HO“)", is a yellowish oil decomposing when dis- 
tilled. Its potassium and silver salts crystallise in yellow shining needles. Iso- 
hroinodmiirobutane, (CH^)"CH.CBr(NO^)^ is obtained by the action of bromine- water 
on an aqueous solution of potassium-isodinitrobutane. and purified by treatment with 
sulphurous acid to remove free bromine, washing with caustic soda, and distillation in 
a current of steam. It is a colourless vitreous body, resembling camphor in appear- 
ance, having a pungent odour, and melting at 38°. Its potassium salt, treated with 
diazobenzene nitrate, yields isonitrdbutyl-azo^^henyl, C®H 5 
as a yellowish oil, dissolving with yellow-red colour in alkalis (Ziibiin). 

Secondary Nitrobu tan e, CH®.CH-.OH(NO-).OH®, is prepared by the action of 
secondary butyl iodide (120 pts.) on silver nitrite (150 pts.), the latter being mixed 
with an equal weight of previously ignited sand. The reaction is attended with con- 
siderable rise of temperature ; normal butylene is given off; and the residual mass 
consists of a mixture of secondary nitrobutane and butyl nitrite, which are but imper- 
fectly separable by fractional distillation. The nitrobutane (not quite pure) thus 
obtained is a colotSfless oil having a peculiar odour, boiling at about 140°, and con- 
verted by repeated agitation with potash and potassium nitrite into butyl-pseudo- 
nit role, CH®.CH-\C(NO)(NO*).CH® (V, Meyer a. Locher, Ber, vii. 1506). 

Tertiary nitrobutane, (GH^)^C(NO^), is formed in small quantity, together 
with butyl nitrite and oxides of nitrogen, by the action of silver nitrite on tertiary 
butyl iodide. It is a colourless liquid, smelling like peppermint and boiling betw'een 
110° and 130°. Like nitrobenzene, it has no acid properties, the carbon-atom to 
which the NO--gronp is attached not being also combined with a hydrogen-atom. 
Accordingly it does not yield a bromo-derivative when treated with bromine and 
potash ; neither is it converted into a pseudonitrole by treatment with dilute sulphuric 
acid, potassium nitrite, and potash (Tscherniak, Liehig's Annalen, clxxx. 155). 

Nitrolic Acids and Bsettdonitroles. 

(1) . The nitrolic acids, may be represented by either of the two 

following constitutional formulae, in which R stands for having any integral 

value from 0 upwards : 

(1). (2). E.CO.NH.KO^-' 

The first of these formulae agrees best with the modes of formation of the nitrolic 
acids, the second with their decomposition by heat and by sulphuric acid. 

Nitrolic acids are produced : 1. By the action of nitrous acid, or better of potassium 
nitrite and sulphuric acid, on the sodium derivatives of primary nitro-paraffins, or on 
solutions of these nitro-compounds in caustic potash or soda : 

B.OH*NO^ + NO.OH = H*0 + EC<^^ 

2. By the action of the dibrominated nitroparaffins on hydroxylamine : 

E.CBr=.NO"- + KmOH = 2HBr 4 

(2) . Pseudonitroles, C°H‘'^'^kC(N'0)(N02).GPH^+^ are formed by the action of 
potassium nitrite on secondary nitro-paraffins, thus : 

E.GH(N02).E' 4- NO.OE: = KOH + E.G(NO)(N02).E'. 

WCetbyl-nitroUc iloid, = H(N02)Cb=:N.OH. _ This acid is very 

unstable in aqueous solution, so that its preparation requires special precautions. The 
following method is given by Tscherniak {Ber. viii. 114) : Nitromethane (15 grams) is 
treated with a quantity of water just sufS.cient to dissolve it, and the solution is mixed 
with a moderately dilute solution of potassium nitrite (8 grams) and cooled to 0° by 
addition of a large quantity of ice. A mixture of sulphuric acid (4 grams) "with^ a 
large quantity of water is also cooled by ice, and slowly poured into the first liquid, 
to which, thus diluted, weak aqueous potash is first added till it turns red, and^ then 
again dilute sulphuric acid till the colour disappears. To remove any free nitrous 
acid, the solution is shaken with a little precipitated chalk, after which the nitrolic 
acid is dissolved out by ether, and the solution evaporated over sulphuric acid. 

Methylnitrolic acid thus obtained forms large brittle crystals resembling the ethyl- 
compound ; from a dilute ethereal solution it separates in long needles. It decom- 
poses slowly at ordinary temperatures, rapidly at 64°, into formic acid, nitrogen, 
and nitrogen tetroxide: 

2CH2N203 = 
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By boiling with dilute sulphuric acid, it is resolved into formic acid and nitrogen 
monoxide : 

= CH^O^ + N^O. 


Etbylnitrolic Acid, C2HWO® = GH-\]SiO-)Ci=N.OH (V. Meyer a. Locher, ^er. 
vi. 1494; Meyer, ihid.vii. 425). The preparation of this compoxmd by the action of 
potassium nitrite and sulphuric acid on an alkaline solution of nitroethane has been 
already described (vii. 564). It is essential that the nitroethane be first dissolved in 
the alkali ; for if the nitroethane and sulphuric acid be added simultaneously to a 
solution of potassium nitrite, no ethylnitrolic acid will be produced. 

Ethylnitrolic acid crystallises in light yellow, transparent, highly lustrous prisms, 
very much like saltpetre ; by slow evaporation of the aqueous or ethereal solution it 
is easily obtained in crystals an inch long. According to Kenngott’s measurements, 
they belong to the orthorhombic system, exhibiting the combination ooP.oo f cc.Poo . 
The angle of the brachydiagonal prismatic edge is approximately 108° 30'; that or 
the teminal edge of the transverse dome 47° 30'. The acid has a^trong sweet taste 
and acid reaction. It dissolves readily in all the ordinary solvents, and its difference 
of solubility in cold and slightly warm water is so great that a solution saturated 
merely at the heat of the hand deposits an abundant crop of crystals a few minutes 
after the hand has been removed. 

The ethylnitrolates of sodium, potassium, ammonium, and barium dissolve in 
water, with a deep red colour, but have not been obtained in the pure state. Water 
is required for their formation, inasmuch as nitroethane dissolves in an ethereal 
solution ofanamonia without coloration, but on adding a trace of water, the liquid 
assumes a deep red colour. The action of alkalis on ethylnitrolic acid is so sensitive 
that this acid might be used as an indicator in alkalimetry. The ethylnitrolates of 
the heavy metals are coloured unstable precipitates, very easily changing into nitrites. 
The lead salt has a brilliant orange colour, and the silver salt is egg-yellow, 

Ethylnitrolic acid, heated to 80O-81°, melts and suffers rapid decomposition, giving 
off nitrogen tetroxide and free nitrogen, and leaving glacial acetic acid : 

2C2H^N203 = 2C-H<02 4- N02 + W. 

The same^ decomposition goes on slowly at the common temperature, and quickly on 
boiling with an alkali. In these decompositions a small quantity of a white solid, 
containing nitrogen and melting at 61°, is always formed. 

Ndscsnt hydrogen obtained from tin and hydrochloric acid or sodium-amalgam, 
converts the acid into acetic acid, nitrous acid, and ammonia — 

+ H2 + H^O = + NO^H + 


Strong sulphunc acid^ when employed in excess in order to moderate the reaction, 
decomposes it into acetic acid and nitrogen monoxide: = 

4- N“0. 

These decompositions are most readily explained on the supposition that etliyl- 
nitrolic acid contains the radicle acetyl, as represented by the second of the two general 
formulae on p. 93, e.g, 

CB:3co,]srH.hro2 = ch^.oo.oh + n^o 

(Yictor Meyer, Ber. vii. 425). 


^ Propylnitrolic Acid, = CHI CH2(N02)C=:M~0H, maybe prepared 

either by passing nitrous acid into a solution of nitropropane in potash, and adding sul- 
phuric acid, or by the action of dibromonitropropane on hydroxylamine Hydroxyl- 
amine hydrochloride (7 pts.), dissolved in a small quantity of water, is decomposed 
with the exact quantity of baryta-water required, and dibromonitropropane (2 pts ) 
prepared from primary nitropropane is added to the mixture ; the mass, after being left 
to Itself two days at the ordmary temperature and frequently shaken, is acidulated^th 
sulphuric acid and agitated with ether ; the resulting ethereal solution is purified by 
mixing it with soda-ley, acidulating with sulphuric acid, and exhausting with ether • 
and the propyl-nitrolic acid which remains after the evaporation of the ether is 
finally punfied by once recrystallising it from the same solvent (Meyer a. Lecco, Ber. 
IX, 395). 

Propylmtrolic acid crystallises in light yellow prisms having a sweet and biting 
taste, easily soluble in water, alcohol, and ether, coloured deep red by alkalis melting 
at 60 and decomposing at higher temperatures with violent evolution of red vanours 

sodium-amalgam water it is resolved into ammonia, nitrous acid and 
probably also propionic acid ; by strong sulphuno acid into propionic acid and 
nitrogen monoxide. When left to itself in a sealed tube it begins to decompose 
in four or five weeks ; on subsequently opening the tube, red fumes escape with vio- 
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lence, and the residual liquid is found to consist of propionic acid. The metallic 
propyhiitrolatcs quipklj decompose in the same manner as the ethylnitrolates, 
yielding nitrites (V. Meyer, Liebig's Annalen, clxxr. 114). 

PropylpseudLonitrole, CH®.G(5TO)(l!s'O^.GH®. "When an alkaline solution oi 
secondary nitropropane is treated with potassium nitrite and sulphuric acid, the liquid 
assumes a fine deep blue colour, and propylpseudonitrole is separated in the form 
of a white sandy powder. This compound, isomeric with propylnitrolic acid, is in- 
soluble in water, alkalis and acids, not very freely soluble in cold alcohol or chloro- 
form, but readily in the hot liquids, forming bine solutions from which it crystallises 
on cooling. By slow eyaporation from the chloroform solution it is obtained in large 
colourless glassy monoclinic crystals, haying the axial ratio a : 5 : c = 1*2911 : 1 : 
0*6672. It melts at 76° to a deep blue liquid, which solidifies on rapid cooling to a 
colourless mass, but when further heated, is converted, with brisk evolution of gas, 
into an oil which no longer solidifies. "WTien suspended in water it is not acted upon 
by sodium-amalgam in presence either of acid or of alkali, hut in alcoholic solution it 
is decomposed ^ sodium -amalgam, with decolorisation, and formation of sodium 
nitrite and a white flocculent sodium-compound. When gently heated with strong 
sulphuric acid, it gives off a large quantity of a gas which extinguishes fiame. It is 
partially decomposed by boiling water, and when heated with aqueous alkalis it gives 
off nitrogen, and forms a nitrate. By oxidation with chromic acid it is converted into 
dinitropropane, CH®.G(]S'0=)2.CH* (p. 1492), (Meyer, Liebig's Anoialen^clsxv. 120). 

Butylnitrolic Acid, = C^H'.(]SiO®)G™]Sr. OH, obtained by the action 

of potassium nitrite and sulphuric acid on an alkaline solution of primary nitro- 
butane, is not ciystaliisable, but remains as a syrup on evaporation of its ethereal 
solution. It forms red alkaline solutions, and yields with silver nitrate an orange- 
coloured precipitate which quickly decomposes with formation of nitrite. By strong 
acid, it is resolved into isobutyric acid and nitrogen monoxide (Bemole, Ber, 
vii. 790). 

^ Butylpseudoni^ole, C2H^C(ISrO)(HO-).CH^ is obtained by repeatedly 
agitating secondary nitrobutane "with potassium nitrite and potash-ley as long as it 
continues to dissolve, removing the oil (isobutyl nitrite) which floats on the surface of 
the liquid, and mixing the alcoholic solution with dilute sulphuric acid, whereby the 
pseudonitrole is separated as a blue liquid solidifying on cooling to a nearly colourless 
mass which may be purified by triturating it 'with dilute potash-ley, then washing it 
■with water, and dried by aid of heat. Butylpseudonitrole resembles the correspond- 
ing propyl-compound in its relations to solvents, and in being white in the solid, blue 
in the liquid state, but differs from it by melting at a lower temperature, namely, at 
58° (Meyer, Ber, vii. 1506). 


The modes of formation and the colour-reactions of the nitrolic acids and pseudo- 
nitroles may be utilised as a means of distinguishing between primary, secondary 
and tertiary alcohols of the series G“H^'^*OH. Since the formation of nitrolic 
acids is determined by the presence of the group CH^RO^ and that of pseudonitroles 
by the group CH.NO-, and consequently the tertiary nitro-derivatives of the fatty 
series cannot give rise either to nitrolic acids or to pseudonitroles, it follows that the 
three classes of alcohols may be distinguished by the following reactions. A quantity 
of dry silver nitrite, mixed with an equal weight of previously ignited sand, is intro- 
duced into a small distillation-flask fitted with a side-tube ; the hydriodic ether of the 
alcohol under examination is then added; the mixture, after the reaction has begun, 
is distilled over an open flame without a condenser ; and the distillate, received in a 
test-tube, is shaken up with potassium nitrite and potash-ley, and then acidulated 
with dilute sulphuric acid. If no coloration of the mass ensues, the alcohol-radicle 
present is a tertiary, whereas a red coloration indicates the presence of a primary, 
and a blue coloration that of a secondary radicle. The reaction may be recognised 
with great distinctness with the use of not more than 0*3 to 0*5 grm. of the alcoholic 
iodide (Meyer a. Locher, Ber. vii. 1510). 


BABAGBOBtrXiZn'. See Pboteids. 

BAXtAGITAV TSA or XHLATB. This substance, the produce of the 
Bex paragibayensis or Bex Mate of South America, where a decoction of it consti- 
tutes a favourite drink, has been examined by H. Byasson {Pkarm. J. Tram. [3], 
viii. 605). The variety examined was the greenish-yellow powder, which is prepared 
by the natives from the roasted and coarsely-powdered leaves. The analysis was 
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made by mixiog tbe mate with lime and successively exhausting the mixture with 
chloroform and alcohol. 100 grams gave : — 


Caffeine 1‘85 

G-lutinous substance. &c. .... 3*87 

Complex glucoside 2*38 

Eesin 0*63 

Inorganic salts, including iron . . . 3*92 

Malic acid not estimated. 


Exhausted with boiling water, the tea gave 24 per cent, dry extract, and 3*92 per 
cent, of ash in the extract, calculated on the mate taken. The ash contained potassium 
carbonate and much sulphuric acid. The tests for tannin and caffetannic acid gave 
negative results. The amount of caffeine is comparable with that in the kinds of tea 
and cojTee richest in that alkaloid. 

Pja.BAKTrBROC'STAlffAIiBIJnB, The crystallufb forms of this 

compound, andiof its isomeride hydroeyanaidine (i. 108), have been examined by 
C. Haushofer {Zdtschr, Kryst. i, 620), Hydroeyanaidine crystallises in the mono- 
clinic system; a:h :c^ 2*8727 : 1 : 3*8596 ; angle ac =* 52° 28'. The crystals, which 
are for the most part well developed on aU sides, exhibit the combination 
ooP . OP . colroo . +Poo .—^ 00 . The orthopinacoid faces exhibit striation, 
parallel to the combination-edge with — ^Poo . The crystals do not exhibit any dis- 
tinct cleavage. They are permanent in the air, and melt at 115°. 

Parahycbrocyanaldine forms orthorhombic crystals having the axial ratio a :h : 
0*6639 : 1 : 1*8741. Observed combination ooP . cof oo . . OP. ; prismatic in the 

direction of osP; more rarely tabular in that of cojoo . Melting point 230°-232°. 

PABAXSOBTTTTRIC AXiBXSHYBS, This polymeric compound, 

which Barbaglia obtained by the action of chlorine on isobutyric aldehyde (vii. 228), is 
likewise produced by the action of bromine or iodine. Bromine acts best in the form 
of vapour mixed with air. Cyanogen has no effect (Barbaglia, vi. 1064). The 
same polymeric modification is produced by the action of phosphorus pentachloride 
on isobutyric aldehyde, its formation in this case being probably due to the small 
quantity of hydrochloric acid formed from the pentachloride by the action of moisture, 
for strong sulphuric acid and gaseous hydrogen chloride likewise bring about the 
polymerisation ; on bringing the substances together great heat is evolved, and the 
liquid solidifies on cooling to a crystalline pulp of slender needles (Demtschenko, ibid. 
1176), It melts at 60°, resolidifies at 50°-51°, and is not altered by heating to 200° 
in a sealed tube for 15 hours, or by dry chlorine, bromine, or iodine (Barbaglia). 
Boils at 194°. Crystallises in needles from water, and on sublimation (Demtschenko). 

PABAXiACTXC ACZB. See Lactic Acids (p. 1160). 

PABAZ.BUZyCXK’, See Peotkcds. 

PABABBOB. See Alool (p. 54). 

PABAMOBXXO'. See Moein (p. 1336). 

PARA-BTUTS. These nuts contain crystallised vitelHn. See Pbotbids. 

PABARABIM-. See Arabin (p. 119). 

PABXCXXflTB, This alkaloid, occurring together with quinamine in 

the bark of Cincliom succiruhra from Darjeeling, may be separated from all the 
cinchona-alkaloids with which it may be associated in a saline solution, by means of 
sodium carbonate, which throws it down before any of the rest (Hesse, Ber, x. 2152). 

PARXGrXSlorznr and PARXBBXN*. Substances allied to Saponin (g^. v.) 

PASSITITS. A white earthy silicious mineral, occurring in layers or kidney- 
shaped masses at the border of the red clays and argillaceous sands which overlie the 
chalk in the Department of the Seine inf^rieure, frequently also enveloping flints. 
Analysis by Marchand (Ann. Chim. Bhys. [5], i. 392) : 


H“0 

SiO** 

CaCO= 


Fe’O’, A1=0^ 

1*1 

84*5 

15*0 

trace 

=. 100*6 

0*3 

89*2 

10*4 

trace 

trace « 99*9 

— 

88*9 

11*4 

trace 

— == 100*3 


PASTXXdTACA. The volatile oil of the fruit of the parsnip (JPastinaoa saiiva) 
contains the normal butyric ether of normal octyl alcohol. 
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PASTXI£rACZ3SfE. A volatile alkaloid, existing, according to Wittstein (ir. 
357), in the seeds of the parsnep, and, according to A. R. Porter {I^harm, J. Trans, 
[3], vii. 174), in the root of Siuni latifolimn. 

PATCHOXTX.X CAASPHOR, This substance, first examined by Gall 

(vi. 902), who assigned to it the formula C‘^H-^0, has been further investigated 
by J. de Montgolfier {Compt. rend, ixxxiv. 88 ; Ber. x. 234). It forms regular 
hexagonal crystals, some almost spherical from the rounding of the faces. They are 
always composed of a prism and a pyramidal summit, and do not exhibit hemihedry. 
The inclination of the faces to each other is 120®, and to the summit 120® 24'. They 
have no rotatory power for polarised light ; but the liquid camphor is Isevogyrate ; 
Wd= —118°. The rotatory power remains constant when the camphor is dissolved 
in alcohol of 95 per cent., but diminishes considerably on dilution. If e be the pro- 
portion by weight of substance in solution : 

(a)i, = - 124® 5' + 21c. 

The dispersion is yearly the same as that of quartz or of sugar ; [a]i> = — 10® 37' and 
Oy = — 11® 45'. Tne crystals melt at 52® and remain liquid for a long time. 

The corresponding hydrocarbon, Batckoulbi, is easily prepared from the 

camphor by the action of acids, but the best method is to heat the camphor to 100® 
for some hours with a mixture of glacial acetic acid and acetic anhydride. The upper 
layer consists of the hydrocarbon. It boils at 252®~255® under 743 mm. pressure. 
It has no smell when pure, but oxidises easily and then acquires a resinous odoiuc. 
Its density is 0*946 at 0°, and 0*937 at 13*5®. It turns the plane of polarised light 
strongly to the left; --7’45® for the line I), and —•8*48° for the transition tint. 
Its dispersion is therefore equal to that of quartz, and its molecular rotatory power is 
(a) = —42® 10'. It does not combine with hydrochloric acid, and is destroyed by 
nitric acid. It most resembles essence of cnbebs, but differs from it in not combining 
with hydrochloric acid. 

PATTSRSOXarXTXS. A variety of margarite accompanying corundum from 
TJnionviile, Pennsylvania. Sp. gr. = 2*81. Analysed by Genth /. Chem. 

1873, 1168): 

Loss by 

SiO“ AI=0’ re=0=* FeO MgO 'S?0 ignition 

29*90 27*59 3*12 9*17 17*10 0*58 2*33 11*61 = 101*30 

PATTXXrxs, C-^H^^N^O.H-O, See Cinchona-bases (p. 497). 

PBCTSn*. The muscular tissue of Becten irradians, a mollusc found on the 
eastern coasts of the United States of America, and much prized as an article of food, 
has been found by N. H. Chittenden {Sill. Am. J. [3], x. 26) to contain considerable 
quantities of glycogen and glycocine. An analysis of the eatable portion gave : 

I n 


Water 

. 79*60 

80*26 p. c. 

Solid parts 

. 20*40 

19*75 

Ash 

. 1*28 

1*24 

Nitrogenous Substance . 

. 16*68 

15*04 

Eat 

. 0*33 

0*32 

Non-nitrogenous Substance 

. 3*13 

3*15 


PXSCTOtrs StTBSTAlffCBS. E. Reichardt {Arch. Bharm. [3], x. 116) from a 
comparison of the earlier researches on the bodies of this group (iv. 363-370) infers 
that their composition differs but very slightly from that of the carbohydrates, and 
that the differences shown in some cases by the analyses may be attributed to im- 
purities. Referring also to Scheihler’s investigations on arabin and arahinose, and 
his own on pararabin (p. 119), he concludes that it is not advisable to place these 
bodies in a distinct group, hut that they should be regarded as gelatinising carbo- 
hydrates, nearly related to the gums. 

M. Giraud, on the other hand {Compt rend. Ixxx. 477), divides the mucilaginous 
or gummy substances of the vegetable kingdom into tliree groups : to the first of 
which belongs gum tragacanth, which is characterised by the presence of a body 
capable of yiel(hng pectous substances ; to the second, those which contain no pectous 
substances, and are rendered insoluble in water even by veiy dilute acids : an example 
of these bodies is afforded by quince-mucilage ; and to the third group, those kinds of 
gum which are free from pectin, are not precipitated by dilute acids, but when heated 
Sherewith are converted into dextrin and sugar. All these substances are converted 
by heating with dilute acids into a crystailisable, non-fennentable sugar, which, 
therefore, is different from glupose. Gum tragacanth dissolves very slowly in cold 
-water, but when treated with boiling water for twenty-four hours becomes perfectly 
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soluble and is converted into pectin. Grum-tragaeantb, digested on the water-bath, 
for three hours with acid of 1 per cent., is partly (^) converted into sugar, the greater 
portion, however, being converted into pectin. It therefore contains more than half 
its weight of a pectous substance, probably Fr^my’s pectose. By treating gum- 
tragacanth with 1 per cent, hydrochloric acid, precipitating with baryta, and decom- 
posing the precipitate with hydrochloric acid, 60 per cent, of the weight of tragacanth 
employed is obtained as pectic acid, agreeing in its properties with that which 
Fremy prepared from fruits. A quantitative analysis of gum-tragacanth gave : 


Water . 

Pectous Substances 
Soluble G-um , 
Cellulose 
Starch . 

Mineral Substances 
Nitrogenous Bodies 


20 p. c. 
60 

8 to 10 „ 

3 

2 to 3 „ 

3 5 , 

traces 


PEXiACrOSZTZ:. G-. Tschermak {Jahrh,/. Min. 1878, 751) examined numerous 
specimens of limestone and dolomite from the Mediterranean coast, which were covered 
with a grey, shining, vamish-like substance, formed where the waves act upon the 
rock. No organised structure was observed, but a chemical examination proved it to 
consist mostly of calcium carbonate. The finest specimens of this substance came 
from the island of Pelagosa, in the Adriatic: whence its name. Descloizeaux a. 
Velain observed this peculiar incrustation on felspathic rocks in Corsica, on the coast 
of Oran, and on the basaltic lavas on the coast of Reunion. 

PEXiARGOSTtC ACZB, C^H^hCO^H. This acid is found, together with its 
nitroso-derivative, C®H*®(N0)-0-, amongst the products of the action of fuming nitric 
acid on stearoUc acid (q.v.) 

PBIiHAMlNB. A black mass, resembling serpentine, occurring to the thickness 
of a foot in the asbestos mine of Pelham, Massachusetts ; analysed by C. tJ. Shepard 
{SUL Am. X [3], xii. 231) : 


SiO* A1»0* FeO MgO H*0 Sp. gr. 

38'40 2-80 15*52 39*88 3*40 « 100 2*9 to 3*2 


PEZiXiSTXZSRXSrE. The alkaloid of the pomegranate. To obtain it, the bark 
of the tree is roughly powdered and mixed with milk of lime to a thick paste, which 
is washed with water; the liquid is shaken with chloroform, which dissolves the pel- 
letierine ; the chloroform solution is then treated with a dilute acid ; and the solution of 
a salt of the alkaloid thus obtained is evaporated in a vacuum over sulphuric acid. To 
obtain the free base, the solution of one of its salts is treated with potassium carbonate 
and shaken with chloroform. The chloroform solution on evaporation leaves the 
alkaloid as a colourless oily mass, boiling at about 180°, and very soluble in water, 
alcohol, or ether, and especially in chloroform. It has an alkaline reaction, and pre- 
cipitates most of the metals from their salts. It is precipitated by barium chloride, 
the precipitate being soluble in excess of the reagent. A precipitate is also formed 
by bromine water in excess ; by Nessler’s reagent ; by iodide of potassium and cad- 
mium, and by phosphomolybdic acid. The sulphate, nitrate, and hydrochloride of 
pelletierine are crystalline and extremely hygroscopic (Tanret, Compt. rend. Ixxxvi. 
1270). 

FBIfN'XM'B. This mineral from the Zillerthal, where it occurs in transparent 
plates, sometimes uniaxial, sometimes biaxial, has been described by J. Rumpf, and 
analysed by van Warvecke (Min. Mitth. 1873, 33). P. G-roth (Zciz!s<?^r. Kryst. i. 509) 
refers the greenish mass (regarded by Delesse as pyrosclerite) which often occurs, 
together with nuclei of felspar, in the granular limestone near Markirch in Alsace, to 
Kenngott’s pseudophite (iv. 744), and regards this latter, together with a greenish 
steatitic mineral, occurring in the primitive limestone of Plaben near Bodweis, and 
of Okyn in Bohemia, as dense varieties of pennine. 

Analyses. — 1. From the Zillerthal (van Warvecke).^ 2. Pseudophite from Moravia 
(v. Hauer, Wieti. ATcad. Ber, xvi. 170). 3. Greenish mineral from Plaben (v. Hrasche, 
Jahrh,/. Min. 1873, 1204). 4. A similar mineral from Okyn (Genth, ihid, 1874, 653)! 



SiO® 

Al“0“ 

Fe»0* 

FeO 

MgO 

CaO 

H®0 


1. 

34*24 

12*62 

1*64 

3*35 

34*86 

0*30 

14*14 

101*15 

2. 

33*42 

13*42 

— 

2*58 

34*04 

— 

14*68 == 

98 14 

3. 

34*63 . 

17*13 

— 

1*61 

33*38 

— 

13*93 

100*68 

4. 

36*31 

18*28 

1*26 

0*83 

31*61 

— 

13*26 =s 

100*55 
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I»£SrTABBO»IiLC£TOSrE, C^EDBr^O. men phlorobromin, C^HBr^O (a pro- 
duct of the action of bromine on phloroglucinol), is dissolved in 'warm alcohol, and 
the solution, after standing for several hours, is mixed with a large quantity of cold 
water, an oil is precipitated, together with slender needles, which, after being pressed 
and recrystallised from alcohol or chloroform, have the composition of pentabrom- 
acetone. The compound thus prepared melts at 76°, and is crystallographieally 
identical with that which is obtained directly from acetone, forming orthorhombic 
prisms^ having the axial ratio alh c= 0-6182 : 1 : 0*6928, and exhibiting the faces 
P, cc P*i, CSC 00 . Pentabromacetone is converted by ammonia, either aqueous or 
alcoholic, into dibromacetamide (Benedikt, Liebig's Anmlen, clxxxix. 16o). 

PEWTA-, TSTSA-, and HEXBROMAXTTHRACEK'E. Tetrahrom- 
anthracene (vi. 178), exposed to the vapour of bromine for some days, is converted 
into tetfabromanthmcene tetrahromidc, C’^H®BrhBr\ which crystallises from a hot 
saturated solution in carbon bisulphide in distinct, colourless prisms melting, 'with 
decomposition, at about 212°; and this compound, heated to 230° till it ceases to give off 
bromine and hydrogen bromide, yields pentabromantkraeene, a pnl- 

rerulent yellow substance which melts at 212°, dissolves sparingly in alcohol and ether, 
easily in benzene, toluene, and carbon sulphide, and is converted by oxidation with 
chromic acid into trihromanthr aq^uinonc^ a body subliming in broad needles and 
melting at 365°. 

Hexhronianthracene, O^^H^Br®, is formed, with violent reaction, when tetra- 
bromanthracene tetrabromide is heated with alcoholic soda. It is but sparingly 
soluble in all solvents, and crystallises from petroleum (b. p. 130°-160°) in golden- 
yellow silky needles, -which may be sublimed, but do not melt even at 370°. By 
oxidation with chromic acid it is converted into tetrabromanthfa^ninone^ 
C‘‘‘H‘‘Br’*0-, which may be purified and crystallised in small needles from solution in 
carbon sulphide, but separates from all other solvents in the form of powder (Ham- 
merschlag, Ler. x. 1212). 

BElfTABBOlMCAZOErAPHTHAXiE^rE. See Azonaphthaiene, under Naph- 
thalene. 

PESS'TACBTYXi-GAX.ACTOSE, C®H’(C-H30)®0®. See Galactose, under 
SUGAES. 

PESrTACBTTXi-SXrXiPBOTAigrmC ACZB, C^m\C-R^O-y{SOm)SO\ See 
Tannic Acids. 

PSlfTACHXiOROBXrTYXiEirB, C^H^CP, is formed, together with other 
chlorinated compounds, by the action of chlorine on tertiary butyl alcohol (p. 360). 

PEN'TACEX.OROza'APHTHAXiBSrE. See Naphthalene. 

PEWTAMETHYIiETHOIi, or Dimethyl - Tcatabutyl CarUnol, 
C(Omy.C(CWyOR. See Hepitl Alcohols (p. 1026). 

PEZfTAN'ES, Boiling Points. — Normal pentane^ boils 

at 38°, isoyentaQie, CH^.CH-.CH(CH^)-, at 30°, tetramethyl-ethane, C(CH®)'* at 9*5° 
(A. Naumann, Bei\ vii. 173). 

Isopentane (amyl hydride) in aqueous solution (1 c.c. to 2 litres of water) mixed 
■with lialf its volume of chromic acid mixture (500 pts. water, 5 crystallised chromic 
anhydride, and 1 potassium dichromate) and left for five weeks at a temperature of 
15°-20°, was found to be converted into valeric acid (Berthelot, Comyt. rend. Ixxix. 
1435). 

Pentane from petroleum, and inactive isopentyl chloride, are converted by chromyl 
chloride, CrOW-, into chlormethyl-isopropyl ketone, CH-Cl.CO.CH(CH®)“ 
(Etard; see Ketones, p. 1148). 

PEWTAPHBWrYliCHE01tETHA3XrE,C(C®H^)bCCl(C®H®)=,isformed, together 
with diphenyl, by the action of monobromobenzene on carbon tetrachloride, the two 
substances being dissolved in ether, and sodium introduced into the solution, and may 
be extracted from the crude, product by distilling off the ether and boiling the residue 
with alcohol. It melts between 120° and 125°, boils above 340°, and yields a nitro- 
derivative when treated with nitric acid (Guaresehi, Gasz, ehim. ital. 1877, 409). 

PEZrTATHZOBTZC ACZB< See Sulphub, Oxygen-acids of. 

PEXfTZC ACIB, 3G®H®02 + H20, and PEWTENIC ACZB, SC^HW + H^O. 
The compounds so-called by I)emar 9 ay (not true acids) are formed by the action of 
1 and 2 mol. bromine respectively on 1 mol. ethylic ethyiaeetoacetate, in the same 
manner as the homologous compounds hexic and hexenie acids are formed from ethylic 
aceto valerate (p. 1501). Ethylic methylacetoacetate, treated -with bromine in like 



i500 PEKTmE-~-PENTOIC AOID. 

Biaiiiier, yields tetrie acid, SC‘*E[’*0"+H"0, and tetronic acid, 3C‘^H^0® + H*'0. 
Tetric acid, m. p. 150°, and pentic acid, m. p. :i89°-190°, crystallise readily, and their 
aqueous solutions are reddened hy ferric chloride. The reaction, indeed, appears to 
be general for compounds of this series (Demar^ay, Bull. 800. Chm. [2], xxvii. 483). 

PSlffTHtrSf C®H®. Valerylene. — This hydrocarbon is know in three modifica- 
tions, viz. : 1 *. n 

(1) . (CH®)'0~C=rCH'. This is the compound which Eeboul obtained by heating 
amylene bromide with alcoholic potash (v. 981) : 

(CH^/^CH—CHBr— CH^Br - 2HBr = (CH«)20=0=CH*. 

It has a sp. gr. of 0*700 ; boils at 45® ; does not form compounds with silver or 
copper. 

(2) . Bro^yl-acetylem^ CH*.CH*.CH-.C^CH, is formed in like manner by abstrac- 
tion of 2 HCI from propyl-methyl ketonic chloride, C^H^'-CCl^. CH^. It boils at 50®, 
and yields metallic derivatives with silver and copper (Friedel). 

(3) . Isopropyl-acetylene, (CH®)20H.C=CH. Produced : a. By' converting valer- 
aldehyde, (CH3)2CH.CH2 CHO, into the corresponding chloride, (CH^)^CH.CH2.CHCP, 
by means of phosphorus pentachloride, and removing 2HC1 from this chloride by the 
action of potash (Bruylants, Ber. vii. 759). jS. By the action of alcoholic potash on 
the chloride of isopropylethylene, (CH®)^CH.CHC1.CH^C1 (Eltekoff, Ber. x, 707). It 
boils at 35® ; gives with ammoniacal copper solution a yellow precipitate ; with 
ammoniacal silver solution, on heating, an amorphous white precipitate, which is 
lighter than water and is but little affected by light. When treated with a solution of 
iodine in potassium iodide, it takes up 2 at. iodine, and is converted into isopropyl- 
acetylene di-iodide, (CH®)2CB[.CI=:OHI, which boils without decomposition at 140°, 
is but very slightly affected by light, and is reconverted by sodium ethylate into iso- 
propylacetylene. Sodium dissolves in isopropylacetylene, with evolution of hydrogen 
and formation of a compound which crystallises in large plates, but falls to powder in 
contact with the air, and is reconverted by water into isopropylacetylene (Eltekoff). 

PSlfTOZC ACZBS, C®H'®02=:C^H®.C00H. 1. Ta*ormal Pentolc Acid, 

CH®.(CH^)®.COOH. This acid, which Lieben a. Eossi obtained by oxidation of 
normal pentyl alcohol (vii. 1197), is also produced by heating normal hexoic (caproic) 
acid, CH®.(CH^)‘‘.C02H, in a water-bath with 1 mol. bromine, whereby it is converted 
into a-bromocaproic acid, CH*.(OH2)®.GHBr.CO“H ; then adding sodium carbonate to 
permanent alkaline reaction ; decomposing with sulphuric acid ; dissolving out the 
resulting a-hydro^caproic or normal leucic acid, CH®.(CH^)^.CHOH.CO^H, with 
ether ; then expelling the ether, oxidising with chromic acid mixture, = 

C^H^^’O^ + OO^ + H^O], and distilling. The volatile acid contained in the distillate 
exhibits all the properties of the normal pentoie acid described by Lieben a. Eossi 
(Erlenmeyer, Ber. ix. 1840). 

Normal Ethyl Bentoate, CH®.(CH2)®.C00C^H®, boils, under a pressure of 736*5 mm* 
reduced to 0°, at 114*6® (corr.) Its sp. gr., referred to water at equal temperaturesj 
is 0*894 at 0°, 0*8765 at 20®, and 0*8616 at 40® (Lieben a. Eossi, LiehiNs AnnaleUi 
clxv. 117). 

2. Xsopentoic, Zsopropyl-acetic, Isobutyl-forjnic, Valeric, or Valeri- 
anic Acid, (CH^)^CH.CH®.COOH. This acid has been found by 0. Jacobsen in 
geranium-oil {Liehig's Anncden, clvii. 232). 

Breparation. — ^According to 0, Eicinus {Arch. Bharm. [3], iii. 219), dilute valeric 
acid may be formed by a continuous oxidation-process similar to that adopted for 
vinegar making (i, 8), the acidifier being filled with chopped valerian-root, and 
dilute fusel-oil repeatedly passed through it, the temperature being kept between 30° 
and 40®. The process, however, is mentioned as being merely of scientific interest, 
and not advantageous in practice. On the formation of valeric acid by oxidation 
of paraffin, see p* 1489. 

For the preparation of pure valeric acid, H. Lescoeur {Bill. 80c. Chim. [2], xxvii. 
104) takes advantage of its property to form acid salts with potash and soda. A 
molecule of the neutral salt is mixed with 2 mol. of valeric acid ; the acid salt is left 
to crystallise in the cold ; the crystals are dried ; and the acid separated from them 
by distillation. The pure acid begins to pass over a little above 200®, and the distil- 
lation should be stopped when the temperature rises to 300®. 

According to Balbiano {Gazz. chim. ital. 1876, 229, 402), valeric acid, prepared 
from inactive amyl alcohol, boils at 174*1® under a pressure of 724 mm. (compare 
Erlenmeyer a. Hell, vii. 1199). 

According to 0. Schacht {Arch. Bharm. [3], ii. 97), Usmuth val&rate has the com 
position C3»H«Bi“O’»=:{0^H»O^')*.Bi«(OE)«0*. 
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On the sp. gr. of valeric acid and its ethers at different temperatures, see Pierre 
a. Pnchot (vii. 1200). 

Ethylio Acetovalerate, C®Hi8O3 = GH».GO.CH(0sH0.CO.OC’H* (Bemar^ay, 
Comyt. rend, Isxxiii. 449 ; Bull, 8oc. Chim. [2], xxvii. 483). This acid is formed by 
the action of isopropyl iodide on ethylic acetoso^cetate : 

CH^CO.CHKa.CO.OC"-H5 + = Nal 4- GmCO.CH(C*H’).CO.OC2H*. 

It boils at 200°-202° under a pressure of 768 mm. ; colours ferric chloride pale violet. 
Bromim acts strongly on it ; the action requires to be moderated by cooling. On 
adding 1 mol. bromine to 1 mol. of the ether, treating the oily product with alcoholic 
potash, aud then adding hydrochloric acid, a body separates, which appears under the 
microscope to consist of elongated rectangular plates, and has the composition 
8G®H®02 + H20. This compound, called by Demar^ay hexic acid, melts at 123°- 
124°, boils with slight decomposition at about 263°, is slightly soluble in cold, mode- 
rately soluble in boiling water, easily in alcohol, ether, and cldoroform, and separates 
from the ethereal solution in crystals several centimeters long. It is not a true acid, 
as it does not form salts, and the product obtained by treating it with phosphorus 
pentachloride is not decomposed by water. 

1 mol. acetovalerie ether and 2 mols. bromine yield the compound + 

called hexenicacid, which is difficult to purify, melts at 187°, and boils with de- 
composition at 270°-280°, yielding an oily distillate reconvertible by water into the 
original compound. The so-called hexenic acid is sparingly soluble in cold, freely in 
boiling water, also in alcohol and ether, very slightly soluble in chloroform. 

MethyX-ethylacetic Acid, (CS®)(G'‘'H^)CH.COOH. The preparation of the 
ethylic ether of this acid by distilling ethylic methyl-ethylaeetoacetate with sodium 
ethyl has already been described (p. 15). The acid obtained from it boils at 173°, 
and resembles ordinary optically active valeric acid in every respect excepting that it 
forms an amorphous barium salt (Saur, Ber. vii. 1037). 

Trlmetliylacetic Acid, (CH^)^C.COOH, also called Bivalic Add, This acid, 
which Butlerow obtained by saponification of katabutyl cyanide, (CH®)®C.CN (vii. 
1182), is also produced by oxidation of methyl-katabntyl ketone (pinacolin), 
(GH.*)®C.CO.OH* (p. 1148), with chromic acid mixture (Friedel a. Silva, Compt, rend, 
Ixxvii. 48). When separated from its sodium salt by sulphuric acid, it forms a 
crystalline mass which gradually becomes granular. The crystals belong to the 
regular system, as they do not e^ibit double refraction. The acid dissolves in 46 
pts.of w^ater at 20°. It melts, according to Butlerow, at 34°-35° ; according to Friedel 
a. Silva at 30° after repeated partial fusion. It is separated from its salts even by 
acetic acid. The poiassium salt is deliquescent. The sodium salt, C®H®0^a + 2H^O, 
gives off its water of crystallisation on exposure to dry air, and, as well as the 
potassium salt, forms after fusion a laminar mass like the acetates (Friedel a. 
Silva); according to Butlerow, the sodium salt crystallises in flat prisms, very 
soluble in alcohol. The barium salt, (C^H®0^)®Ba + 5H®0, and the calcium salt, 
(C®H®0-)-Ca + 4H*0, form silky very soluble needles. The silver salt is obtained by 
precipitation in small laminae. The copper salt, (G®B[®02)^Cu + H-0, is obtained by 
decomposing a soluble trimethylacetate with copper sulphate, as a heavy crystalline 
green precipitate, requiring more than 500 pts. water to dissolve it. The solntion 
when evaporated leaves blue scales, consisting of a basic salt, which is also obtained 
by prolonged washing of the normal salt. The latter is obtained in the state of greatest 
purity by the action of free trimethylaceiic acid on cupric carbonate. It gives off its 
water in a vacuum at ordinary temperatures. It may he freed from basic salt by 
solution in alcohol of 95 per cent., from which it crystallises in dark bluish-green 
prisms apparently having the composition (G^H®02)Cn4-H20 ; it is likewise 

soluble in ether. It sublimes w'hen heated (Friedel a, Silva). The zim salt is a 
white crystalline powder, unctuous to the touch, slightly soluble in water (Butlerow). 

Friedel a. Silva respresent pinacolin and its product of oxidation (pivalic acid) by 
the following formulae : 

(OH®)2Cv (CH®)2C\ 

|>0 

Pioacolin. PivaJic acid. 

But pinacolin being formed by the action of zinc-methyl on trimethyl-acetyl chloride, 
has much more probably the constitution of methyl-katahutyl ketone assigned to it by 
Butlerow (p. 1148), and may therefore be expected to he converted by oxidation into 
trimethyl-acetic acid. And, in fact, the only important difference between 
Butlerow’s acid and the pivalic acid of Friedel a, Silva consists in the lower melting 



1502 PENTYL ALCOHOLS— PENTTLENES. 

point of the latter, wiiich, as they observe, may have been due to a slight admixture 
of acetic acid, inasmuch as the lowest melting fractions yielded a silver salt, the 
percentage of silver in which was somewhat too high for the formula C®H®O^Ag. 

PEWTOIC AXiBBKirnE, See Valeeal. 

PEWTYJi AECOHOXS, These coinpounds have hitherto 

been described as alcohols (i. 203 ; vi. 106-114 j vii. 62 ; viii. 76-78) ; but it is 
better to designate them generally as fentyl alcohols, a term which indicates their 
place in the series of alcohols and restrict the term amyl alcohol to the 

one which has long been known by that name, viz., isopentyl carbinol, 
(OH®)^CH.CH“.OH^OH, the first discovered of the group. The following are the 
most recent additions to our knowledge of these bodies. 

According to Wischnegradsky {Liebig’s Annalen, cxc. 328), the amyl alcohol of 
fermentation is a mixture of isopentyl alcohol (isobutyl- carbinol) with small quantities 
of normal pentyl alcohol and methyl-ethyl carbinol, which he regards as the optically 
active constituent. 

The following dextrorotatory amylic ethers have beeir prepared by J. A. 
le Bel {Bull, Soc. Qhim. [2], xxi. 542) from Isevorotatory amyl alcohol : 

Chloride, B.-p. 97‘^-99° [a]j 3 = 1*24 

Bromide, „ 117°-120° [aj^ = + 3*75 

Iodide, „ 144°-145® [ajo = + 5*34 to 5-12 

Methyl-amyl and amylene from active amyl alcohol are inactive. 

Methyl-isopropyl Carbinol, CH®.CHOH.CH(CH^)2 (Winogradofif, Liebig’s 
Annalen, cxci. 125). This secondary alcohol is formed by acting on zinc-methyl 
with bromacetyl-bromide, and treating the product with water. To avoid explosions, 
it is best to pour the acid bromide (1 mol.) into the zinc-methyl (3 mols.) through a 
tap-funnel, the neck of which dips into the liquid. The mixture, after being left to 
itself for some weeks, is mixed with water and hydrochloric acid and distilled ; and 
the chief product (50 per cent, of the eheoretical quantity) which passes over between 
110° and 120°, is treated first with anhydrous baryta, and then with sodium, in order 
to remove the last portions of water and bromine. 

On the mechanism of the reaction, see the original paper, and Chem, Soc. J, 
xxxiv. 485. 

Methyl-isopropyl carbinol thns obtained is a liquid having a faint odour, easily 
soluble in water, boiling at 113°, and not solidif 3 nng at —83°. Its specific gravity 
is 0*8308 at 0°, and 0*8219 at 19°, With bromine it yields an amylene. By phos- 
phorus pentachloride, and by gaseous hydrogen iodide with aid of heat, it is converted 
into tertiary pentyl chloride and iodide {infra), 

Bimetbyl-etbyl Carbinol, (CH^)2(C“H®)COH. In the preparation of this 
tertiary alcohol by distilling 5 grams of commercial amylene with sulphuric acid (2 
vols. H-SO** to 1 vol. water), Butlerow {Ber. x. 81) obtained two grams of the pure 
alcohol (comp. p. 81). It melts at —12°, and boils at 102°-104°. The corresponding 
chloride boils at 86°, the bromidie between 108° and 109°, the between 127° and 
128° (Wischnegradsky, Liebig’s Annalen, cxc. 331). 

PElfTYX-GXYCOXS or PEUTirXBKrB AXCOKOXS. Three of these 
compounds are known, and have been already described (i. 208, and pp. 81 and 82 of 
this volume), viz. : 

Trimethyl glycol, (CH’)>'COH.CHOH,CH» .... 

Methyl-ethyl glycol, (C'H‘).CHOH.CHOH.CH» . . . l87-a« 

Isopropethylene glycol, CH(CH^)\CHOH.CH20H . . . 206° 

FBETTEBIirES, Amylenes. — Three of these hydrocarbons have already 

been described (p. 79), viz. : 

Isopropylethylene, H2C=zCB[[CH(CHs)2]. 

Methyl-ethyl-ethylene, 'R^G=C{Cm){Qm^\ 

Trimethyl-ethylene, (CE[®)'Ci=CH(CH®). 

(1). According to Wischnegradsky {Ber. x. 81 ; Liebig’s Annalen, cxc. 328), 
Flavitzky’s amylene, boiling at 25°, is a mixture of two isomeric hydrocarbons : for 
when the iodide obtained from ordinary amyl alcohol (rot. power = + 2*9°) is treated 
with alcoholic potash, a hydrocarbon is formed, having a variable boiling point 
(23°-27°), and from this, on notation with sulphuric acid, a third hydrocarbon is 
dissolved, while an amylene boiling at 21°— 22° (regarded by Wischnegradsky as ijso- 
propyleihylene) remains behind. The same hydrocarbon (boiling at 21*5°-22°, and 
behaving similarly with sulphuric acid) is also formed from the comparatively inactive 
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amyl iodide (rot. power * + 0*3 (which is obtained, together with ethyl iodide, by the 
action of hydriodic acid on amyl-ethyl oxide). (2). Ordinary (commercial) amylene, 
obtained by the action of zinc chloride on ordinary amyl alcohol, appears to contain 
three pentylenes, Tiz., trimethyl-ethylene, nnsymmetrical methyl-ethyi-ethylene, 
H'Gm:G(CH^)(C“H^), and norm^ propyl-ethylene. The pentylene prepared from 
ordinary amyl chloride contains two isomerides, viz., nnsymmetrical methyl-ethylene 
and isopropyl-ethylene. 

The presence of isopropyl-ethylene in the amylene boiling at 25° is further con- 
firmed by the experiments of EltekofiT {Ber, x. 707), from which it appears that the 
bromide of this amylene, when treated with alcoholic potash, yields, together with 
ethyi-valeryi oxide (h.-p. Ill°~n4°), a pentine or yalerylene, G*H®, having the con- 
stitution of i&typropyl-aGetyUm, HC— C — CH(GH®)“ (p. 1500). 

Oxidation. — The products obtained by the action of various oxidising agents on 
amylene have been examined by F. Zeidler (Liebiy's Annalen^ clxxxvi. 245). 
(1). Amylene, b.-p. ^6° (from optically active amyl alcohol, with stannic chloride), yielded 
with potassium permanganate in neutral or alkaline solution : carbonic, formic, acetic, 
and succinic acid ; mth permanganate in sulphuric acid solution : carbonic, butyric, 
propionic, acetic, oxalic acids ; with potassium dichromate and sulphuric acid : car- 
bonic, butyric, acetic, and propionic acids ; with chromic acid : carbonic acid, acetic 
^acid, a higher fatty acid, and succinic acid ; with potassium iodate in acid solution : 
carbonic and acetic acid. (2). Amylene, b.-p. 22°-23° (from the hydriodie ether of 
optically active amyl alcohol with cdcohoUc soda), yielded with potassium permanganate 
in neutral or alkaline solution : carbonic, acetic, butyric, propionic {?), oxalic, and 
succinic acids ; in acid solution : carbonic, acetic, higher fatty acids, a small quantity 
of succinic and a large quantity of oxalic acid ; with potassium dichromate and snl- 
phuric acid, or with chromic acid : carbonic, acetic, propionic, and butyric acids ; with 
potassium iodate : carbonic and acetic acids ; with nitric acid ; carbonic acid, acetic 
acid, and a nitro-derivative. (3). Amylene, b.-p. 33°, from ethyl-amyl oxide with 
phosphoric anhydride, yielded with potassium permanganate in neutral acid or alkaline 
solution : carbonic, acetic, and oxalic acids ; with potassium dichromate and sul- 
phuric acid or with chromic acid : carbonic, acetic, and propionic acids ; with potas- 
sium iodate or nitric acid : carbonic and acetic acids. 

FBPPSIt. The amounts of moisture, ash, and nitrates (reckoned as nitric acid), 
also of alcoholic and aqueous extract in the kinds of pepper most frequently met with 
in commerce, have been determined by A. Wynter Blyth (Chem. News, xxxii. 140) 
with the following results : 



Moisture 

Soluble 

asb 

Total 

ash 

Nitric 

acid 

Alcoholic 

extract 

Aqueous 

extract 

Penang 



9*531 

2*212 

4*189 

0-0447 

7*650 

18*335 p. c. 

Tellicherry 



12*908 

3*380 

5*770 

0*0886 

7*896 

16*600 „ 

Sumatra , 



10*103 

2-626 

4*316 

0*0656 

6*450 

17*500 „ 

Malabar . 



10*548 

3*453 

5*195 

0*0386 

6*375 

20*375 „ 

Trang 



11*664 

2*538 

4*775 

0*1187 

6*300 

18*175 „ 


The ash of Tellicherry pepper was found to have the following composition ; 

E:»0 lTa“0 MgO CaO Fe SO* Cl CO“ Sand 

24-38 3*23 13*00 11*60 0*30 8*47 9*61 7*57 14*00 6*53 = 98*69 

H. PocHington (Pkarm. J. Trans. [3], v. 681) found in three sorts of commercial 
pepper from 50 to 60 per cent, of foreign substances, consisting of arrow-root, rice- 
starch, wheat-flour, pea-flour, and oatmeal. 

On the adulterations of pepper, see also Landrin (Mo7iit Scient. vi. 883). 

PEFPBXtMZX7T Olli, According to J. Moss (Pkarm. J. Trans. [3], v. 566), 
Japanese peppermint- oil begins to boil at 206°, the temperature then remaining con- 
stant for some time, and ultimately rising to 218°. The oil did not deposit any 
crystals when cooled. The camphor or stearoptene of Japanese peppermint-oil melts 
at 30°, resolidifies at 37*5°, and boils at 215° ; compare Oppenheim (iii. 880). Ac- 
cording to J. Mackay (Pharm. J. Trans. [3], v. 825), 1 pt. of the Japanese oil dis- 
solves readily at ordinary temperatures in 8 pts. of rectified spirit. The liquid oil 
easily dissolves the camphor, and deposits it in crystals when cooled. Peppermint- 
camphor distilled with zinc chloride yields menthene, (Beckett a. Wright, 

p. 1274). 

According to C. Jehn (Arch. Phar?n. [3], iii. 29), peppermint -oil in contact with 
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cUoral hydrate gradually assumes a dark cherry-red colour, which is easily transferred 
to ether, alcohol, and chloroform, is not destroyed by boiling, but becomes darker on 
addition of a small quantity of sulphuric acid; and on subsequent addition of chloro- 
form, acquires a shade more inclining to dark violet. This reaction is not exhibited by 
other volatile oils. Banin von Wassowicz {Hid. xi. 510) has examined the action of 
chloral hydrate on seven varieties of peppermint-oil, viz. : 1. Prench; 2. English 
(Mitcham); 3. American; 4. German; 5. From Mentha ^ijperita, cultivated in 
Galicia ; 6. An older English sample diluted with an equal volume of alcohol ; 7. A 
viscid, dark-yellow American oil. 1, 2, 5, 6, and 7 exhibited no coloration after five 
minutes ; 3 after the same time was coloured light violet ; 4, yellowish-brown. After 
the lapse of an hour, only 2, 5, and 6 remained uncoloured. When heated, all the 
varieties became coloured, and coloration was likewise immediately produced, when 
an impure chloral hydrate containing hydrochloric acid was used as the reagent. 

According toE. B, Shuttleworth {Bingl. pol. J. ceviii. 464 ; Amer. J. JPharm, 1872, 
xliv. 171), American peppermint-oil is sometimes adulterated with alcohol and castor 
oil. 

According to M. A, Frebault {Fharm. J. Trans. [3], iv. 9(77), peppermint-oil 
treated wdth picric, sulphuric, hydrochloric, or nitric acid, especially the first, yields 
a green substance which exhibits red fluorescence, and agrees in many of its 
reactions with chlorophyll. 

PSPSZIM'. E. Scheffer {Tharm. J. Trans. [3], ii. 761, 783, 843) prepares pepsin 
by macerating the mucous membrane of pigs’ stomachs for several days with water 
containing hydrochloric acid, and mixing the liquid, after it has been strained and 
left to clarify for 24 hours, with an equal volume of a saturated solution of common 
salt ; the pepsin which rises to the surface is skimmed off after a few hours, then 
•pressed and dried without application of heat. The stiff, hard, straw- to brown-yellow 
substance thus obtained contains a certain quantity of mucus and small quantities of 
calcium phosphate and sodinm chloride, which however do not interfere with its action. 
Sweetened pepsin is prepared by mixing recently pressed pepsin with pulverised 
milk-sugar, and drying the mixture by exposure to the air. The milk-sugar by its 
antiseptic properties may perhaps conduce to the preservation of the pepsin. The 
aqueous solution of pepsin quickly decomposes. The digestive power of pepsin may 
be tested by noting the time required for dissolution, under its influence, of a given 
quantity of coagulated white of egg at a given temperature. The last portions of 
albumin require for their disappearance a proportionately longer time, even when the 
pepsin is present in excess. 1 grain of purified pepsin in 4 ounces of salt water dis- 
solved 400 grains of albumin in 18 hours at 24®. 

According to H. Selldon {Tharm. J. Tmns. [3], iv. 89), the yield of pepsin by 
Scheffer’s method is considerably increased if the digestion of the mucous membrane 
with dilute hydrochloric acid be performed at 37°. Scheffer’s pepsin is contaminated 
with syntonin, and perhaps also with other proteids. Burable preparations may be 
obtained by trituration with milk-sugar or solution in glycerin. 

Various kinds of pepsin are described by E. Eennard {Buss. Zeitschr. JPharm, 
1874, 577; Jahresh.f. Ckem. 1874, 944). 

Volumetric Estimation. — ^Pepsin may be estimated volumetrically by means of 
fibrin which has been coloured through and through with an ammoniacal solution of 
carmine. This coloured fibrin may be preserved in glycerin, and when required for 
experiment, must he carefully freed from glycerin by rinsing with water, cut up with 
scissors, and drenched with a five-fold quantity of hydrochloric acid. In this manner 
a crimson, translucent, gelatinous mass is obtained, which must be divided into por- 
tions of equal size, best on bibulous paper, which absorbs the excess of acid. On 
drenching these separate portions of coloured fibrin with pepsin-solutions of various 
strength, red liquids are obtained, the coloration being deeper and quicker as the 
pepsin-solution is stronger, so that it is easy to distinguish strong from weak solutions 
of pepsin, and possible to apply the method for quantitative estimation (P. Griitzner, 
Zeitschr. anal. CJiem. 1874, 106). 

PSPTOWZSS. See Peoteids. 

PERBROMBTHAZO-S or HZSXBROMBTHAIO'E, C^Br®, is formed, together 
with other products, by heating mucobromic acid (vii, 828) with bromine and water 
to 120®-! 30° in sealed tubes : 

G^H^Br^O® + -j- SBr® = 200® + C^BCBr® + 3HBr 

and C^HBr* -i- Br^ = HBr + C-Br® 

It crystallises from carbon sulphide in thick colourless prisms, which are insoluble in 
alcohol and decompose at 200®-2l0° (Belbriick, lAeUg's Anml&n, clxv. 253). 
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Z^BABROINXXC ACZB, BrHO^. Muir in 1874 described the formation of this 
acid bj agitating bromine with aqueous perchloric acid (p. 351). Subsequent experi- 
ments however failed to yield the same result, so that the conditions under which the 
formation of this acid takes place cannot yet be considered as satisfactorily established 
(Muir, Chem. Sac. J. 1876, xxs. 469). The formation of perbromic acid by the action 
of bromine on perchloric acid was previously announced by Kammerer in 1863 (iv. 
874 ) ; his results have however been called in question by E. W. E. Haeivor {Chem. 
Mm, xsxiii. 35). 

C®Br®. On the formation of this compound &om 
benzene, and on its properties, see BENZiafE-DEBiVATivES (p. 170). According to_ E. 
Wall (Ber. ix. 1649), bodies of the fatty series, when subjected to exhaustive bromina- 
tion with iodised bromine, yield in the first instance perbromethane, which by pro- 
longed heating to its boding point, or to 300° in a sealed tube, is converted into 
perbromobenzene. 

X>BBBH0M03»BTH7BMBBCAPTA»r, CSBr^ = CBr^SBr, is formed in 
small quantity when carbon disulphide mixed with bromine and a little iodine is left 
under water for a few minutes, and remains after the carbon sulphide and bromine 
have been distilled off on the water-bath, as a yellowish liquid, which smells like per- 
chloromethylmercaptan (infra), distils at 150°, and acts on potassium sulphite even 
more violently than the chlorine-compound, forming methylmercaptantrisulphonate 
and bromide of potassium (Eathke, Liebifs Annalen, clxvii. 195). 

BBBBBOnXOFHBB'OB, G®Br5.0H (m. p. 225°), formed from phenol by the 
action of iodised bromine, is converted by heating with PBr® into perbromobenzene 
(G-essner, Ber. ix. 1505 ; Euoff, ibid. x. 1234). 

FBBCHXiOBBTHAirB, OPC.GCP. This body m formed : a. Together with 
perchloromethane, by heating propane or propyl chloride (b. p. 46*5°) with iodine 
chloride to 100°-200° in a sealed tube, which is frequently opened to allow the result- 
ing hydrogen chloride to escape, and then filled with chlorine gas (Krafft a. Merz, 
Ber. viii. 1296 ; see p. 1066). J3. By the action of iodine trichloride on propionic 

acid: C2H5.G02H + 4lCP=:G2Cls + COH 6HG1 + 2P (l&afft, Eer. ix. 1085). 7. To- 
gether with perchlorohenzene, by exhaustive chlorination of diphenyl-trietdorethane, 
(Q62[5)2 gh.GP (Euoff, p. 1066). 5. Together with perchloromethane and perchloro- 

benzene, by heating chrysene with antimony pentachloride (Euoff, Ber. x. 1234). 

Perchlorethane melts at 179° (Geuther a. Broekhoff, J.^r. Chem. [2], vii. 108). 

Beaction with Sodium Ethylate. — When perchlorethane (1 mol.), dissolved in ether, 
is heated with sodium ethylate free from alcohol (6 mol.) in a refiux apparatus, to the 
upper end of which is attached a glass tube dipping 250 cm. deep into mercury, a 
reaction commences at about 1 1 0°, after the greater part of the ether has distilled off, 
attended with evolution of a combustible gas ; and afterwards a liquid distils over,^con- 
sisting of alcohol, perchlorethylene, C-CP, trichiorethoxylethylene, CGI-— OG1(OC'H®), 
and triethylic dichloracetate, CHCl^.G(OC"H®)*, the last two products being due to the 
reaction between sodium ethylate and perchlorethylene (p. 754). ^ The residue of the 
distillation contains unaltered sodium ethylate, sodium acetate, sodium ethylglyoxylate, 
CH*(0C2H®).C02Na, a small quantity of sodium oxalate, and two resinous compounds, 
one of which separates on treatment with water, while the other is precipitated on 
addition of hydrochloric acid. In this reaction the perchlorethane probably first acts 
on the sodium ethylate, forming sodium acetate, perchlorethylene, and ethane, accord- 
ing to the equation : 

SO^H^ONa + G20P = C^H^NaO^ + G^CP + + G“H®0 + 2NaCl; 

and the perchlorethylene then acts further on the sodium ethylate in the manner 
above indicated (Geuther a. Broekhoff, J. jyr. Chem,. [2], vii. 101). 

PBBCKXiOBBTHirZiBBrB, G-CP. Carbon dichloride. ~ This compound is 
formed, together with perchloromethane, by heating perchloropropane to 300° ; 
G®CP = C"OP + GCP (Krafft a. Merz, Ber. viii. 1045). IPmay be prepared by heating 
perchlorethane, mixed with twice its weight of aniline to 170° (Bourgoin, p. 754). 

On the reaction of perchlorethylene with sodium ethylate, and on perchlorethylene 
dibromide or dibromotetrachlorethane, see also p. 754. 

FBBCHBOBZC ACXB. According to T. Fairley (Ers^. Assoc. Beports, 1874, 
58), hypochlorous acid and its salts are converted into perchloric acid and perchlorates 
by passing ozonised air through their solutions. 

On the Berchlc/rates of Botassium and Bismuth, see p. 450. 

PEBCBBOBOBBlO'ZElffXry C°OP, is formed in the exhaustive chlorination of 
various hydrocarbons of the aromatic series with chlorine containing iodine (p. 1066) ; 
VoL, Yin. 5 E 
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also in the chlorination, by similar means, of secondary hexyl iodide (from mannite) 
(Erafit, Ber. is. 1085 ) ; and. together with perchloromethane and perchlorethane, by 
heating chrysene with antimony pentachloride (Euoff, Ber. x. 1234). 

3PB»CHXi0R01HPHEN-srii, is formed by exhaustive chlorination of 

diphenyl (Euo:ff); also of diphenol, benzidine (diamidodiphenyl), and carbazol or 
diphenylimide, NH(CsH0" (Zetter, Ber. x. 1233). 

PBECHIiOROiaESOE. This name is given by Krafit to a chloride of carbon, 
C'^Cl®, which is commonly produced, together with the perchlorinated derivatives of 
methane, ethane, and benzene, in the perchlorination of fatty bodies. It is insoluble 
in water, but. dissolves in alcohol, and crystallises therefrom in thin shining prisms, 
melting at 390°. It boils, with decomposition and evolution of chlorine, at 283°-284° 
(mercury column wholly in the vapour ; bar. 377 mm.) 

PEBCHBOBOMETHAXarz:, 001^. Carbon Tetrachloride . — This compound is 
formed, together with carbon dioxide, by the action of iodine trichloride on trichlor- 
acetic acid (Krafft, Eer. ix. 1085); also, together with perchlorethane or perchloro- 
benzene, or both, by the action of iodine trichloride or of chlorine and iodine 
on various hydrocarbons (p. 1066); and, together with perehlorethylene, O^OP, by 
the decomposition of perchloropropane at 300° (p. 1505). The action of perchloro- 
methane' on sodium ethylate is not very definite, yielding merely two brown compounds 
together with sodium carbonate and a little oxalate. 

PERCHBOROMETHYli-WtEECAPTAW', COPS =: CCP.SOl, is formed, as 
already described (vii. 266), together with trichloromethylsulphurous chloride, by the 
action of dry chlorine on carbon disnlpbide. It is an oily liquid boiling at 147° (corr.), 
and having a sp. gr. of 1'712 at 12*8° (referred to water at 0°). Heated to 160° with 
^ino chloride, it deposits a considerable quantity of sulphur in crystals, and jdelds 
zinc chloride, perchloromethane, carbon disulphide, and a small quantity of thiocar- 
bonyl chloride, CSC1-. On ‘potassium cyanide it acts violently, with great rise of 
temperature and carbonisation. It does not act on merrmiric cyanide at ordinary tem- 
peratures, but when the mass was heated to 150°, it charred and burst the tubes. 

PEBCBEOE.OE'APHTHAEESTE. See Naphthaleke (p. 1350). 

PEBCBEOROPEOPAZSTE, C®01®, is obtained: 1. By heating triehlorhydrin, 
C®H®G1®, to 200° with iodine chloride (l^fft a. lllerz, Ber. viii. 1045). 2. Together 
with perchloromethane by heating isobutane to 240° with iodine chloride, 
C^H'HllCP = C^CP + OCP+lOHCl (Krafffc a. Merz, loc. czY.) 3. Together with 
perchlorethane and perchloromethane, by the action of iodine trichloride on isobutyric 
acid (Kraffi, ibid. ix. 1076). Perchloropropane is resolved at 250° into perchlorethane 
and perchloromethane (Kraflfi a. Merz). 

PEBCHEOBOTRIPHEWTrEAMlM-E, (C«CP)3N. See Phenylaminbs. 

PEBEXBO BAEK. The bark of Pao Pereiro [G-eissospermum Vellosii, Peckolt, 
G. Imve, Baillon) also called Binguaciha and Canudo amargosa, is employed in Brazil 
as a febrifuge. It contains at least two alkaloids which have been extracted by 
0. Hesse {Ber. x. 2162). One of these, called geissospermine, crystallises in 
small white prisms terminated by domes, dissolves very sparingly in water and in 
ether, easily in alcohol and in dilute acids, and is precipitated from the acid solutions 
by ammonia and caustic soda in white amorphous flocks which soon become crystalline. 
The hydrochloric acid solution forms with platinic cUm'ide a pale yellow amorphous 
precipitate, with auric chloride a brown-yellow precipitate without reduction of metal. 
Geissospermine dissolves in strong nitric acid with purple-red colour, becoming yellow 
on heating; with strong sulphuric acid it forms a colourless solution gradually 
becoming pale yellow ; sulphuric acid containing molybdic acid immediately dissolves 
it with blue colour. Crystallised geissospermine has the composition 
and gives off its water at 130°. Its platimcUoride has the formula 
(019H24]S^2O2 hC 1)2 + PtCl^ 

A second alkaloid of Pereiro bark, called Bereirine, is an amorphous powder easily 
soluble in alcohol, coloured blood-red by strong nitric acid, violet-red by pure sulphuric 
acid. 


EEEXCEASE. This mineral from the Predazzite of Monte Somma, of which it 
forms from 9 to 41 per cent., has been analysed by A. Cossa {Gazz. chim. itdl, 1877, 
393) with the following results : 


MgO 

95*39 

95*78 


PeO 

4-56 = 99*95) ^ 

4T3 = 99*91 1 ®P* ~ 


Cossa has prepared isotropic laminae of periclase by fusing magnesium sulpliate with 
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soditim chloride in a platinnin crucible for four hours, and leaving the fused mass to 
cool slowly. When a little ferrous sulphate was added, larger laminae were formed 
containing 0*96 per cent. FeO. 

PXSSZOBXC .acZB. See Iodine, Oxygen Acids op (p. 1095). 

On Potassium Permamga-uate, see p. 1267. On the 
rapid oxidation of Essential Oils and other Organic Substances by a mixture of this 
salt -with strong sulphuric acid, see Oils (p. 1430). 

Bilver Permanganate is prepared by dissolving 158 pts. potassium permanganate 
with aid of heat, in 500 pts. water, and adding a solution of 170 pts. silver nitrate in 
200 water, whereupon the silver permanganate separates in fine black, metallically 
lustrous crystals, half an inch long, which may be purified by recrystallisation from 
hot water, washing with cold water, and drying (Martenson, Buss. Zeitsckr. Pkarm. 
1873, 66). 

Zvic Permanganate is prepared for pharmaceutical purposes by dissolving 127 pts. 
of the silver salt jhst described in hot water, stirring in 68 pts. of zinc chloride made 
as neutral as possible (best prepared from zinc sulphate and barium chloride), and 
filtering the liquid through gun-cotton. The filtrate is then evaporated on the water- 
bath to a viscid consistence and left to cool, whereupon it solidifies to a ci^stalline 
mass. Zinc permanganate thus prepared is a black-brown metallically lustrous salt, 
very soluble in water, and deliquescing in damp air. When heated in a glass tube it 
gives off a purple vapour, and leaves a porous residue having the lustre of steel. 
When it is heated on platinum foil, the foil becomes coated with a ring-shaped deposit 
having a fine blue and yellow colour (Martenson, loc. cit.) 

PBBOWSKZTE, CaO.TiO^. Hessenberg observed that this mineral, though 
belonging to the regular system, is bi-refractive, and attributed this anomaly to an 
internal transformation of the substance (vii. 899). The monometric character of the 
crystals has been confirmed by the measurements of N. v. Kokscharow (Jahrb.f. Min, 
1876,741; 1878, 88), and Des Cloizeaux (iiid. 749). According to v. Kokscharow, 
the mineral is optically biaxial, not uniaxial as stated by Hessenberg. Most of the 
Bussian perowsKtes are not simple crystals, but penetration-twins. Des Cloizeaux, 
who has measured crystals of perowskite from Zermatt, attributes their optical 
characters to twin-formation and to the enclosure of bi-refractive lamellae of foreign 
substances. 

A. Knop {Jahrh.f. Min. 1877} 647) finds that the mineral from the Kaiserstuhl 
range, hitherto described as perowskite, contains niobic as well as titanic acid, and 
designates it as dysanalite. The following is the result of his analysis, after deduction 
of silica : 

Cerimn 

TiO“ Nb=0“ oxides CaO FeO MnO Ka»0 

41*47 23*23 5*72 19*77 5*81 0*4-3 3*57 = 100. 

with traces of magnesia, potash, and fluorine, and small quantities of alumina. The 
sp. gr. of the mineral was found to be 4*13, which is perhaps too low; in consequence 
of the admixture of quartz and augite. The analysis leads to the formula 
fiBTiO^.Btsb'O®, and shows that dysanalite is a titanoniobate intermediate 
between perowskite, which is a pure titanate, and koppite (p. 1158), which is a pure 
niobate. 

:PE»PHElffTIi-lw:El»AlW:iM‘E, = CXC®H®)®N®, is formed by the action 

of cyanogen chloride on diphenylamine (p. 909). 

PEESXCX3Sr« See Pyeetheum. 

PEETHXOCTAKXC ACXD, according to R. W. Atkinson, 

according to Ponomareff (p. 608). Ponomareff finds by further experiments {Compt 
rend. Ixxx. 1398) that perthiocyanic acid, heated with ammonia to a temperature not 
exceeding 100° (in his former experiments the heat was raised to 150°-160°). yields 
a compound, C^H®N®S, which he designates as thiammeline, together with thio- 
melanurenic acid, Thiammeline is a white sandy powder w'hich dissolves 

in 145 pts. of boiling water, and when heated with potash gives off ammonia and 
yields cyanate and thiocyanate of potassium. Hot strong hydrochloric acid resolves 
it into hydrogen sulphide, sal-ammoniac, and cyanuric acid. Nitric acid oxidises it 
to ammeline nitrate. Heated with ammonia, it yields a body having the properties 
of melamine. Thiammeline dissolves in acids and alkalis, and forms precipitates 
with the salts of the heavy metals. 

Acetyt-pertMocyamo Acid, C^H(C^H®0)N®S® (p. 609), 

5e2 



1598 


PERU BALSAM— PETROLEUM. 


SA3mSA 3M[. According to Baillon (PAam. J. Trans. [3], iv. 385), Peru 
and Tolu balsams are tbe produce of the same tree, and the differences between them 
arise merely from the modes of preparation (comp. Balsams, i.*496, 498). 

For testing the purity of Peru balsam, t\iQApotheJcerseitung recommends the determ- 
ination of its specific gravity. The pure balsam has a sp. gr. of 1T4~1T6 ; mean IT 5. 
Peru balsam, which sinks in a solution of 1 pt common salt in 5 pts. water (sp. gr.^ IT 25), 
may be regarded as pure ( VierteljahrsGhTift. pr. Tharm. xxii. 99). Werner {ihid. 295) 
regards this method as inexact, and gives the preference to that which is recommended 
in the Pharmaeopceia Germaniea — namely, mixing the balsam with strong nitric acid 
and washing with water, pure balsam thus treated yielding a brittle mass, whereas 
adulterated balsam leaves an unctuous residue. 

PETROCSZO'B. This name is given by Hemilian (Ber, ix. 1604) to a hyto- 
carbon, 0 ^^ 222 ^ which may be separated from the highest-boiling portions of American 
petroleum. It crystallises from boiling benzene in yellow shining laminae, is nearly 
insoluble in alcohol and ether, melts above 300°, sublimes when cautiously heated. 
By dilute nitric acid and chromic acid it is oxidised to a bro\^ powder which is 
insoluble in the ordinary solvents, and sublimes with decomposition. With strong 
nitric acid and with bromine it yields substitution -products, and with sulphuric acid 
a sulphonic acid which forms insoluble lead and barium salts. 

PSTBOEBtTM, OccurreTiGe and Formation. — 0. Silvestri { 6 ra:^ 0 . chim. ital. 
X. 1) found in the cavities of a prehistoric doleritic lava, 22 kilometers S.S.E. of the 
central cone of Etna, a petroleum-like substance, forming about 1 per cent, of the 
rock-mass, perfectly fluid at 20°, but hardening partially at 17°. The sp. gr. of the 
lava in its original state was 2*797 ; after the extraction of the petroleum by ether, 
2*849. An analysis of the crude petroleum gave: 

0 H S 0 

. 82*49 11*61 3*33 2-57 « 100. 


Proximate analyses yielded : 

light Hydrocarbons of sp. gr. 0*860 (at 24°) and boiling at 79°-80° 
Hydrocarbons of sp. gr. 0*925 to 0*9408 (at 24°) and boiling at 

190°-280° 

Hydrocarbons of sp. gr. 0*946 to 0*9604 (at 24°) and boiling at 

280°-400° 

Paraffin melting at 52° . 

„ „ 57*2° 

Asphalt 

Sulphur crystallising in monoclinic prisms 

„ „ rhombic pyramids ..... 


Per cent. 
0*74 

17*23 


31*95 

19*90 

22*89 

2*90 

4*30 

0*09 


The hydrocarbons were found to be paraffins, the value of n ranging from 

13 to 18 ; their formation is attributed by Silvestri to the covering of organic struc- 
tures by the liquid lava, the organic matter being thereby subjected to a kind of dry 
distillation, the products of which condensed in the already viscid upper portion of 
the lava-stream and made it porous. 

The formation of petroleum beneath the earth’s surface is also generallj attributed 
to the decomposition of organic remains. Mendelejeff, however {Ber. x. 229), objects 
to this view, chiefly on the ground that mineral oils are found in tertiary strata in the 
Caucasus, and in Devonian and Silurian strata in Pennsylvania, and must have been 
formed in underlying and still older strata where but few organic remains could have 
existed. He supposes that, as a consequence of the condensation of the earth’s sub- 
stance from vapours, the interior must consist to a great extent of metals (iron pre- 
dominating) in combination with carbon ; and that water, acting on these carbides at 
high pressures and temperatures, produced metallic oxides and hydrocarbons, which 
latter, rising in the state of vapour, became condensed in the superincumbent strata, 
especially in porous sandstones. 

Composition. Properties, tTses. American petroleum, as shown by 
the analyses of Pelouze a. Cahours (iv. 385), consists mainly of paraffins, 
from to By fractional distillation, sometimes -with the aid of steam, 

ordinary or superheated, and purification of the distillates with caustic potash, a 
number of commercial products are obtained which are applied to various purposes, 
the lighter oils chiefly as solvents for resins, <&c., the heavier for burning in lamps 
and as fuel for steam-boilers. The following account of them is taken mainly from 
Dammer’s ‘ Hurzes Handworterhuch der Chemie 

Ehigolme, b. p. 30°, used as an anaesthetic. 
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'Betfolmmret'h&t (Kerosolene, Rhigolene, Sherwood-oil) : distils at 45°-60° : clear, 
colourless oil having only a faint odour of petroleiim ; b. p. 50°-60° ; sp. gr. 0’665 ; 
absorbs oxygen from the air and becomes heavier (0-670-0 -675 ) ; extremely inflam- 
mable ; used as a remedy for rheumatic pains and as a local anaesthetic. 

I^etfoleim-ether, II. {Gasoline^ CanadoV)'. distillate between 60° and 70°; has a 
sp. gr. of 0*665 ; second distillate between 70° and 90°. 

I^etroleum-henzin: distillate between 70° and 120° ; has a sp. gr. of 0*680 to 0*700 ; 
dissolves in alcohol and ether ; boils at 60°-80° ; absorbs oxygen and becomes heavier; 
dissolves fats, caoutchouc, asphalt, and turpentine ; less easily colophony, mastic, and 
dammar resin ; kills all small animal organisms, and is used externally as a remedy 
for itch and other skin diseases, internally for gastric pains ; also for the extraction 
of oil, the preservation of anatomical preparations, the carburation of illuminating 
gas, and for the preparation of lacquers and varnishes. Ligrdin is a similar distillate 
used for feeding the so-called ‘ Ligroin or Wonder-lamps.’ 

Artificial Turjgentine-oil^ J?etroleum-s]girit^ Polishing Oil: distillate between 
120°-170°; obtain«d also -with superheated steam; sp. gr. 0*740-0*745; does not 
dissolve resins ; used for diluting linseed-oil varnish and for cleaning printers’ type. 

Illuminating Oil) Fetroleum, Kerosene , Paraffin Oil) Eefi^ied Eetroleim, has a large 
and increasing consumption for lamps, also for warming greenhouses, &c. ; sp. gr. 
0*78 to 0*81 ; flashing point (in the open vessel) 90°-l 10° F. ; igniting point 110°- 
130° F. ; includes all the intermediate distillates from crude petroleum, ranging from 
sp. gr. 0*76 to 0*83. The finest.quality of illuminating oil is produced from distillates 
ranging only from 0*775 to 0*790 ; this, when treated by aeration, is the water-white 
high' test oil used largely by the higher classes in America. It has a very high flash- 
ing point (120°-140° F. in the open vessel), as it contains none of the lighter parts 
of the crude oil. 

Lubricating Oil. — Sp. gr. 0*850 to 0*915 ; of a pale amber colour ; coming largely 
into use as an efficient lubricant in combination with rape, olive, or lard oil. The 
best qualities have a sp. gr. of about 0*895, the heavier oils from 0*900 to 0*915 con- 
taining solid paraffin. 

The residues of the distillation are utilised for gas-making. 

The present production of petroleum in the United States only, exceeds 50,000 
barrels or 2,500,000 American gallons daily. The quantity exported thence during 
the year 1879 exceeded 400,000,000 gallons. See Martins (Lingl. pol. J. cxxxv. 604; 
Jahresh.f. Chem. 1877, 1218). 

Russian Petroleum from the Caucasus (E. JAnenko, Dingl. pol. J. ccxxvii. 78, 161). 
The district surrounding Baku, a city on the borders of the Caspian Sea, is the seat 
of the petroleum industry of the Caucasus. The regular extraction of this oil com- 
menced in 1872, and 65,000 tons of kerosene from 200,000 tons of crude petroleum is 
the annual production at the present time. The crude oil of this district comes from 
springs not more than from 90 to 120 meters deep, and has a sp. gr. of 0*860 to 0*875 ; 
it yields only 33 to 35 per cent, of oil for lighting purposes ; the remaining naphtha- 
residue has lately come into request for raising steam in the steam -ships of the Lower 
Volga and the Caspian Sea. 

The refined oil of Baku is distinguished from the American by its greater density 
at 14°, the former being 0*820, the latter 0*800. 

The following table (p. 1510) shows the results of comparative experiments on the 
Russian and American oils. Three kind's of Russian oil were experimented on. The 
3rd kind is the heavy kerosene, manufactured for Persian consumption ; the 2nd is an 
ordinary commercial variety ; while No. 1 is prepared only in small quantities. No. 2 
is a clear and slightly fluorescent liquid with a not disagreeable odour. The American 
varieties tested were of two kinds — 1st, the ordinary variety, of a yellow colour ; and 
2nd, the high-test, which also goes by the name of Ausiraldl and Oleophin. The 
numbers show that the hydrocarbons in the Russian oil are more volatile than those 
in the American. None of them were obtained quite pure. 

The mineral oils ofBuxifere-la-G-rue and of Cord esse, in Alsace, have been 
examined by J. Joffre {Bull. Soc. Chim. [2], xix. 547). They differ from American 
petroleum in being partly absorbed by fuming sulphuric acid, and converted by nitric 
acid into nitro-products. About 50 per cent, of these oils consists of paraffin-oils, 
and is not attacked by these reagents ; the hydrocarbons, C®H^® and were 

isolated by fractional distillation. The portions of these mineral oils which are 
absorbed by sulphuric acid consist of olefines, or of hydrocarbons containing 

a still smaller proportion of hydrogen. They do not contain either benzene or 
naphthalene. 

Egyptianpetroleum differs from the American by its much greater density 
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and by not eontaining tbe lighter oils or the ordinary burning oil of sp. gr. 0*8, It 
yields however an excellent lubricating oil, and in its crude state is well adapted for 
heating steam boilers, its use involving but little risk of fire (E. Weil, Monit. scient. 
ecxxvi. 432). 

Suljphir in Petroleum. According to H. Vohl (Bingl.^ol. J. ccxvi. 47) all kinds 
of petroleum contain sulphur, and may be purified therefrom by treatment with acids 
and alkalis. The impurity is most easily detected by heating the petroleum with 
metallic sodium. If sulphur is present, the bright metal soon becomes covered with 
a yellow crust of sodium sulphide, which may be dissolved off by water and tested. 
The quantity of the sulphur may be estimated by distilling the petroleum over red-hot 
lime, and subsequently weighing the sulphur as barium sulphate. Vohl found in 
different kinds of petroleum from 0*300 to 3*114 per cent, of sulphuric acid. 

On the use of the heavier petroleum oils, Vulcan oil, Opal oil, &e., as lubricators, 
see Oils (p. 1429); also J. J. Coleman (Pingl. pol. J. cex. 195; Jahresb. /. Chem. 
1873, 1094). 

Use of PetTt^leum for Illumination . — Experiments on the comparative cost 
of a given amount of light from petroleum oil, colza-oil, and coal-gas have lately been 
made by Messrs. B. and T. H. Redwood {Chemist and Druggist, Dec. 15, 1879, p. 
540). The following table exhibits the mean results for 1000 ‘ candle-hours,’ that is 
bo say, for the amount of light which would be obtained by burning a standard sperm 
candle for 1000 hours. 


Cost of 1000 ‘ CandlerJioursl 


From petroleum-oil 

1 From colza-oil 

From coal-gas 

at per gallon 

at per gallon 

at per 1000 cubic feet 

9d. l5, l5. Zd. l5. Qd. 

Ill 1 

35. 35. 6d. 45. 

35. 3s. 8d. 4s. 

III 1 

lid. 9%d. Uid. Is. Zd. 

1 1 1 

2s. 4cd. 2s. 8d. Zs. O^d. 

1 1 j 

Is. 3^^. Is.b^d. Is. Sd. j 


These nmnbers show that, taking petroleum-oil at Is. per gallon, and colza-oil at 
35. ^d. per gallon, the cost of a given amount of light is more than three times greater 
for the latter than for the former ; and that, taking petroleum at Is. per gallon and 
coal-gas at Zs. Qd. per 1000 cubic feet, a given amount of light from the former costs 
only about half what it does when obtained from the latter, while there is the 
additional advantage that properly purified petroleum-oil in burning does not produce 
sulphur-compounds. 

Flashing Point of Petroleum. — This term is used to denote the temperature at 
which any sample of petroleum or its products begins to give off inflammable vapours. 
The more volatile kinds give off such vapours even at ordinary temperatures, and these 
vapours when mixed with air form explosive mixtures : hence the use of such oils for 
burning in lamps is attended with great danger. To prevent accidents from this 
cause, it was enacted by the American Petroleum Act, and by the British Petroleum 
Act of 1871, that no petroleum-oil should be used for burning in lamps which gives 
off inflammable vapours at any temperature below 100° F. (or 38° C.) when tested in 
an open cup described in the Schedule of the Act. The great increase in the con- 
sumption of the article between the years 1871 and 1877, however, necessitated the 
adoption of a system of testing less liable to variation in the bands of different 
operators. This question having been referred to Professor Abel, he proposed the 
use of a closed vessel to be heated by hot water, with a standard flashing-point of 
73° F., which was found to be the equivalent of 100° on the open cup system.^ This 
proposal, being favourably reported on by the Petroleum Trade Association, was 
eventually adopted as the basis of the new Petroleum Act of 1879. 

The testing apparatus above mentioned consists of a small closed oil-cup fitting 
into a water-bath. On the top of the cup is a brass slide, and a minute oil-lamp with 
a jet. A thermometer is also fixed with its bulb in the oil cup. The operator 
watches the thermometer, and at intervals draws out the brass slide, thus causing a 
jet of flame to dip into the oil-cup. The ‘ flashing point,’ or temperature at which the 
petroleum begins to give off an inflammable vapour, is thereby ascertained. This 
apparatus is accurately described and figured in the schedules of the new Act. (See 
also Chemist and Druggist, Dec. 15, 1879, p. 541 ; Qhem. News, xl. 305). 

^ It will be observed that the standard is not lomredhy this alteration, but simply adjusted to the 
new system. More than 1000 samples were tried on the two systems, the variations ranging from 
26° to 29° F.; hence 27° was adopted as the mean variation, maldng the standard 73° instead of 100°. 
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<xas from j^etroleim , — The value of petzoleum and coal-tar for the production of 
gas has been studied by A. Wagner {Dingl. ccxvi. 250). Experimenting -with a 
petroleum which began to boil at 150®, he found that when the vapours given off 
below 288® were passed through a red-hot porcelain tube filled with lumps of pumice- 
stone, the petroleum was resolved into gas, condensed products, and i residue left 
in the retort. The gas consisted of 5’0 vol. p. c. acetylene, 35*96 heavy, and 59 light 
hydrocarbons. Wagner is of opinion that the first product of the decomposition of 
the petroleum at high temperatures is ethjdene, which is partly decomposed according 
to the equation C-H^ = CH‘‘ + C, and that the methane thus produced is further 
decomposed, yielding acetylene and hydrogen : 2CH‘* = C“H-+ 3H^. Petroleum-ether 
yields a larger quantity of gas than crude petroleum. 1 gram of petroleum yielded 
0*876 lit. gas 1 gram of petroleum-ether gave 0*916 lit. gas. 

Wagner rejects as worthless all projects for making gas by distilling petroleum 
mixed with wood, peat, charcoal, &e., because the dry distillation of these solid sub- 
stances always produces water, which in evaporating carries the petroleum along with 
it, before the petroleum can be converted into gas. The only rational way of convert- 
ing petroleum into gas is to heat it hy itself, and in this operation a^high temperature 
of the retorts is an indispensable condition. 

Petroleum gas when burnt alone requires burners with small apertures ; it is very 
well adapted for heightening the illuminating power of gas of inferior quality. The 
production of an illuminating power of 136 kilos, of stearin requires a quantity of gas 
obtained from 1 cwt. of petroleum or from 2*6 cwt. of Boghead coal. 

The composition of the gas emitted from certain petroleum springs in West 
Pennsylvania has been determined by S. P. Sadtler (Amer. Chem. vii. 97) : 



Burns 

G-as-well 

Leecliburgh 

G-as-well 

Harrey 

well 

Cherry-tree 

well 

Carbon dioxide .... 

0*34 

0-35 

0*66 

2 28 

Carbon monoxide 

traces 

0*26 

traces 


Olefines 



0*56 




Methane 

75*44 

89*65 

80*11 

60*27 

Hydrogen 

6*10 

4*79 

13*50 

22*50 

Ethane 

18*12 

4*39 

5*72 

6*80 

Propane 

traces 

traces 

traces 



Oxygen 







0*83 

j nitrogen 

— 

— 

— 

7*32 


See also G-ases (p. 858). 


PSTZXXB. See TEixuRruM Minerals. 

PSUCBBAM-Xir, and OROSBBOXTE, (iv. 216, 386). The 

composition and mutual relations of these bodies have been further examined by 
Hlasivretz a, Weidel {Liebig’s Aniialen, clxxiv. 67). By decomposing an alcoholic 
solution of peucedanin with hot aqueous hydrochloric acid, and by passing dry hydrochloric 
acid gas over peucedanin, they obtained oroselone, the reaction in the latter case being 
attended with the evolution of a gas (probably methyl chloride) which burned with a 
green-edged flame : 

+ 2HC1 = 2CH3C1 -h 


Angelic acid, which was stated by Wagner to be formed in the decomposition of 
oroselone with potash, was not obtained by Hlasiwetz a. Weidel, either in the reac- 
tion just mentioned, or by decomposing oroselone with alcoholic potash. 

Oroselone fused with potash yields resorcinol and acetic acid : 


-H 2H-0 = 2C‘'B[«02 + 

Peucedanin fused with potash yields only a small quantity of resorcinol. 

Oroselone is readily attacked by acetyl chloride and valeryl chloride, vieidine 

and monoyaleryl-oro/elone, 
Gmf{G^K^0)0\ respectively. The former crystaUises in slender colourless needles, 
melting at 123 ; the latter forms large rhombic prisms melting at 95°~97'^ and is 
not identical with athamantin (i. 480). Monovaleryl-oroselone is decomposed by 
gasf^ns hydrogen chloride into valeryl chloride and oroselone. 

peucedanin and oroselone may perhaps be represented by the 


^XCeH^OOmOOH 

Oroselone. 


^\C‘*H^OCH-.COCH3’ 

Peucedanin. 
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Oroselone may be regarded as an aldehydic compcnnd, and peucedanin as a corre- 
sponding ketone analogous thereto. 

PHACOIiZTB. This variety of chabasite, originally found at Leipa in Bohemia 
(i. 844), occurs also in a basaltic conglomerate in the neighbourhood of Giessen. Six 
analyses by Burkhardt a. Hammerschlag gave as a mean result : 


SiO» A1=0“ CaO K^O Na=0 H’O (') C) 

46*82 19*29 0*14 10*29 0*14 0*70 1498 7*38 


(^) Griven off up to 300°. 


O Above 300°. 


(A. Strong, Jahrh.f. Min. 1877, 725). 

Seebachite from Eichmond in Victoria (vii. 1077) is regarded by G. vom Eath 
{ibid. 1876, 63) as identical with phacolite ; he finds that it belongs to the rhombo- 
hedral system, has a density of 2*135, and gives by analysis ; 

SiO= A1=*0® CaO K®0 Na=0 H*0 

46*08 21*09 6*75 1*77 4*52 21*08 = 100*29 

leading to the formuSL, 

KNaSCa»Al»Si''0« + 24H^O = 2(E:j,Na*)=0,2Ca0,4Al*05,16Si02 + 24^0, 

■which requires 46-71 SiO“ 20-00 A1'0^ 5-46 OaO, 2-29 KK), 4'52 Na^O, and 21'02 
H^O. An analysis of seebachite by Lepsius {Jahresb. f. Chem. 1874, 1264) gave 
44*77 Si02, 22*10 A120^ 7*51 CaO, 3*18 Na=0, and 22*07 H20 = 99*63. 


FKJEA.CTXM'XTB. A radiate transformation product of hornblende, forming 
one of the constituents of the isenite of Nassau (see Isbkitb, p. 1126). 

PKABMACOXiXTE. Native calcium arsenate (iv. 387). According to measure- 
ments by A. Schrauf {Jahrh. f. Min. 1873, 646) the crystals are monoclinic, having 
the axial ratio a'.h: c = 0*61 3727 : 1 : 0*362226, and the angle <zc = 96° 46|'. 

I^icrojpTiaTmacolite, hitherto regarded as a pharmacolite, appears from analyses by 
A. Frenzel {ibid. 1873, 786) to be a distinct mineral species. The microcrystalline, 
probably monoclinic, mineral occurs in white groups rarely coloured blue by copper, 
on copper pyrites, gneiss, and even on the timbering of the ‘ hohe Birke ’ and ‘ Khoiier ’ 
mines at Freiberg. 

A. Analysis. B. Values calculated from the formula 5Ca0.2As-0® + 12H^O : 


As^O® CaO MgO H“0 

A. 46*93 Q) 25*77 3*73 24*01 {^) = 100*44 

B. 48*11 29*29 — 22*60 = 100 

Q) A check analysis gave 48*14 per cent. O 13 per cent, given off at 100°. 

PHBWAMTTI.AIVIIM'E, or Amido-amyl-benzene, C«H<(C®H”)NH2. A base 
isomeric with amylaniline, and produced therefrom hy intramolecular atomic inter- 
change. See Benzenes (Amylamido-), p. 206. 

C^H^— OH 

PHEWAWTHREWE, = | |1 . JDijphenylene-ethylene . — This hydro- 

carbon, isomeric with anthracene, has already been described in connection with the 
latter (vii. 84; viii. 95), but many important observations relating to it have lately 
been published. 

Phenanthrene is one of the constituents of the substance called ‘ idryl,’ obtained 
by the dry distillation of an Idrian quicksilver ore (p. 1084). 

Ostermayer {Ber vii. 1089) prepares phenanthrene hy subjecting crude anthracene 
to slow fractional distillation, collecting the portion which passes over between 320° 
and 350°, boiling it with a large quantity of alcohol, and leaving the solution to 
crystallise. The first crystallisation must he rejected, as it consists chiefly of anthra- 
cene ; hut the product obtained from the mother-liquor consists, after two reerystal- 
lisations from alcohol, of nearly pure phenanthrene melting at 98°-100°. Phenanthrene 
obtained by treating the dibromide (vii. 85) with alcoholic potash, melts at 96°, and 
the same melting point is exhibited by phenanthrene obtained hy heating phenanthra- 
quinone with zinc-dust. 

On the purification of phenanthrene, see also Hayduck {lAebig's Annalm, clxvii. 
177; Ber. vi. 532 ; Jahresb, f. Chem. 1873, 394). 

Action of Chloruie . — By exhaustive chlorination with chlorine and iodine (p. 1066), 
phenanthrene is decomposed like anthracene, yielding perchlorobenzene and perchloro- 
methane, the formation of these bodies being perhaps preceded by that of perchloro- 
phenanthrene (Euoff, Ber. 1048). 

Phenantlirene Bibromide and Bromophenanthrene (Hayduck, Liebig’s 
Amialen, clxvii. 180). The dibromidc, C^^H^^Br^ which Fittig a. Ostermayer obtained 
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by dropping bromine into an ethereal solution of phenanthrene (vii. 85), may dso be 
prepared by dissolving the calculated quantities of phenanthrene and bromine in 
carbon sulphide, and slowly mixing the solutions after cooling them with ice, and 
separates after a few hours in well3efined flat four-sided prisms which, after washing 
with a little cold carbon sulphide, and pressing between paper, are nearly white. It 
slowly decomposes when kept, turning brown and giving off hydrogen bromide ; melts 
at 98° with brisk effervescence and evolution of hydrogen bromide, and is converted 
into monobromophenanthrene. Solution of silver nitrate added to the cold alcoholic 
solution forms a precipitate of silver bromide. Heating with alcohol produces 
immediate decomposition. According to Ansehiitz {Ber. xi. 1217), the dibromide 
treated with nitric acid in acetic acid solution, appears to yield a nitro-product. Dis- 
solved in alcohol and treated with potassium cyanide, it yields phenanthrene. 

Monohromo'phenanthTenet is formed, as above described, by the 

action of heat on the dibromide, also by heating that compound with water. To pre- 
pare it, the dibromide is heated on a water-bath as long as hydrogen bromide continues 
to escape, and the residue is dissolved in hot strong alcohol, from which, it separates 
as an oil which quicklysolidifi.es to a crystalline mass. From'' weaker solutions it 
‘crystallises in thin white prisms, which melt at 63°, and dissolve readily in glacial 
acetic acid and carbon sulphide. The alcoholic solution exhibits a slight fluorescence. 
Bromophenanthrene may be sublimed without decomposition ; it does not give off 
bromine when heated for several hours with alcoholic potash, but when heated with 
sodiim amalgam in alcoholic solution it yields sodium bromide and phenanthrene. 

The carbon sulphide from which phenanthrene dibromide, prepared as above, has 
crystallised out, still retains bromine-compounds which remain as a soft brown mass 
on distilling off the solvent. Cold ether decomposes this brown substance into an 
easily soluble oily compound and a yellowish powder which remains undissolved. The 
oily compound, which retained its dark colour even after repeated attempts at 
purification, gave by analysis 31*5 per cent, bromine, answering to the formula of 
monobromophenanthrene. It was not altered by boiling with alcoholic potash, or 
apparently by sodium-amalgam in alcoholic solution. Bromine decomposes it with 
evolution of hydrogen bromide, but the product is an uncrystallisable resin. 

If ihro mo 'phenanthrene, C^'*H®Br'-^. — This is the composition of the above- 
mentioned yellow powder insoluble in ether ; it is formed in small quantity only. It 
dissolves sparingly in hot alcohol, and separates from solution in glacial acetic acid in 
the form of a yellowish-white indistinctly crystalline powder melting at 202°. Another 
dibromophenantbrene is formed on adding bromine to a solution of the moiiobromo- 
derivative in carbon sulphide. The reaction goes on to the end, with evolution of 
hydrogen bromide, even at ordinary temperatures ; and on distilling off the carbon 
sulphide after a few hours, and dissolving the residue in warm alcohol, dibromo- 
phenanthrene separates on cooling in nodular groups of white needles (still retaining 
a little of the monobromo-derivative), which melt at about 110° and gradually soften 
even below this temperature (Hayduck). 

Two other dibromophenanthrenes are described by Zetter {Bet. xi. 164). One of 
these, formed by the action of bromine on phenanthrene in ethereal solution, crystal- 
lises from alcohol in long needles, melts at 148°, and sublimes in yellow needles. 
Most solvents dissolve it readily, and deposit it in crystals when evaporated. Another 
formed together with the last, crystallises in tables which melt at 158°, and do not 
sublime even when strongly heated. It dissolves easily in the ordinary solvents, and 
crystallises from the solution on evaporation. Neither of these dibromo-compounds 
is attacked by boiling alcoholic potash. 

Trihromophenanthrene, C^'^H^Br^ is formed when a solution of the dibromo- 
componud in carbon sulphide is heated with bromine for several hours in a reflux 
apparatus. The product which remains on evaporating off the carbon sulphide 
crystallises from hot glacial acetic acid in very slender white silky needles, melting at 
126°. On heating it with bromine to 140° in sealed tubes, further bromination takes 
place, yielding products which are nearly insoluble in cold alcohol and glacial acetic 
acid, slightly soluble in benzene, more readily in hot xylene, from which they separate 
as a white long-fibred crystalline mass, which does not melt at 290° (Hayduck). 
Zetter obtained the same dibromophenantbrene by heating phenanthrene to 130°-140° 
with the calculated quantity of bromine. 

TetTabromoghenanthrenc, C''‘H®Br^ is produced when phenanthrene is heated to 
200°-210° with the requisite quantity of bromine. It forms small granular crystals, 
which melt at 183°-185°, and dissolve in benzene and toluene, but scarcely in alcohol 
or ether (Zetter). 

EexbroTnophejianthrefie, C^‘*H'^Br®, is formed on heating phenanthrene to 280° with 
the calculated quantity of bromine and 1 mol. of iodine. It sublimes in snow-white 
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needles, which melt at 24:6^, and dissolve in glacial acetic acid, benzene, and toluene 
(Zetter). 

HeptabT07nophenmithre7ie, is prodneed hj heating phenanthrene, with 

excess of bromine containing iodine, to 300°, or a higher temperature, in sealed tubes. 
It sublimes in small yellowish needles, which melt above 270° (Zetter). 

CWoroplieiiantlirenes (Zetter, foe. ^?^X) A solution of phenanthrene in glacial 
acetic acid absorbs chlorine readily in the coli and gives off hydrogen chloride. The 
product of the reaction consists mainly of dichlorophenanthrene tetrachloride, but 
contains also dichloro- and monochloro-phenanthrene. 

I)ichloT027he7ianthrene tetrachloTide, O^'^H^Gl-.CB, crystallises in small colourless 
needles, winch dissolve very easily in alcohol, ether, benzene, and toluene, melt at 
145°, and give off hydrogen chloride at a slightly higher temperature. When heated 
with alcoholic potash, it loses first one and then a second atom of chlorine, yielding 
tetrachlorophenanthrene. 

Moiioohlorophena^ithrene, is an oily liquid, easily soluble in the liquids 

named above, but n%t in water. ' It carbonises when slightly heated. 

Dichlorophenanthrene, is an amorphous white substance, easily soluble in 

glacial acetic acid, ethyl acetate, alcohol, ether, benzene, and toluene. It melts to a 
transparent oily liquid at a low temperature. 

Tetrachlorophenanthrerie, is formed by the action of antimony penta- 

chloride on phenanthrene in the cold, or by the action of iodine chloride atl00°-110°. 
It crystallises in small yellowish needles, which dissolve easily in ether, benzene, and 
toluene, but very slightly in alcohol. The crystals melt at 171°-172°, and sublime 
in thin yellowish needles. ISTeither this nor any of the higher chlorinated products is 
affected by boiling with alcoholic potash. 

B-exchlofophena^ithrenc, C^'*H‘*C1®, is formed by the action of antimony pen tachloride 
on phenanthrene in closed tubes at 120°-140°, or in the oil-bath at 180°-200°. It 
sublimes in white feathery crystals, which melt at 249°-250°, and dissolves very 
sparingly in alcohol, ether, and acetic acid. 

Octoohlorophenanthreoie, is produced on heating phenanthrene with excess 

of antimony pentachloride to 180°-200°. It crystallises in indistinct granular forms, 
and sublimes in yellow needles, which melt at 270°-280°. It is nearly insoluble in 
alcohol and ether, but dissolves easily in benzene and toluene. 

Witro- and AmidophenaBthrenes (G. A. Schmidt, Ber. xii. 1153). Three 
mononitrophenanthrenes are obtained when nitric acid (sp. gr. 1-35) is allowed 
to act slowly on phenanthrene mixed with sand, and may be separated, though with 
great difficulty, by fractional crystallisation from alcohol, ether, toluene, and glacial 
acetic acid. 

<x-Mono7iitrophenanthrene, C^'*H®(NO-), is obtained in largest quantity, and is 
identical with the mononitrophenanthrone described by Graeba (vii. 85). It crystal- 
lises from alcohol or glacial acetic acid in straw-yellow needles melting at 74° (at 
70°-80° according to Gx*aebe). The presence of small traces of impurities causes it 
to remain liquid even at very low temperatures. By reducing it with tin and hydro- 
chloric acid, or with alcoholic ammonium sulphide, a-amidoph&iaoithrene hydrochloride, 
C^‘’H‘’(NH''^).HC1, is obtained as a white crystalline precipitate, which is sparingly 
soluble in water, and is rapidly decomposed on exposure to the air. The sulphate, 
(CHjqn ]sj'jj2)22;2S0‘*, is much more stable, and consists of a white powder sparingly 
soluble in alcohol and in water. 

(i-Amidophe7ianthre7ie is insoluble in water, and crystallises from dilute alcohol in 
small yellow plates. 

a-Mo^ionitrophejianthraqimione is formed by the oxidation of the nitro-compound 
with chromic and acetic acids. It crystallises in brilliant orange-yellow plates 
(m. p. 215°-220°), which are insoluble in water and sparingly soluble in alcohol, ether, 
and benzene, but more easily in glacial acetic acid. 

^-Mono^iitrophenanthrene, differs but little in appearance and solubility 

from the a-compound, although it is somewhat less soluble in ether than the latter. 
It is obtained in smaller quantity than either of the other isomerides, and melts at 
127°. Unlike the a-compound, it is only acted on with difficulty by alcoholic 
ammonium sulphide, and is best reduced by tin and hydrochloric acid in alcoholic 
solution. ^-Aonidophenmithrene hydrochloride forms a moderately stable crystalline 
mass, which is sparingly soluble in water. ^-Amidoplmianthrme crystallises from 
alcohol in small brilliant plates. ^-MoQionitrophena^ithrene is more difficult of oxida- 
tion than the a-compound, and gives a product which crystallises from glacial acetic 
acid in brilliant orange-yellow needles (m. p. 260°-266°). 
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y^Moiionitrophenanihrene, C‘‘*H^(NO®), crystallises in small brilliant plates (m. p. 
170«=»), -w^bieb are of a darker yellow colour, and are more sparingly soluble in other 
and alcohol than the «- or j8-compound. 

y-Amidoj^hem'iit'hTene hydrochloride, 0*‘^H®(NH2).H01, obtained by reduction of the 
nitro- compound with alcoholic ammonium sulphide, forms yellowish brilliant crystals. 
The free base resembles the a- and ^-compounds. 

On oxidation with chromic and glacial acetic acids, 7-nitrophenanthrene gives a 
compound which crystallises in dark orange-yellow needles (m. p. 263°), which are 
only very sparingly soluble in alcohol, but easily in glacial acetic acid. 

Dinitfoyhenanthrene, is obtained by prolonged action of nitric 

acid on phenanthrene at 100°, — also, together with the mononitro-derivative, when 
the temperature is not kept low enough in the preparation of the latter. It crystal- 
lises from glacial acetic acid and melts at 150°-160° (Graebe). 

NitTohromofhenanthrenes. — ^When monobromophenanthrene dissolved in 
glacial acetic acid is warmed with nitric acid, a mixture of at least two nitro-com- 
pounds is precipitated on the addition of water, in theform of yellowmicroscopic needles, 
feom this mixture, carbon sulphide or ether extracts one of the bodies, and leaves the 
other as a reddish-yellow substance, which has not been further examined. The 
soluble portion after re crystallisation yields fine prisms or compact crystals of mono- 
nitrobromophenanthrene, C^‘^H®(lSr02)Br, melting at 195° and subliming in long needles 
(Anschutz, JBer, xi. 1207). 

Kydroz3i^liexianttLrene, or Phenanthrol, C^‘‘H^°0 = C^^JE®(0H). This com- 
pound is obtained by treating, phenanthrene with the calculated quantity of fuming 
sulphuric acid, converting the resulting monosulphonic acid into an ammonium salt, and 
fusing the latter with potash. The product crystallises from a mixture of benzene and 
petroleum-spirit in thin laminae, which exhibit a bluish fluorescence, and melt at 112°. 

Phenanthrol dissolves easily in alcohol and ether, less easily in benzene, and 
slightly in water. On exposure to air it acquires a red to brown colour.^ Alkalis 
dissolve it easily, forming crystalline compounds, which are readily soluble in water. 

With acetic and benzoic anhydrides phenanthrol forms ethers which crystallise 
well. The acetyl-compound, C^‘^H®0(G2H^0), obtained by heating phenanthrol to 150° 
with acetic anhydride, crystallises from alcohol in shining laminae, which melt at 
117°-118° (G. Eehs, Ber, x. 1252). 

Phenanthrene-carboxylic Acid, O^^H^.COOH. Of this acid there are tw'o 
modifications distinguished as a and /S. The first, discovered by Japp a. Schultz 
{Ber. X. 1661), is obtained by converting crystallised calcium phenanthrenesulphonate 
into the corresponding sodium salt, distilling the latter with potassium ferrocyanide, 
saponifying the resulting nitril with alcoholic potash, and acidifying the solution with 
hydrochloric acid, which throws down the phenanthrene-carboxylic acid in bulky white 
flocks. It is nearly insoluble in water, but dissolves easily in alcohol, ether, and 
glacial acetic acid, melts at 260°, and sublimes with partial decomposition. Its 
alkali-salts are easily soluble in water. The barium salt, (C‘‘‘H®COO)^Ba + H^O, dis- 
solves easily in hot water, and crystallises therefrom in tufts of needles. 

By distillation with soda-lime, the acid is converted into phenanthrene, and by 
oxidation with chromic acid in acetic acid solution it is converted into phenan- 
thraquinone-carboxylic acid; this determines its formula as under: 


COOH— C«H3— CO 
CO 

Phenanthraquinone- 
carboxylic acid. 


OOOH— CH 

a-Phenanthrene- 


carbosylic acid. 


^-Bhenanthrene-carhoxylic discovered by Japp {Ohem. Soc. J. 1880, xxxvii. 
83), is obtained from the dark syrupy mother-liquor which remains after the crystal- 
Usable calcium phenanthrenesulphonate above-mentioned has separated out. This 
mother-liquor contains an isomeric calcium phenanthrenesulphonate ; and on convert- 
ing it into sodium salt, distilling this salt in the dry state with 1|- times its weight of 
potassium ferrocyanide, and boiling the resulting nitril with alcoholic potash for more 
than 100 hours, with inverted condenser, then distilling off the alcohol, digesting the 
contents of the flask with water, diluting, filtering, and acidifying with hydrochloric 
acid , jS-phenanthrene-carboxylic acid separates out as a dirty-wliite flocculent precipi- 
tate (above 80 grams from 2 kilos, of commercial phenanthrene). It is most readily 
purified by converting it into the sodium salt, recrystaliising this salt till it is quite 
colourless, and acidulating its solution with hydrochloric acid, which throws down the 
^-acid as a white flocculent precipitate. 

^-Phenanthrene-carboxylic acid is soluble in alcohol, ether, and glacial acetic acid 
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ilmost insoluble in water. From a bot saturated solution in acetic acid, it crystallises 
in stellate groups of colourless needles. 

The following table exhibits a comparison of the physical characters of the two 
phenanthrene-carboxylic acids and of their sodium and barium salts. Most of the 
crystaUographieal characteristics can be perceived only with the aid of a microscope : 



a-Acid 

jS-Add 

Acid . 

Sodium salt . 

Barium salt . 

Oystailises from hot glacial 
acetic acid in colourless, curved 
blades, with parallel edges, and 
a rectangular termination. This 
curvature is very characteristic. 
Sublimes in fem-shaped leaves. 
M. p, 266°. 

Gi^H^.CO^Na + m^O. Tufts 
of colourless, pointed blades. 
100 parts of water at 20° dis- 
solves 6‘ 8 parts of the anhydrous 
salt. Almost indefinitely solu- 
ble in boiling water. 

(0^‘‘H9C02)2Ba-}-7H20. Colour- 
less, long needles of extraordi- 
nary fineness and flexibility, 
radiating from one point to 
form large balls or tufts. Under 
the microscope a tangled mass 
of these flexible needles has the 
appearance of vegetable fibre. 
100 parts of water dissolve — 

At 20° . *066 (part of anhy- 
„ 100° . *560$ drous salt. 

Crystallises from hot glacial 
acetic acid in stellate groups 
of colourless, straight, pointed 
needles. Sublimes in fern- 
shaped leaves. M. p, 250°- 
252^ 

C'^H^.CO^Na + 5H20. Colour- 
less, rhomboidal laminse, with 
a slightly satiny lustre. 100 
parts of water at 20° dissolve 
6*2 parts of the anhydrous salt. 
Almost indefinitely soluble in 
boiling water. 

(C'4H».C02)2Ba + 6H20. Co- 
lourless, long, brittle, rectan- 
gular laminse, united in a rami- 
form crystallisation, 100 parts 
of water dissolve — 

at 20° . •27)partsofanhy- 

„ 100° . 3*70) drous salt. 


The iS-acid is converted by oxidation with chromic acid into phenamtihra- 
quinone, with elimination of the carboxyl-group : consequently it must contain this 
group attached to one of the carbon-atoms which in the quinone are united to the 
quiuonic oxygen, thus : 

C6H4— C— CO.OH C«H4— CO 

I II + 0^ = I I -h C02 + H^O; 

C«H^— OH C6H^— CO 

jS-Plieiianttirene- Plienantlira- 

carboxylic acid. quinone. 

and the sulphonic acid from which it is derived must be represented by a similar 
formula with SO^.OH in place of OO.OH. 

CSH^— CO 

Phenanthraquinonef C^'^H^O- = | | . The preparation, properties, 

C«H<— CO 

and principal reactions of this compound have already been described (vii. 92-95). 
When distilled with dry soda-lime, it is almost completely converted into diphenyl, 
hut when the soda-lime contains a considerable amount of moisture, fluorene, fluorene 
alcohol, diphenylene ketone, and a red body are formed. The latter result is explained 
by the fact that the water and soda in the soda-lime convert the phenanthraquinone 
into diphenylene ketone and diphenylene-glycollie acid, which latter decomposes, 
yielding fluorene alcohol, (C®H'^)2.CH0H (p. 673). Heated with quicklime, phenan- 
thraquinone forms fluorene and diphenylene ketone. In the same way^'when diphenic 
acid, C^'^H^^O-*, is distilled with quicklime, it yields diphenylene ketone, a red body, 
and traces of diphenyl, hut when heated with a mixture of slaked and quicklime, it 
gives diphenylene ketone, diphenyl, and a red body, whilst with slaked lime, soda- 
lime, or zinc-dust, it yields diphenyl and only a trace of the red body (Anschiitz a. 
Schultz, Ber. ix. 1400). 

Alcoholic potash converts phenanthraquinone into diphenic acid, C^‘‘H^°0^; 

C°H^— CHH 

with alcoholic ammonia it yields phenanthraquinonimide, | | , which 
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crystallises in brownisii needles melting at 167°. Its formation is represented by the 
equation : 

+ NH3 = + H^O. 


By strong hydrochloric or snlphiiric acid the imide is reconverted into phenanthra- 
quinone. When phenanthraquinone is heated with alcoholic ammonia for several 
days in sealed tubes, a mixture of several substances is obtained, one of which has 
the composition and forms dark-green or brown needle-shaped crystals, 

slightly soluble in amyl alcohol (Anschutz a. Schultz, Liebig’s Annalen, csevi. 49-53). 
E. Schmidt {Ber. vii. 1365), by treating phenanthraquinone with aqueous ammonia, 
obtained two compounds represented by the formulae and 

Oxidation hy Permanganate, — Phenanthraquinone, treated with very weak soda- 
ley and potassium permanganate at 100°, yields diplienylene ketone. When boiled 
with weak soda-ley alone it yields diphenylene-glycollic acid, and when heated with 
dilute solution of permanganate alone it yields diphenie acid. Diphenylene ketone 
and diphenie acid, when further oxidised with alkaline permanganette, yield phthalic 
acid, but apparently no isophthalic or terephthalic acid. The same product was 
obtained also by the oxidation of sodium phenanthrene-sulphonate with potassium 
permanganate (Anschutz a. Japp, Ber. xi. 211). 


AGtio7i of Zinc-eihyl. — When finely powdered phenanthraquinone is gradually 
added to zinc-ethyl diluted with ether to such an extent that it is no longer spon- 
taneously inflammable, a reaction takes place accompanied by evolution of gas and 
precipitation of a whitish powder. The addition of the qninone must be continued so 
as nearly to exhaust the zinc-ethyl, but leave it in slight excess. On decomposing tJie 
product with excess of alcohol, boiling, and filtering hot, a substance is obtained 
having the composition in transparent nearly colourless rectangular 

plates, often nearly an inch long, sometimes grouped in rosettes. It begins to soften 
at 73° and melts at 77° ; dissolves readily in all the ordinary solvents except water, 
which takes up only traces of it. Exposed to the air for some days in the finely 
divided state, it gradually changes to a deep orange-coloured gummy mass ; in a 
vacuum, however, it remains unaltered. 

The compound has not been obtained in the pure state, inasmuch as the 

last traces of alcohol cannot be expelled without decomposing it; but its acetyl- 
derivative, C^®^0XC-H®0), obtained by boiling it for some hours with acetic 
anhydride and adding alcohol to decompose the excess of acetic anhydride, crystallises 
from the solution on standing in large well-formed colourless prisms, which after 
being purified by reerystallisation from alcohol and from petroleum-ether, melt at 103° 
(Japp, Qhem. Soo. J. 1879, xxxv. 526). 

Reaction^ with^ Tolvme, — On mixing 5 c.c. of a solution of phenanthraquinone in 
glacial acetic acid (1 : 200) with 1 c.c. of toluene, adding 4 c.c. of concentrated 
sulphuric acid, drop by drop, and keeping the liquid cold, a bluish-green colour is 
produced. When this liquid after a few minutes is poured into water, a turbid purple 
solution is obtained, from which ether dissolves the colouring matter with a deep 
reddish-violet colour. This reaction is so sensitive, that even 0*0005 gram of the 
quinone may be detected by it. On evaporating the ether, a black mass is left behind 
which in thin layers appears indigo-blue. Xylene yields a similar body, dissolving in 
ether with a cherry-red colour (Lanbenheimer, Ber, viii. 224). 

Dibromophenanihraqiiinone, is produced by heating the quinone to 

180° for six hours with the calculated quantity of bromine and a little water, and 
crystallises from glacial acetic acid in yellow nodules, slightly soluble in alcohol, 
glacialacetic acid, and benzene, more readily in xylene, melting at 230°. When treated 
with alkalis, it does not yield an isomeride of alizarin (Hayduek, Liebig’s Annalen, 
clxvii. 185).^ According to Ostermayer (Ber. vii. 1090), it melts at 233°, and is con- 
verted by oxidation with chromic acid mixture into dihromodiphenicacid, which, 
as well as the dibromoqninone itself, is but sparingly soluble in all solvents. Its 
formation is always attended with that of a comparatively small quantity of trihromo- 
plmianthraquinone, from which it is best separated by means of chloroform. 


uu.uhL.o«mco 

Phenanthfagimone-oarboxyliG aeid, C^*H’'O2.0OOH =a I | , produced 

c«mco 

by oxidation of phenanthrene-carboxylic acid with chromic acid, is a body having the 
colour of phenanthraquinone, but distinguished therefrom by its solubility in cold 
aqueous sodium carbonate, and from phenanthrene-carboxylic acid by its solubility in 
acid sodium sulphate. It melts at 315° (Japp a. Schultz, Ber, x. 1661). ^ 
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Comtituiion of PhenantJirene, 

The formation of this hydrocarbon from stilbene or symmetrical diphenyl- ethylene 
(p. 675), by abstraction of hydrogen (Yii. 84), shows that it has the constitution of 
symmeteical diphenylene-ethylene : 

C«Hs~OH C«H^-GH 

li — 1 = I II 

C'ff— OH G»H*— OH 

Stilbene. Phenanthrene. 


Further, G-. Schultz {Ber. xi. 215) has converted Griess’s diamidodiphenic acid, 
C^^H^(NH^)^0^ (p. 658), on the one hand, into benzidine or diamidodiphenyl, 
by heating its barium salt with caustic baryta, and, on the other hand, 
into diphenic acid, COOH.C®H‘* — CO OH, by treating it with dilute nitric 
acid, converting the r^ulting nitrate by the action of nitrous acid into the corresponding 
nitrate of tetrazodiphemic acid, which, when treated with hydriodic acid, yields 
di-iododiphenic acid, C^-HH^(CO^H)®, and reducing this latter with sodium- 

amalgam, How benzidine is diparadiamidodiphenyl, ^ ^ 

and Grriess’s diamidodiphenic acid is prepared from meta-amidobenzoic acid, and 

HO^C CO^H 


“"v 

must therefore be represented by the formula b — < 

diphenic acid and phenanthrene by the following formulsTT 



HH-, and 


HO“C 


CO“H 



Dipnenio acid. 


HC ; 


; CH 


V 


■\_/ \ 


Phenantlirene. 


They are therefore di-ortho-compounds, and this conclusion is corroborated by the 
production of phthalie acid, without admixture of isophthalic or terephthalic acid, by 
the oxidation of phenanthraquinone by potassium permanganate (p. 1518). 

Moreover, as recently pointed out by Japp {Gkem. Soc. J, 1880, xxxvii. 88), many 
of the chemical reactions of phenanthrene seem to indicate that the dyad ethylene 
residue — CH=CH — in the diphenylene-ethylene forms part of an aromatic nucleus. 
On oxidation the two atoms of hydrogen are replaced by two atoms of oxygen (not by 
one), a quinone being formed. This quinone on reduction yields a quinol (hydro- 
quinone) containing the group — C(OH)~C(OH ) — , and dissolving in caustic alkalis 
hj virtue of these phenylic hydroxyl-groups. Monobromophenanthrene, in which the 
substitution of bromine takes place in the — CH^CH — group — the compound yield- 
ing on oxidation phenanthraquinone with elimination of the bromine atom— may, 
as Anschutz has shown {Ber, xi. 1217), be heated with strong alcoholic potash to 170° 
without undergoing change, and taking into consideration the relative mobility of the 
bromine-atom in monobromethylene and monobromstilbene, when these compounds 
are heated with alcoholic potash, this stability of monobromphenanthrene must be 
allowed to furnish very strong evidence that the group — CHrxCH — forms part of an 
aromatic nucleus. 

Further evidence of a similar character may be found in the direct forma- 
tion from phenanthrene and sulphuric acid of a sulphonic acid, in which the sulphonic 
group replaces one of the hydrogen atoms of the — CH~CH — group (p. 1517). A 
direct sulphonation of a hydrocarbon has as yet been observed only inlhe aromatic 
nucleus. In the fatty series the presence of an electro-negative group (ON, CO. OH, 
&c.) is necessary, in order that direct sulphonation may take place. All these reac- 
tions are specifically aromatic in character, and, taken together, form a strong cumu- 
lative proof that the — CH— CH — group belongs to a benzene nucleus. 

The synthesis of phenanthrene from symmetrical diphenyl-ethylene amounts there- 
fore to the construction of a benzene-nucleus, on the one hand from the ethylene 
residue — CH“CH — (which, as long as it exists in diphenyl-ethylene, shows by its 
entire behaviour that it does not belong to a benzene-nucleus) and, on the other, from 
two pairs of carbon-atoms, each of which pairs contained in previously existing 
benzene-nuclei; thus; 
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H 

G 

HO CH 

!! 


HO C 

CH 

CH 

HO 0 


HO CH 

Y 

H 

Stilbene. 


- H2 


H 

C 

HC OH 

nil 

Y\h 


0 CH 

/V" 

HC C 

i I. 

HO CH 

Y 

H 

Phenaathrene. 


Phenanfchrene is therefore dzortho-diphenylene-ethylene, and consists of three 
benzene-nuclei, one of which shares four adjacent carbon-atoms with the two others — 
one ortho-pair with each. This is the constitution originally attributed to anthracene 
(vi. 214). According to this view, phenanthrene may be derived from naphthalene 
by a repetition of the process by which naphthalene is derived from benzene, a 
suggestion thrown out by Graebe in the memoir above cited {Liebig's Annalen, 
clxvii. 133). 

PHaSKTAlTTBROlby O'® (OH). Hydroxy ghenanthrene (p. 1516). 

PKEXrSTBTXiAlVEZKrE, or Amido-et}iyl-benzme, C®H'*(C“H®).NH’^. A base 
isomeric with ethyl-aniline, 0®.NH(C®), and produced therefrom by intramolec- 
ular atomic interchange. See Benzenes (Ethylamido-), (p. 205). 

PHElfOE, C® 0 =;= C®H®.OH. This compound is a constant product of the 
putrefaction of albumin (E. Baumann, Per. x. 685), and is formed, together with 
indole, when fibrin which has putrefied in contact with the air is subjected for several 
weeks in closed vessels to the action of water under a layer of ether ("Weyl, Zeitschr, 
fhysiol. Chem. i, 339). 

Be actions, — 1. Phenol-vapour passed through a red-hot tube is resolved into 
benzene, toluene, naphthalene, anthracene, phenanthrene, and a liquid boiling between 
112° and 145°, winch appears to consist for the most part of xylene (Kramers, 
Liebig's Annalen, clxxxix. 129). 

2. Phenol, subjected to exhaustive chlorination (p. 1066), is converted into per- 
ch lorobenzene, together with perchloromethane, perchlorethane, and carbon 
dioxide (Ruoff, Ber. ix. 1483) ; by e^austive bromination in like manner it yields 
perbromobenzene, together with carbon dioxide (Gessner, ibid. 1505). 

8. By heating with antimony yentacUoride, it is completely decomposed (Lossner, 
L, pr. Che7n. [2], xiii. 418). 

4. Heated in a sealed tube at a temperature below 100° with chromyl chloride, it 
yields quinol-ether or quinyl-oxide, (C®H‘‘OH)^0 (Etard, p. 1444). 

5. Phenol heated in an alcoholic solution containing excess of potash or soda 
with carbon tetrachloride, yields a mixture of ortho- and y)«ra-hydroxybenzoic acids 
(p. 285), and a similar reaction takes place with substituted phenols, according to the 
general equation : 

C“H%OHa + COl* + SHaOH = + 4HaCl + 3H«0. 

In this manner chloro-, nitro-, &c. hydroxybenzoic acids may be formed, and similarly 
pheuol-dicarboxylic acid from salicylic acid : 

6. y^i^Alhaline Carbonates. — ^Anhydrous phenol, stronglyheated for some time in a 
sealed tube with solid ammonium carbonate^ yields a colouring matter which dyes silk 
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and wool a very fine grey, capable of withstanding the action of soap, acids, and light 
(J. Both, Bingl. pol. J. ccxxvi. 560). Phenol fused with sodium carbonate yields 
chiefly catechol, resorcinol, and phloroglucinol, together with small quantities of 
other substances (Barth a. Schreder, B&r, xii. 417). A solution of potassium oarbomie 
is decomposed by phenol at the boiling heat (Baumann, ibid. z. 686). 

6. With Glycerol. — When a mixture of 2 pts. phenol, 2 pts. glycerol and 3 pts. 
sulphuric acid is heated for some time at 120^^—130°, the mixture first turns yellow, 
then yellowish-red, and finally dark red ; and on dissolving the thick mass in water, 
and adding hydrochloric acid, a colouring matter is precipitated which dissolves 
sparingly in ether, easily in alcohol and in water, but does not appear to be crystal- 
lisable. It is coloured a fine red by alkalis, and by salts which have an alkaline 
reaction, and forms lakes with baryta, alumina, lead oxide, and other metallic oxides. 
Heated with aniline^ it forms a red dye-stuff coloured violet-red by ammonia. Similar 
bodies are obtained from pyrogallol and thymol (0. Eeiehl, Ber. ix. 1429). 

7. With Aniline and Sodium Hypochlorite. — ^When aniline is added to an alcoholic 
liquid containing pjjenol, and then sodium hypochlorite, a brown colour is produced, 
gradually changing to greenish blue ; and on diluting after a while with an equal 
volume of water, and adding a very small quantity of ammonium sulphide, the colour 
changes to a pure blue. This colour, which soon turns to brown, is restored by further 
addition of the hypochlorite (lacquemin, Ann. Chim. Bhys. [5], ix. 571). See Eey- 
THaOPHEOTC Acii) (p. 738). 

8. On the reactions of phenol with Cinchona-bases, see pp. 486, 492, 493. 

Distinction between Bhenol and Creosote. — ^The following distinguishing characters 

of phenol and creosote are given by A. M. Read {^Arch. BJmrm. [3], iv. 444) : 


3-4 vols. saturated bai^a- 
water 

Alcoholic solution of ferric 
chloride 

Aqueous solution of ferric 
chloride 

Glycerin 


Creosote 

Turbid solution 
Green 

Ho reaction 

Soluble ; reprecipitated by 
water 


Bhenol 

Clear solution : after some 
time slight precipitate or 
none 

Brown 

Blue 

Soluble : not precipitated 
by water 


See also Watzel (p. 681). 

Distinctive tests for Phenol, Oresol, and Creosote are given by H. AUen {Analyst^ 
1878, 319 ; Chem. Soc. J. xxxvi. 182). 

Volumetric Estimation. — ^W. F. Koppeschaar estimates phenol volumetrically 
by a method, originally suggested by Landolt {Ber. iv. 770), founded on the insolu- 
bility of tribromophenol. The estimation may be effected by adding a known excess 
of bromine to phenol, whereby tribromophenol is precipitated, replacing the excess of 
bromine by iodine, and titrating the latter with sodium thiosulphate. The use of 
bromine-water is, however, inconvenient in many respects, and it is therefore better 
to make use of nascent bromine evolved from a mixture of bromide and bromate of 
sodium. This mixture of salts, 5HaBr + NaBrO®, is obtained by treating a solution 
of sodium hydroxide with excess of bromine, evaporating to dryness, and pulverising 
the residue. Its chemical value must be determined by means of potassium iodide 
and sodium thiosulphate. To perform the analysis, 25 c.c. of the phenol-solution 
containing 0‘1 g. of the sample are placed in a bottle of 250 c.c. capacity; 100 c.c. of 
the triturated solution of the mixed salts, and 5 c.c. of strong hydrochloric acid are 
added, and the bottle, after being closed and shaken, is left at rest for a quarter of an 
hour, after which it is opened, 10 c.c. of potassium iodide solution are poured in, the 
bottle is again shaken, and after a while the separated iodine is determined by titration 
{Zeitschr. anal. Chem, 1876, 233 ; Chem. Soc. J. xxxvi. 182). 

Flienol-etliers. Methyl B hen at e oi Ani soil, G’^WO — C^K^.OCW.— Some 
new derivatives of this compound have been obtained by W, H. Perkin {Chem. Soc. J", 
xxxiii. 211). 

OOH® 

o-Vinyl-anisdil, prepared by leaving methyl-o-oxyphenylacrylic 

acid (p. 606) in contact with hydriodic acid (sp. gr, 1*94) for two or three days ; 
agitating the mixture frequently, and adding the product by small quantities and with 
frequent agitation, to a cold aqueous solution of sodium carbonate ; boiling the resulting 
milky liquid in a retort till no more oily product distils over ; then warming the distil- 
late to promote the separation of the oil in the form of a layer, and drying this oil 

VoL. VIII. 5 P 
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with potassium carbonate. This compoimd boils between 195® and 200®, but it poly- 
merises so quickly when heated, that its boiling point cannot be determined within nar- 
rower limits. When heated for an hour at 150®, it changes into a transparent vitreous 
polymeride, which is insoluble in alcohol, but dissolves in benzene, and is reconverted 
into o-vinyl-anisoil by distillation. Inlike manner, ortho-allyl-anisdil, C‘’H\OCH®)C^H®, 
is obtained from methyl- o -oxyphenylcrotonic acid and ortho -hutenyl^anisdil, 
from methyl-o-oxyphenylangelic acid. 

The boiling points and specific gravities of these bodies, and of the corresponding 
compounds of the y/czro-series, are given in the following table : 



Boiling point 

Specific gravity 


at 15° 

at 30° 

at 45° 

Paravinyl-anisoil . 
Orthovinyl-anifioil , 
Parallyl-anisoil . . 

OrbhoaUyl-aniso'il . 
Parabutenyl-anisoil 
Orthobutenyl-anisoil 

204®-205® 

rmcertain 

232® 

222®-223® 

242®-243® 

232°-234® 



0’9761 

0*9793 


The para-compounds crystallise readily; the ortho-compounds do not solidify 
even in a fceezing mixture. 

Ethyl JPhenate or = is formed by heating a 

mixture of phenol and ethyl alcohol with zinc chloride, and by heating a solution of 
phosphoric anhydride in phenol with alcohol (Kastropp, x. 1685). By exhaustive 
chlorination, it yields perchlorobenzene, together with carbon dioxide and per- 
chlorethane. Methyl phenate, or anisoil, similarly treated, yields perchlorobenzene, 
carbon dioxide, and perehloromethane (Ruoff, Ber. ix. 1483). 

Mtrophenefdils are obtained by the action of sodium ethylate on the corresponding 
nitrochlorobenzenes, e.y . ; 

C«H«(N02)2C1 + HaOC^H* « HaOl + C'*H«(N02)20C2H*. 

It is advisable to use double the quantity of sodium required by the equation, and to 
add it by small portions. The liquid becomes hot and acquires a red colour ; hydrogen 
is rapidly evolved ; and the nitrated phenetoil separates as a brown precipitate, which, 
after dilution and acidulation, may be collected on a filter, and crystallised several 
times from boiling alcohol, with addition of animal charcoal. Trimtrophenetdil thus 
obtained crystallises in amber-coloured needles; dinitrophenetdil in small yellow 
needles. 

Amidoptiexiols. When ortho-amidophenol is treated with bleaching powder, 
or better with potassium ferricyanide, an amorphous humus-like body is obtained 
which forms red crystals when heated, and appears to have the composition 
It is slightly basic, and forms bright-coloured solutions with acids 
(G-. Fischer, J. pr. Ohem. [2], xix. 317). 

Blamidophenols, C®H*(NH-)'OH. (1). a'Biamidophenol, 

or [1:2: 4]. The hydrochloride of this base is obtained 
by acting upon a-dinitrophenol with tin and hydrochloric acid, and precipitating the 
resulting tin salt with strong hydrochloric acid. When heated in an oil-bath at 80®- 
210° with benzoyl chloride, it yields a di- and a tri-benzoyl derivative. 

The dihe7i2!oyl-derivative, C®H*(NE[.CO.C®fi^)®OH,* is contained in the portion of 
the crude product which is soluble in alcohol, and may be precipitated from the solu- 
tion by water. By repeating these operations of solution and precipitation, and finally 
crystallising the product, best from benzene, it is obtained in crystals having a faint 
reddish colour and melting at 187®~188°. It dissolves readily in aniline, alcohols, 
chloroform, and glacial acetic acid, sparingly in benzene, very sparingly in ether, and 
not at all in water. Cold fuming nitric acid converts it into nitrodibenzoyl-a-diamido- 
pheml^ C®H2(NO^)(OH)(NH.CO.C®H^)^, which crystallises from glacial acetic acid in 
slender yellow needles, very slightly soluble in alcohol (K. Stuckenberg, Ber. x, 385). 

TTibensoyt-a^iamidophenol, q*q is the chief constituent of 

the residue left on digesting the product of the above-described reaction in alcohol, 
and may be extracted there&om by glacial acetic acid and purified by recrystaUisa- 

Note by Dr, Armstrong . — Stuckenberg has given no proof that these benzoyl-dei’ivatives have the 
constitution above indicated. It is more than probable that the H of the OH-group is displaced in 
the tri-, if not in the di-derivative. 
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tion. It forms colonrless microscopic crystals melting at 201°~233®, easily soluble 
in aniline, sparingly in glacial acetic acid, insoluble in alcohol, benzene, ether, chloro- 
form, and water (Stuckenberg). 

12 6 

ami do 'phenol, ‘ The hydrochloride, 

C®H^(NH“)^OE[.2HCl, prepared as above described from jS-dinitrophenol, [1, 2, 6], 
is easily soluble in water, sparingly in alcohol, insoluble in ether, soluble in warm 
dilute hydrochloric acid, from which it crystallises in long rather thick needles. 
The sulphate, is formed by adding an excess of sulphuric acid 

to the concentrated solution of the hydrochloride, or by dissolving the latter in dilute 
sulphuric acid, and separates from the solution on addition of alcohol, in shining 
needles, light yellow by transmitted light; easily soluble in water, sparingly in 
alcohol, insoluble in ether. It has not been found possible to obtain any other salts 
of this base or the base itself. 

Benzoyl-derivatives are obtained by treating the hydrochloride with benzoyl 
chloride at 60°-195° ; and on digesting the somewhat fluid pulp thereby produced 
with a solution of s(^um carbonate, and filtering, the filtrate deposits a dingy yellow 
body, and the residue on the filter, when several times dissolved in alcohol, precipi- 
tated by water, and finally crystallised from benzene, yields dibenzoyl-^-diamidopheoiol, 
C®H®(NH.C0.G®H^)20H,* in small prisms having a faint greenish colour, melting at 
209°-213®, easily soluble in alcohol and glacial acetic acid, sparingly in benzene. 

The yellow body above mentioned, after being once crystallised from alcohol, may 
be resolved by chloroform into two compounds, one soluble in that liquid, the other 

insoluble. The latter consists of trihenzoyl-^-diamidophenol, 

which when purified by crystallisation from alcohol, forms broad needles, melting at 
183°“184°, nearly colourless by reflected light, but exhibiting a rather strong dichroism 
when examined by the polarising microscope. 

Tetrahenzoyl-^-diamidophenol, C^B[®[N(OO.C®H^)®pOH,is the portion of the yellow 
body which deliquesces in chloroform. When recrystallised from alcohol it forms 
thin plates, appearing colourless to brownish yellow by transmitted light, and likewise 
acting on polarised light, but exhibiting merely alternations of light and darkness. 
This compound melts at 182*^, is insoluble in water, dissolves in alcohol as easily as 
the preceding, and is more soluble in benzene and in ether. 

Triamidoptienol, 0®H-XNH2)30H (vi. 916). The action of bromine and water 
on this compound has lately been studied by Weidel a. Gruber {Ber, x. 1137). The 
chief product of this reaction is bromodichromazin, which is pro- 

duced by gradually adding bromine (90 c.c.) to a solution of triamidophenol hydro- 
chloride (200 grams) in 50 pts. of water. The blue colour of the diimidoamidophenol 
first produced then passes into yellow, and on leaving the filtered solution at re.st, 
impure hromodiohromazin is deposited in glistening brownish-yellow needles; the 
mother-liquors yield a little more of the substance on agitation with ether. It is 
purified by washing it with boiling chloroform, and crystallising the residue from 
alcohol, with the aid of animal charcoal. The long yellow prismatic crystals formed 
on spontaneous evaporation of the alcoholic solution exhibit a feeble violet dichroism. 
The compound is very slightly soluble in ether, and insoluble in benzene, chloroform, 
and carbon bisulphide ; boiling alcohol and acetic acid dissolve it with facility. 
When heated it is decomposed without previous fusion, giving off bromine vapour. 
It dissolves in concentrated sulphuric acid, but is precipitated by water unchanged, 
so that it is evidently not a hydrobromide of the compound C^®B[’N^Bri°Ob 

Mercuric acetate, added to a solution of bromodichromazin in acetic acid or alcohol, 
produces a pale-yellow crystalline precipitate of the compound (C^®II’N2Br^^O’')-Hg 
+ 3Hg(C-H^O“)^ which, when heated to 100°, becomes brown, evolves bromine, and at 
a somewhat higher temperature explodes. It is decomposed by sodium-amalgam, with 
formation of ammonia, and when fused with potassium hydrate yields only oxalic acid. 

Bromodichromazin, boiled with a mixture of equal parts of sulphuric acid and 
water until it no longer separates on dilution, is converted into bromodichroic acid, 
which separates after some timedn crystalline crusts, the reaction being 
C^®H®Br"]S'^0’ + 4H^0 = C^®H’'Br“0^^ + 3NH^ A further quantity maybe obtained 
by exhausting the acid liquors with ether. It may be purified by repeated crystallisa- 
tion from a mixture of ether and benzene with the aid of animal charcoal, and then 
forms colourless tabular prismatic crystals of considerable size, easily soluble in water, 
alcohol, and ether. When heated it decomposes below 100°, turning brown, and at a 
higher temperature evolves bromine, and chars without previous fusion. Its solution 
■ has an acid bitter taste, and easily decomposes carbonates. Bromodichroic acid yields 


^ See note on p. 1522, 

5j'2 
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precipitates with lead and silver salts, but they qnicHy decompose, being transformed 
into the bromides ; alkalis also decompose it very rapidly. The calcnm and barnim 
salts are obtained by acting on their respective carbonates with a solution of the acid. 
They crystallise in slender needles, which are very hygroscopic, and quickly change on 
contact with the air. Bromodichroic acid is reduced by sodium-amalgam, but the 
product has not been obtained in the pure state ; when fused with potash, it yields 
acetic acid and resorcinol. 

Bromodiehromazin boiled for some time with dilute nitric acid, is changed into an 
oil having the composition of hexhromacetone, which crystallises on standing, whilst 
bromine and bromopicrin are produced at the same time. Chromic acid or chromic 
mixture acts in a similar manner ; but an alkaline solution of permanganate completely 
decomposes the compound. Bromine acts strongly on bromodiehromazin ^ suspended 
in water, causing an evolution of carbonic anhydride, and although the action goes^ on 
slowly at the ordinary temperature, it may be completed in a few minutes by heating 
the mixture at 100°. On cooling, the hexbromacetone above mentioned separates in 
lustrous scales, which may be purified by crystallisation from chloroform. Its form- 
ation by this last reaction is represented by the equation ^ 

+ 34Br + l^H^O = SC^Br^O + 3NH'‘Br + 900® + 24HBr. 
Hexbromacetone crystallises in monocHnic prisms. It is insoluble in water even at 
the boiling heat, but dissolves easily in chloroform, carbon sulphide, benzene, and 
ether, and with partial decomposition in alcohol. It melts in the dry state at 1 07°- 
108°, under water at 100°, and decomposes at 200°. By boiling with alkalis, or by 
heating with water at 1 80°, it is converted into bromoform. Heated in a sealed tube 
at 150° with red fuming nitric acid, it is converted into bromopicrin; with ammonia 
it yields bromoform and tribromacetamide. Dissolved in aqueous methyl alcohol and 
treated with sodium-amalgam, it is converted into pseudopropyl alcohol. 

Blazoplienol compounds (Weselsky, Ber, viii. 895). When nitrous gas 
is passed into an ethereal solution of phenol cooled with ice, it is quickly absorbed, 
with formation of diazophenol nitrate together with mono- and dinitrophenol, the 
reaction taking place according to the following equations : 

(1) . c«H®o + 2N203 = esH^N^o -h 2mm 

(2) . + NO^H = C°H^(N02)0 -h H^O. 

When the operation is carefully conducted on a rather large scale (200 g. phenol and 
a litre of ether), the yield of diazophenol nitrate is nearly equal to the theoretical 
amount. As soon as the nitrons gas ceases to be absorbed, the liquid is left to cool, 
and after a while needle-shaped crystals are deposited, the formation of which indeed 
goes on during the absorption of the gas. The liquid separated from them yields on 
further treatment fresh quantities of the diazofhenol nitrate^ contaminated with 
resinous products, from which it may be freed by solution in alcohol and precipitation 
with ether, but even then it retains a faint brownish colour. Diazophenol nitrate is 
very explosive, but burns without detonation, leaving a large quantity of charcoal. 
It is decomposed by alkaline liquids, also by boiling with alcohol or with water. The 
sulphate, C®H*N'0,HSO\ prepared by treating the nitrate with 1 vol. sulphuric acid, 
2 vols. water, and a small quantity of alcohol, filtering, and mixing the solution with 
ether till it becomes turbid, crystallises well, is not explosive, and may be dried at 
100°. By decomposition with barium chloride, it yields the explosive hydrochloride, 
and from this, or from a mixture of the sulphate with hydrochloric acid, the well- 
crystallised platimchloride, (C®H®N"0Cl)2PtCD, may be obtained, 

Bromoplieuols. Ortho'bromo'phenol has been prepared by Fittig a. Mager {Ber. 
viii. 362) by converting orthobromaniline into diazobromobenzene stdphate and de- 
composing the latter with water ; distilling the product with steam ; agitating the 
distillate with ether ; distilling off the greater part of the ether ; drying the concen- 
trated ethereal solution with calcium chloride, and distilling it twice. As thus pre- 
pared, it is a colourless liquid having a very disagreeable and persistent odour ; it 
boils at 1 94°-195°, does not solidify on cooling, and is slightly soluble in water. When 
decomposed strong potash-ley at the lowest possible temperature, it yields 
resorcinol as chief product, together mth a small quantity of catechol. 

Metabromophenol, prepared in like manner from metabromaniline, is a laminar, 
perfectly colourless mass, which does not alter even in sunshine. Its odour is phenolic, 
but not nearly so disagreeable as that of the ortho-compound. It melts at 32°-33°, 
toils at 236°-236-5°, and when pure solidifies in a short time after distillation. The 
oily compound obtained from metabromaniline by Korner and by Wurster a. Nolting 
(vii. 905) was impure. Metabromophenol, decomposed with strong potash-ley, yields 
cliiefly resorcinol, together with a small quantity of catechol. 

Parabromophenol melts at 64°, not at 66*4° as stated by Korner, 
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The fact that the three hromophenols, when fused with potash, all yield resorcinol, 
shows that this compound is the most stable of the three dihydroxybenzenes, and that 
fusion with potash is by no means a trustworthy method of determining the constitu- 
tion of an isomeric aromatic compound (Fittig a. Mager). 

Tribromophenol) C®.OH.Br.H.Br.H.Br, is converted by the action of potas- 
sium sulphite, chiefly into a body which is perhaps a bromo-derivative of 
(^Armstrong a. Harrow, Ckem. Sog. J. xxix. 476). By direct nitration it is converted 
into orthobrom-a-dinitrophenol (m. p. 117°), but by treating 1 mol. tribromophenol 
dissolved in glacial acetic acid with 1 mol. nitric acid, diorthobromoparanitrophenol, 
C^.OH.Br.H.NO^.H.Br, is produced (Armstrong a. Harrow, ibid. 477). Tribromo- 
phenol bromide^ C^H^Br^.OBr, is formed by the action of bromine-water in excess on 
tribromophenol, and is reconverted into the latter by boiling with alcohol or by re- 
duction with tin and hydrochloric acid (Benedikt, Ber. xii. 681). 

diloropbenols. Trichlorophenol, C®.0H.C1.H.CLH.C1, heated at 170° 
with potassium sulpl^te, yields the potassium salts of dichlorophenolsulphonic and 
chlorophenoldisulphonic acids. The former treated with strong nitric acid yields 
diohlororthonUrophenol melting at 121° ; the latter, dwrthonitroparacMorophenol melt- 
ing at 80*5° (Armstrong a. Harrow, loc> dt.) 

Berohlorophenol Chloride, C®H^HO = C®CP.OH,CP, is formed by passing an 
excess of chlorine into an acetic acid solution of metachloracetanilide. The product 
is precipitated by water, and the precipitate extracted with dilate acetic acid ; the 
insoluble residue is then treated with carbon bisulphide to dissolve the chloride, which 
crystallises out on evaporation of the bisulphide. By washing with alcohol and 
recrystallisation from light petroleum, it is obtained in large colourless prisms melting 
at 78‘5°-80°. It is easily soluble in benzene, carbon bisulphide, and alcohol, but 
only slightly soluble in acetic acid. Alkalis decompose it completely ; when heated 
at 230° with alcohol it yields pentachlorophenol, C^^CPOH, melting at 183°(Beilstein, 
Ber. xi. 2182). 

Xodophenols. Orzli^o-iodophenol forms fine crystals melting at 43°. Bara- 
lodophenol fused with potash at 165° yields quinol (Kbrner), but at higher tempera- 
tures it yields resorcinol (Nolting a. Wrzesinski, Ber. viii. 820). 

Cyanopbenol, C®H'‘(CN)OH, is formed by boiling diazocyanobenzene nitrate, 
C®H^(CN)N2.NO^ (vii. 426), with water, filtering the solution after cooling, neutral- 
ising the filtrate with ammonia, and evaporating. It is then obtained as a dark- 
coloured oil which quickly solidifies and may be purified by washing with water, 
drying, and distillation. It dissolves readily in alcohol and ether, and crystallises 
therefrom in small white rhombic prisms ; from hot water it separates on cooling, 
also in rhombic prisms. It melts at 82°, has an intensely sweet and at the same 
time biting taste, and an odour like that of phenol, but fainter. Heated for some 
hours with strong hydrochloric acid in a sealed tube placed in the water-bath, it is 
converted into meta-hydroxybenzoicacid (Griess, Ber. viii. 859). 

Kltroplieiiols. Determinations of the crystalline form, specific gravity, and 
solubility of the potassium, barium, and silver salts of the three isomeric mononitro- 
phenols have been made by Post a. Mertens {Ber. viii. 1549 ; Jahresb. f. Chem. 1875, 423.) 

The action of nitric acid on phenol and the nitrophenols has been studied by 
Goldstein {Ber. xi. 1943) with the following results: 

(1) . The ratio of the quantity of the more to that of the less volatile of the 
isomeric nitrophenols, obtained by the action of nitric acid on phenol, bears, within 
certain limits, a direct proportion to the temperature employed. 

(2) . By the action of strong nitric acid on orthonitrophenol, a crystalline body is 
formed, which melts at 105°, and dissolves in hot water to an intensely yellow solution 
having a bitter taste. 

(3) , A quick method of preparing dibromonitrophenol from orthonitrophenol con- 
sists in adding aqueous bromine to its alkaline solution until no further separation of 
the product is observed. On filtering, the dibromonitrophenol (m. p. 117°) is ob- 
tained nearly pure. 

Metanitro phenol, formed from metanitraniline by the diazo-reaetion, is easily 
soluble in alcohol and ether, crystallises from carbon sulphide in feathery plates, 
melts at 96°, and distils unchanged at 194° under a pressure of 70 mm. It decomposes 
carbonates, forming beautiful salts. The potassium salt crystallises with 2 mol. H-0, 
in orange-coloured flat needles. 

Metanitranisoil is obtained by heating this potassium salt in alcoholic solution 
with excess of methyl iodide. It crystallises from alcohol in colourless needles, melts 
at 38°, boils undecomposed at 254°, and is easily volatilised by steam. Metanitro- 
phmetoil, prepared in like manner, melts at 34°, boils with slight decomposition at 
264° under ordinary pressure, and at 169° under a pressure of 70 mm. 
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Besnrcinol is easily obtained from metanitrophenol through the amido-compound 
and diazo-reaction. THnitToresorcinol or Btyphnio acid is formed in ^ theoretical 
quantity by the long-continued action of boiling concentrated nitric acid on meta- 
nitrophenol (A. Bantlin, Ber, xi. 2099). 

B aranitToylienol , — 0. Lehmann {ZeitscJir. f, Kryst. i. 45) finds that this com- 
pound is dimorphous ; he distinguishes the ordinary modification by the prefix b ; the 
other, which is unstable and produced by the fusion of the first, by the prefix a. The 
^-modification is monoelinic. Axes a : b l £?= 0-6796 : 1 : 0*3445. ^ = 79'6°. Com- 
binations coS2, +P, and frequently also copco. Observed angles: ooP2 : co52 
forwards = 106° 19'; -fP : -hP in the vertical edge = 36° 22 ' ; -f P : +P back- 
wards == 65°. Cleavage distinct parallel to +Pco. The first median line forms 
with the vertical axis an angle of 22 °, in the acute angle of the axes a and g. Through 
a cleavage-plate parallel to -t-P oo, both axes may be seen at the edge of the field of 
view, and situated in the plane of symmetry. The angle of the optic axes is very 
large. The 5-modifieation is also monoclinic, and was formerly regj^rded by Kokscharow 
(iv. 396) as identical with the u-modifieation. The first median line for yellow light 
forms with the principal axis an angle of 47 |° in the obtuse pgle of the crystallographic 
axes. The true angle of the optic axes is 70°, and their plane is parallel to the 
plane of symmetry. 

ninitrophexiols, C'^H®(hr02)20H. Two of these compounds, having the con- 
stitutional formulae 1 : 2:4 and 1 : 2:6 (OH in 1 ), and designated respectively as 
the a and P modifications, are described in vii. 909. 910. The following ethers of the 
a-eompound have been examined by Willgerodt {Ber, xii. 762), who prepares them by 
dissolving a-dinitroehlorobenzene, [Cl : : HO®==l : 2 : 4], in the corresponding 

alcohols, and adding a solution of potash in the same alcohols. The reaction may be 
represented by the general equation : 

C^H3(H02)2C1 + HOH -h C«H 2 “+hOH = KOI -h H^O + 

Thus by acting on a-dinitrochlorobenzene dissolved in methyl alcohol with a methyl 
alcohol solution of potash, a-dinitroanisoiT, C®H 2 (HO-)^.OCH 2 , is obtained. The 
same compound is formed by the action of a methyl-alcohol solution of potash on an 
ethereal solution of the dinitro-componnd ; the reaction may also take place in 
presence of water. The ether crystallises in long yellow needles melting at 86°-87°. 

a-Dinitrophenetoil, C®H®(H 0 -) 2 . 00 -H®, prepared in a similar manner, sub- 
stituting ethyl for methyl alcohol, crystallises in long white needles melting at 86 °. 
The corresponding propyl and amyl ethers are yellowish oily liquids. 

a-Dinitrophenyl allyl-ether, obtained by acting on a-dinitrochlorobenzene 
dissolved in allyl alcohol with an alcoholic solution of potash diluted with water, 
crystallises in long needles or asbestos-like masses, melting at 46°-47°. 

The glycerol ether, 0®H2(N02)2.0C2H®(0H)-, is obtained by dissolving dinitro- 
chlorobenzene in glycerol with the aid of heat, and adding to it a solution of potash 
in glycerol. The product may be crystallised from water, alcohol, or ether ; from the 
latter it separates out as a crystalline mass, melting at 83°. 

a-Dinitrophenyl phenyl-ether, 0®H®(NO-)®.OC^’H^ is obtained by acting on 
a solution of a-dinitrochlorobenzene in carbon bisulphide with potassium phenylate. 
Crystallised from alcohol it forms long prisms or needles resembling urea-crystals. 
It melts at 71°. Maikopar {Ber. vi. 564) obtained an ether melting at 65° by the 
action of potash on an alcoholic solution of phenol and dinitrochlorobenzene. This 
Willgerodt concludes to have been impure, since he has obtained an ether melting at 
71 ° by acting on an alcoholic solution of dinitrochlorobenzene with the calculated 
quantity of potassium phenylate. 

Three other dinitrophenols ( 7 , 5, e) have been obtained by Bantlin {loc. cit.) by 
the action of nitric acid on metanitrophenol. They are separated by taking advantage 
of the difference of solubilities of their barium salts in water (5 from 7 and e), and 
in alcohol (7 from e). 

y^Binitrophenol is soluble in ether and in hot alcohol ; is easily volatilised by 
steam, separating on condensation in yellow needles (m. p. 104°). The potsissium 
salt crystallises with 2 mol. H^O in thick, bright red needles ; the barium salt, with 
3 mol. H^O, in bright red needles. 

crystallises from water in long colourless silky needles, which melt 
under water at 60°-60° in the dry state at 134°. The potassium salt crystallises 
from water in red needles ; the barium salt with 3 mol. in red-brown 

prisms. 

e-Binitrojphenol crystallises from water in small yellow needles (m. p. 144°). The 
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potassium salt crystallises witli 2 mol. H^O in yellow needles ; the baritun salt crys- 
tallises anhydrous in large brown needles. 

Diniiroanisdils are obtained by heating the potassium salts of the coiTespouding 
dinitrophenols with alcohol and methyl iodide at 100°; also by the action of concen- 
trated nitric acid on metanitroanisoil. 

y’-Dhiitroanisdil crystallises from alcohol in bright yellow needles melting at 96° ; 
it boils undecomposed above 360°, and is easily volatilised by steam. 

^-Dinitroanisdil crystallises in slender golden-yellow needles melting at 70° ; it is 
less easily volatilised by steam than the y-compound. 

^-Dinitroanisdil crystallises from alcohol in colourless thick plates melting at 
118°. 

The three dinitrophenols, y, S, and e, are converted by the action of boiling con- 
centrated nitric acid into trinitroresorcinol or styphnic acid, C®H(NO‘-^)^(OH)- 
(p. 526). 

Constitiotion of the Dinitrophenols. — a- and jS-dinitrophenol are, as already observed, 
the 1:2:4 and 1**: 2 : 6 modifications (vii. 908). The constitutional formula of the 
7 , 5, and e modifications are determined, at least approximately, by the following 
considerations : 

7 -DinitranisoLl, C®H®(N02)2.00H®, heated in a sealed tube with ammonia at 170°, 
is converted, like the a- and )3-modifications, into a dinitraniline, C®H^(NO^)-.NE[^ 
which when treated with ethyl nitrite yields [1 I 3] dinitrobenzene. The 5- and 
e-modifications, treated in like manner, behave differently, being converted into 
nitroanisidines or nitro-amido-anisoils, C®H^(ISr02)(KH2)0CH®. The base 
thus obtained from 5-dinitranisoil, crystallises in brown needles melting at 129°, and 
subliming without decomposition in light yellow laminse ; when treated with ethyl 
nitrite it is converted into j^jara-nitroanisoil which volatilises easily with aq^ueous 
vapour and melts at 52°.* e-Dinitroanisoil, treated in like manner, yields a nitro- 
anisidine which crystallises in long yellow needles melting at 76°, and is converted 
by ethyl nitrite into ^wc^ctnitroanisoil. 

The relations between these several compounds, and their derivation from meta- 
nitrophenol, C®.OH.H.N02.H®, may be represented by the following scheme : 
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The formation of trinitroresorcinol or st^hnic acid from metanitrophenol must be 
preceded by that of a tetranitrophenol, since styphnic acid may be produced from 
either of the dinitrophenols above mentioned. This tetranitrophenol has probably, 
according to Bantlin, the constitution C«.0H.N02N02.N02.N02H; and as the styphnic 
acid formed from it must, as a derivative of resorcinol, have its two OH-groups in the 
meta-position with regard to each other, it may be represented by either of the 
formulae C^OH.NO^.NO^.NO^. OH.H or Cfi.0H.N02.0H.N02,N02H. The former is 
regarded by Bantlin as the more probable of the two. 

* The melting point of this compound is usually given too low. Bantlin finds that when pre- 

pai-ed from potassium paranitrophenate and methyl iodide it melts at 52° and boils without decom- 
position at 274°. 




1528 


PHEl^OL. 


Trinitropbenol or Picric ^cid, G®H^(N02)®0H, [1 : *2 : 4 ! 6, OH in 1]. On 
the thermal relations of this compound and its salts, see Heat (pp. 954, 973, 981). 

On the explosive force of JPotasmm Picrate, see p. 767. ^ 

On the preparation of Lead Fiorate, and its use for filling perenssion-caps, see 
Prat Qfonit scieiit. [3], iv. 665; Jahresh, f, Chem. 1874, 1124). This salt is inter- 
mediate in explosive po'wer between gunpowder and nitroglycerol. 

Mhyl Picrate, C^H-(N02)30C-H®, which Miiller a. Stenhouse obtained by digesting 
dry silver picrate with ethyl iodide (vi. 91 1), is also produced by the action of alcoholic 
potash on an alcoholic solution of picryl chloride, C®H-(N02)®C1. The phenyl-ether 
prepared in like manner with an alcoholic solution of potassium phenate, crystallises 
in white needles (Willgerodt, Ber, xii. 1277). 

Acetyl Picrate, C®H\]S'02)3(0C2H®0). — ^When 1 pt. of picric acid and 4 pts, of 
acetic anhydride are heated in a reflux apparatus for two hours, a yellowish liquid is 
obtained, consisting of a solution of acetyl picrate in acetic anhydride. On adding 
water, the picrate is precipitated as a yellowish-white crystalline powder, which is to be 
washed with water and dried, first by pressure and then in a vacn¥>m. Acetyl picrate 
melts at 75^-76®, becoming pale yellow and oily; at 120° it gives off acetic acid; 
it darkens at 180°, and decomposes completely at 260°. It is soluble in ether, alcohol, 
and ethyl acetate, also in sulphuric, nitric, and hydrochloric acids. A few hours^ 
exposure to air, and even less when in contact with water, causes it to become yellow, 
owing to partial decomposition. With an alkali it splits up into picrate and acetate 
of the aliali-metal. The ethereal solution, when evaporated, deposits beautiful 
crystals of a deep yellow colour (Tommasi a. David, Comyt. rend, Ixxvii. 207). 

Biazobenzene Picrate is formed by the action of diazobenzene nitrate on sodium 
picrate ; also by that of picric acid on diazohenzene-piperidine, dis- 

solved in ether. It forms gold-yellow crystals, which decompose at 95°~100° ; large 
quantities detonate when heated. It is insoluble in water, alcohol, ether, and 
benzene (Baeyer a. Jager, Per. viii. 893). 

Isopicrio acid, C®H2(HO-)®OH, [1 : 3 : 4 : 5, OH in 1]. — This acid is formed 
by the action of fuming nitric acid on metanitrophenol and on 7 and S diuitrophenols, 
whence its constitution is established. It crystallises from water, or better from 
nitric acid, in light yellow, shining, transparent prisms, which melt at 174°, dissolve 
readily in hot water, with moderate facility in cold water, and colour the skin deep 
yellow (Bantlin, Per. viii. 21). 

AmidonitropHenolSy C®H®(NH“)(N02).0H (Stnckenberg, Per. x. 382, 385). 
a-Amidonitrophenol, [OH : NH* : NO^ssl : 2 : 4], is formed by the action of 
ammonium sulphide on c&-dinitrophenol, and best in the following manner. The 
solution of a-dinitrophenol in a small quantity of alcohol is mixed with a saturated 
solution of ammonium hydrosulphide till a thin pulp is formed, and into this pulp 
hydrogen sulphide is passed till the whole has assumed a dark-red colour. The 
crystalline mass, after filtration, pressing, and drying on bricks, is exhausted with 
ether, and the filtrate mixed with acetic acid is again filtered, evaporated, and 
neutralised with strong ammonia. The crystals which separate on cooling are ex- 
hausted in the dry state with ether, and the resulting ethereal extract, which contains 
the a-amidonitrophenol, is mixed with the preceding and left to evaporate. The pro- 
duct may be purified by recrystallisation from boiling water, into which it is intro- 
duced in the state of powder, and is thus obtained in orange-coloured hydrated prisms, 
which melt between 80° and 90° ; the anhydrous compound melts at 142°--143°. 

Penzoyl-a~amidonitrophenol, G®H®(NO-).N'H(COC'^H®).OH, formed by the action of 
benzoyl chloride on the compound just described, may he purified by means of sodium 
carbonate and recrystallised from aniline. It is insoluble in water, dissolves slowly 
and with decomposition in alcohol and in glacial acetic acid, easily in aniline, and 
crystallises in colourless, microscopic, rhombic prisms which melt with decomposition 
above 200°. Mtrohmzoyl-a-amidx>nitrophenol, C®H2(HO-)2.NH(COC®H®).OH, is pro- 
duced on adding the benzoyl-compound to fuming nitric acid diluted with an equal 
volume of ordinary strong nitric acid, or better glacial acetic acid, the mixture being 
kept cool. It crystallises from glacial acetic acid in pale-green prisms melting at 
218°-219°, dissolves sparingly in that liquid, in still smaller quantity in alcohol, and 
not at all in water. Together with this compound there is formed a secondary pro- 
duct which deliquesces in glacial acetic acid. 

Amidodinitrophenoli 0®H^(NH2)(NO^)2OH, is formed, together with benzoic 
acid, on heating the benzoyl-derivative just described with hydrochloric acid in a sealed 
tube at 130°, and may he obtained pure by filtering the product, the benzoic acid then 
remaining behind ; evaporating the filtrate ; dissolving the residue in alcohol ; precipi- 
tating with water ; repeating the solution and precipitation several times ; and finally 
crystallising from alcohol. The compound is thus obtained in broad, thick, dark-red 
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crystals, melting at 169°- 170°, sparingly soluble in ether and in chloroform, easily in 
warm benzene, glacial acetic acid, water, and strong hydrochloric acid ; deliquescing in 
aniline. Prom solution in chloroform it separates in monoclinic prisms. From its 
properties and its reaction with nitrous acid, it appears to be identical with the 
picramic or nitrophenamic acid which Laurent a. Gerhardt obtained by the action of 
ammonium sulphide on dinitrophenol (iv. 406). 

^-Amidoniiro^Jienol, [OH ; NH^ : NO^— 1 : 2 : 6], is prepared, lihe the 
a-compound, from jS-dinitrophenol, and purified by dissolYing the crude product in 
alcohol, adding twice the volume of water, and repeating this treatment on the result- 
ing precipitate, till the water which runs away remains clear. It forms red needles, 
melting at 110°--11]°, dissolving very easily in glacial acetic acid, benzene, ether, and 
chloroform, easily in alcohol, with moderate facility in boiling water, and with great 
difficulty in cold water. The sulphate, (C®H®.NH2N0^.0H)2H2S0S obtained by heat- 
ing the base with dilute sulphuric acid and precipitating with alcohol, forms colourless 
laminae, gradually decomposed by water and by alcohol (Stuckenberg). 

BromonitropHenols. The crystalline form of parabromorthonitrophenol, 
[1:2:4] (vi. 915), has been determined by Arzruni {Zeitschr ./. Kryst i. 436). It 
forms sulphnr-yellow monoclinic prisms having the axial ratio a : 5 : c=2’941 : 1 : 
1’6249 ; ^ = 64° 2'. Combination copoo . ooP . OP . — Poo . +Pco, with -^P and 
+ ^P mostly small. The crystals are tabular in the direction of the orthopinacoid. 
Observed angles, ooP : ooPoo =69° 17'; coPoo : OP — 64° 2'’; ooPoo ; —Poo = 
42° 14'. Cleavage imperfect, parallel to 4-Pco. The plane of the optic axes coin- 
cides with the plane of symmetry ; the first median line is inclined at about 106° to 
the axis c in the obtuse angle j8. Both axes are indistinctly visible in oil in a natural 
plate having its faces parallel to ocPco . 

Dzhromonitrophenol^ [OH : : Br : Br=l : 2 : 4 : 6], (p. 915). This com- 

pound crystallises in sulphur-yellow monoclinic prisms melting at 117‘5°, all : g = 
0*5151 : 1 : 0*5912 ; i8 = 65'^ 23'. Faces c»P2, rarely with oop, OP, Poo, and in a 
few crystals also +P and +2P2. Observed angles, c»fe2 : oop2 = 86° 15'; ooP2 : OP 
= 72° 18'; OP : poo =28° 15' SO". Cleavage uneven, parallel to oopoo and OP. The 
plane of the optic axes is perpendicular to the plane of. symmetry, and nearly per- 
pendicular to the principal axis. The first median line lies in the plane of symmetry, 
and is very nearly normal to <»Poo . Apparent angle of axes 70° to 73° for different 
colours. Dispersion of axes p < v (Arzruni, loo, cit.) 

Bro7mdinitroyhenol,O^W^rQAO"YO'K,\(yS. : NO- : Br : NO^= 1 : 2 : 4 : 6], forma 
yellow monoclinic crystals melting at 85*6°. a I hi c= 2*7947 : 1 : 1*7783; i8 = 
67° 53'. Observed forms Poo , ooPoo —Poo , -f Pco . Measured angles, P co : P oc = 
62° 31'; Poo: coPc»=78° 44' — Poo : coPoo =42° 27'. The plane of the optic 
axes coincides with the plane of symmetry; both axes pe visible through —Poo. 
The first median line is inclined at about 57J° to the axis e in the obtuse angle 
2E = 100° nearly (Arzruni). 

BroTTiiodonitroyhenol, [OH : NO- : Br : 1=1 : 2 : 4 : 6], forms monoehnic crystals 
having 'the axes a lb I c= 0*5198 : 1 : 0*5871 ; i8=65° 32'. The crystals are dark 
brown -yellow, melt at 102°, are thickly tabular in the direction of the base, and 
exhibit, together with the base, which is mostly much rounded, the faces ooPcx) , Poo , 
00 P, and ooP2. Observed angles, ooPoo : ooP2 = 46° 35'; oopoo : Poo =61° 53' ; 
Poo : ooP = 57° 42'. Cleavage imperfect, parallel to OP. The plane of the optic 
axes is perpendicular to the plane of symmetry ; the axis h is the first median line 
(P. Groth, Zeitschr. f. Kryst. i. 437). 

ZTitrosoplieiiol, C®H^(NO)OH [1 .* 4]. This compound, discovered by Baeyer a. 
Caro (vii. 911), has been ftirther examined by E. ter Meer {Ber. viii. 622) and by 
C. Jaeger (ibid. 894). The former prepares it by adding nitrosodimethylaniline to 
boiling dilute soda-ley, cooling the solution quickly, neutralising it with dilute 
sulphuric acid, and exhausting with ether. The ether is then agitated with dilute 
ammonia not in excess ; the brown ammoniacal solution is saturated with carbonic 
acid, and shaken with animal charcoal till a filtered sample is precipitated white by 
an acid ; the red-brown filtrate is poured into ice-cold dilute sulphuric acid ; and the 
white or slightly yellowish-green precipitate is drained and dissolved in ether. From 
the deeply coloured solution thus obtained, the nitrosophenol crystallises, as the ether 
evaporates, in concentric groups of large laminse, having a faint brownish-green tinge, 
the yield being equal to 35 to 40 per cent, of the theoretical quantity. 

Pure nitrosophenol separates from the hot saturated light green aqueous solution 
OH rapid cooling in small nearly colourless needles; on slow cooling in dendritic 
groups of laminse having a brownish-green colour. The solution when boiled turns 
brown, and yields the brown crystals described by Baeyer a. Caro. Nitrosophenol 
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■wten ptire may be kept without alteration, but when impure it decomposes quickly, 
turning brown and afterwards black. Ether, acetone, and alcohol dissolve it readily 
with light green colour. It dissolves less easily in glacial acetic acid, and still less in 
hydrocarbons. Aqueous alkalis and alkaline earths dissolve it readily with light- 
brown colour. Acids precipitate it from its solutions as a white amorphous substance. 

Sodium-iiiirosophenol, C‘’H-‘(NO)ONa + 2H-0, is obtained by adding 1 pt.of sodium 
dissolved in alcohol to a cold ethereal solution of 7 pts. nitrosophenol, washing the 
minium-colourecl amorphous jirecipitate with ether, and drying it in a vacuum. Erom 
alcohol and acetone it ciystallises in short red needles. Water dissolves it very easily 
with red colour ; the alcoholic solution is red-brown in thick layers, yellow-green in 
thin layers ; the solution in acetone is hlue-green. It does not dissolve in ether or in 
hydrocarbons. When exposed to the air in contact with ether, it becomes dark-red 
and crystalline on the surface. It is permanent in the dry state at ordinary tempera- 
tures, but detonates when heated. Its solutions are not decomposed by boiling, but 
on adding an acid (not carbonic acid), nitrosophenol separates out. JPotassium-nitroso-- 
phenol is obtained by precipitation as an amorphous substance^ becoming red and 
crystalline when moist. From alcohol or acetone it crystallises in thin blue-green tab- 
lets, sometimes also in red crystals.' Anummium-nitrosophenol is a green unstable salt. 
Bariwn-nitfosopheJiol, [C®H^(NO)OpBa, is prepared by adding a concentrated solution 
of iO pts. barium hydrate to an alcoholic solution of 8 pts. nitrosophenol, precipitating 
with ether, mixing the saline solution which separates with alcohol, and again pre- 
cipitating with ether. By a repetition of this treatment, a red crystalline precipitate is 
obtained, which, when dried at 100°, has the composition above given. It is easily 
. soluble in water, and crystallises therefrom in large red needles. Silver-nitrosophenol, 
C®H‘‘(N0)0Ag.H20, is formed on adding an aqueous solution of 1 pt. silver nitrate to 
a solution of 1 pt. of the sodium salt in 600 pts, of hot water, and separates after a 
short time in blackish-violet crystals having a green reflex and appearing red by 
transmitted light under the microscope. The other metallic salts of nitrosophenol 
may be obtained in like manner as amorphous or crystalline dark-coloured precipitates. 
Ethers have not been obtained ; but the action of methyl iodide on the alkali-salts 
gives rise to well-crystallised products (ter Meer). E. Lex {Ber. iii. 457) observed 
that when an aqueous solution of nitrosophenol is mixed with a nitrite and then 
supersaturated with soda, a dark-brown solution is formed, which by certain reducing 
agents (warming with sugar, aluminium, or zinc) is rendered lighter, and, if then 
exposed to the air or left in contact with a hypochlorite, assumes a deep blue colour. 
According to ter Meer, however, this reaction does not take place with nitrosophenol 
alone, but requires also an excess of phenol ; with pure nitrosophenol only a brown 
colour 4s obtained. 

The following reactions of nitrosophenol have been observed by 0. Jaeger {Ber, 
viii. 894). When nitrous gas is passed into an ethereal solution of nitrosophenol, 
the latter is converted into Weselsky’s diazophenol nitrate (p. 1524), which 
when heated with phthalic anhydride yields quinizarin, while small quantities of the 
three -nitrophenols remain in the mother-liquor. 

When nitrosophenol is treated with strong hydrochloric acid, an energetic reaction 
takes place, and amorphous products are formed, but when a stream of gaseous 
hydrogen chloride is passed into a cooled ethereal solution of nitrosophenol, brownish 
needles separate, consisting of a dichloramidophenol, soluble in acids and in alkalis, 
slightly soluble in water, non-volatile with water-vapour, melting at 175°, not distilling 
without decomposition. Chlorophenol is obtained at the same time by a secondary 
reaction. 

When finely pounded nitrosophenol, cooled with ice, is treated with a solution of 
hydrochloric acid in methyl alcohol, a brownish solution is obtained, which deposits 
fine needles, consisting principally of the hydrochloride of a solid base, which passes 
over, together with a small proportion of a basic oil and chlorophenol, when the 
crystals are distilled with water. This base is methyldichloramidophenol ; it melts at 
71 '5°, separates from dilute alcohol in long needles, and differs from the non-methylated 
base by being volatile with water-vapour, and insoluble in alkalis. 

When the methyl-alcohol used in the above experiment is replaced by ethyl-alcohol, 
an ethylated dichloramidophenol or dichloramidophenetdil is obtained, which separates 
from dilute alcohol in splendid long colourless needles, melting at 46°, distilling at 
275°, and volatilising readily at 100°, or with water-vapour. Its hydrochloride and 
platinum salt form needles, and most of its salts are partially decomposed by water. 

When nitrosophenol is dissolved in excess of strong potash-ley, the solution 
evaporated and heated for some time at 1 80°, the melt dissolved in water, and the 
brown aqueous solution treated with hydrochloric acid, a precipitate is obtained con- 
sisting of azophenol, which may be purified by repeated crystallisation from dilute 
alcohol. It melts at 214°, dissolves readily in adcohol and alkalis, sparingly in other 
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and in hot water, scarcely at all in benzene. Though stable for the most part, it 
cannot he sublimed -without decomposition (Jaeger). 

On the formation of Oxyazobenzene, (vii. 151), and Azophenin, 

by the action of nitrosophenol on aniline acetate, see Azophentn (p. 138). 

Blienol-cartooxylic or Hydroxybenzene-carDoxylic ^acids. 
The phenol-monocarboxyiic acids, C^H^OBQ.COOH, are identical with the three 
hydroxybenzoic acids (pp. 278-287 and 1459-1463). 

Hydroxybenzene - ortbo - dicarboxylicy Hydroxy - ortbo - pUtbalic, or 
simply Hydroxyplitlialic Acid, [OH : CO-H : CO-H - 1 : S : 4]. This acid is 
produced by the following series of reactions : 1. Metacresol, 0®H‘‘(0H)(CH®), heated 
in strongly alkaline solution with carbon tetrachloride, is converted into a salt of 
9?zezf<2“methyl jpcirit-hydroxybenzoic or [1 : 3 : 4] hydroxytoluic acid ; 

C«HX0Ha)(CH3) + CCl^ + 5HaOH = C«H3(ONa)(cl[3)(COOHa) + 4HaCl + SH^O 

2. This sodium salt treated with methyl iodide yields the methylic ether of the corre- 
sponding methoxytoluie acid, C®E^(OOH®)(CH^)(CO-CH^). 3. This acid oxidised with 

2 3 ^4 

potassiumpermanganat8yieldsmethoxy-orthophthalicacidC®H®(OCH'*)(CO-H)(CO^H), 
which crystallises in stellate groups of needles melting at 138°--144° ; and 4. The 
methoxy-acid is converted by heating with hydrochloric acid under pressure, or by 
fusion with potash, into hydroxyorthophthalie acid, C®.OH.H.CO“H.CO-H.H2 (C. 
Schall, Ber. xii. 816). 

The same acid is formed as an ethyl-salt, by the action of nitrous acid on ethyl 
amidophthalate. ' The amido-ether is dissolved in 10 pts. of dilute sulphuric acid 
(1 : 5) ; the solution is clarified with animal charcoal ; a quantity of solution of 
sodium nitrite, not quite sufficient for complete decomposition, is added by small 
portions ; and the mixtrue is heated to 100°, The ethyl hydroxyphthulate then sepa- 
rates as a yello-wish, mobile, uncrystallisable oil which catinou be vobi^ilised without 
decomposition. It may be saponified by boiling with strong potash-ley, and the re- 
sulting solution yields, with normal or basic acetate of lead, a precipitate of lead 
hydroxyplithalate, from which the hydroxyphthalic acid may be separated by hydro- 
gen sulphide, and obtained by extraction with ether and evaporation, as a crystalline 
mass of microscopic plates. For purification, it is converted into the anhydride 
{infra), the solution of which in hot water deposits the acid on cooling in rosettes of 
short spicular crystals (Baeyer, Ber. x. 124, 1079). 

Hydroxyphthalic acid dissolves very easily in hot water and in 32*4 pts. of water 
at 10°. It is very soluble in alcohol and acetone, less so in ether ; dissolves easily in 
glacial acetic acid on heating ; hydrocarbons dissolve only traces of it. At about 
180° it melts and is partially resolved into water and the anhydride. The hydroxy- 
phtbalates of the alkalis and the alkaline earths are very soluble. The ammonium 
salt crystallises well, and its solution forms with lead acetate a white amorphous 
precipitate ; with silver nitrate a white precipitate of the silver salt, C®H^Ag-0^ con- 
sisting of tufts of needles slightly soluble in water. The aqueous solution of the acid 
gives a red colour -mth feme chloride. 

Fuming nitric acid converts hydroxyphthalic acid into a nitro-product ; nitrous 
acid turus it yellow on heating. Dilute sulghurio acid (1 : 2 and 1 : 4) does not alter 
it even after six hours’ heating at 160°-180° ; the strong acid dissolves it -without 
colour at ordinary temperatures, with brown coloration and evolution of gas at 180°. 
When hydroxyphthalic acid is heated with 10 pts. of strong sulphuric acid for four 
hours at 200°, and the resulting solution is mixed -with water, a dingy greenish-yel- 
low precipitate is formed, from which ether extracts at least three substances, viz. : 
1. A yellow sublimable body resembling antbraflavone. 2. A substance resembling 
plienolphtlialidein, and forming, with strong sulphuric acid, a solution which has a 
splendid red colour and exhibits three absorption-bands. 3. A colourless substance 
which melts at 120°, sublimes -without alteration, dissolves in strong sulphuric acid 
without colour, and in melting potash -with yellowish colour. Hydroxyphthalic acid 
in aqueous solution is easily reduced by sodium-amalgam. 

Hydroxyphthalic annjdride, C*^H^O^-C®H®OH(CO)20, is best prepared in 
large quantity by heating the acid at 210° in a retort through which a slow stream 
of dry air is passing. It melts at 165°~166°, sublimes at 200°-210° in feathery 
groups of long needles, and may be distilled in small quantities without decomposition. 
It dissolves slowly in cold water, quickly in hot water, reproducing the acid ; easily 
in methyl alcohol, ethyl alcohol, acetone, and ether, but is nearly insoluble in benzene, 
chloroform, and carbon sulphide. With aniline at 160°-180°, it forms a crystalline 
anilide. 
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'With 'phenols, hydroxyphthalie anhydride forms hydroxyphthale'ins,_com- 
pounds which exactly resemble the corresponding phthaleins, with the exception of 
slight differences of colour, their coloured salts generally exhibiting a more decided 
red colour than those of the phthaleins. This reaction affords a means of distinguishing 
hydroxyphthalie acid from hydroxyiso- and hydroxyterephthalic acids. See Phtha- 
LEbrs. 

2. Hydroxybenzene-^w-dicarboxyllc or Hydroxyisopixthalic Acids. 

Two of these acids, distinguished as a and j8, are known, their constitution being 
represented by the following formulae : 


OH 


/\ 


GOOH 


COOH 


OH 

COOH^\OOOH 




1:2:4 


1 : 2:6 


They are obtained; {a). By fusing the three aldehyde -hydroxybenzoic acids 
C‘*H;3(0H)(C0H)(C00H;), already described (pp. 288, 1463), with potassium hydroxide 
thei8"acidbeingthusproduc6dfromorthoaldehydosalicylicacid,[OH : OOH : COOH = 
1:2:6], and the a>acid either from para-aidehydosalieylic acid, [OH : OOOH : COH = 
1:2:4], or from orthaldehydo-parahydroxybenzoic acid, [OH : COH : COOH = 
1 :”2 : 4] (Tiemann a. Eeimer, Ber, x. 1562). (5). By the action of carbon tetra- 
chloride and a caustic alkali (Eeimer a. Tiemann’s reaction) on salicylate of potassium 
or sodium : 

C«H^(OKa)(COONa) + COP + 5NaOH = C«B:®(0Ha)(C02Ha)2 + 4NaCl + SH^O. 

The solution of the salicylate in an aqueous alkali is mixed with a quantity of alcohol 
sufficient to dissolye nearly the whole of the carbon tetrachloride, and the mixture is 
somewhat strongly heated in' a sealed tube till an abundant separation of potassium 
or sodium chloride takes place. Both the a- and 3-acids are obtained by this process, 
the a -acid being, however, by far the more abundant. The two acids are separated 
by converting them into their barium salts, that of the a-acid being the more soluble 
of the two (Gr. Hasse, Ber, x. 2185). (c). The a-acid is produced — together with 
phenol-tricarboxylic acid and phenol — by heating the disodic salt of salicylic or para- 
hydroxybenzoic acid in a stream of carbon dioxide : 

3CsH^(0Ha)(C02Ha) + CO^ := C^H^OH -f- 2C®H3(0HaXC02Ha)2. 

The same result may also be obtained by heating sodium phenate, or better a mixture 
of the phenates of potassium and sodium, in a stream of carbon dioxide, a salt of 
salicylic acid being first produced, and afterwards converted into the hydroxyiso- 
phthalate. The best result is obtained by using 3 mol. sodium phenate to 1 mol. 
potassium phenate, and passing the gas over the mixture first at 120°- 130°, then for 
some time (two hours with 50 grams of phenol) at 300°-320°. 50 grams of phenol 
yield by this process 10 to 20 grams of pure hydroxy-isophthalic acid (Ost, nr. 
Chem. [2], xiv. 93 ; xv. 301). 

(d) a-Hydroxyisophthalic acid is also produced from 

Parametliylsalicylic acid -i / Orthomethyl-parahydroxylbenzoic acid^ 

C«.OH.C02H.H.CmH2 I and from ] C^OR.CK\B..COm.m 

12 4 ) I 12 4 

by a series of transformations exactly analogous to those just described for the forma- 
tion of hydroxy-orthophthalic acid from metamethyl-parahydroxybenzoic acid. 

a-Hydroxyisophthalic acid, when pure, crystallises in needles, dissolves easily 
in alcohol and ether, and in 5000 pts. of water at 10°. According to Tiemann a. 
Eeimer {Ber. x. 1562), it dissolves in 145 pts. water at 100°, and in 300 pts. of water 
at 24°. It resembles salicylic acid in general appearance ; produces a deep reddish- 
violet coloration with ferric chloride; melts at 270°--280° (Tiemann a. Eeimer); 
above 300° (Schall), and sublimes with partial decomposition. The acid is a bi-basic 
hydroxyacid, and is, therefore, capable of forming three series of salts, normal, acid, 
and so-called basic salts, that is, salts in which the phenolic as well as the carboxylic 
hydrogen is replaced by metals. The normal salts are formed by neutralising the 
acid with carbonates. 


* On the preparation of these and the other acids of the formula C®H’(OHKCH^')fCO=F’i see 
page 1640 j also Tolxjio acids, Hydroxy-. 
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The sodium saltj C®H^(OH)(COONa)®+aq., crystallises in long needles, -which 
retain 2 xnols. of water when dried in the air, and dissolye easily in water. The 
fotassium, ammonium^ hariumi calcium^ zinie, manganese ^ cobalt, nicJcel, and cadmium 
salts are all soluble in water. The sodium salt, when heated to 220°-250°, decom- 
poses in the same manner as normal sodium salicylate, yielding the basic salt, phenol, 
and carbon dioxide : 

30‘^H^(0H)(C00]Sra)2 = 2C®H8(ONa)(COONa)2 + C«H^OH + 200^ 

The normal silver salt, C“H^(OH)(COOAg)-, obtained by precipitating the ammo- 
nium salt with silver nitrate, is amorphous and nearly insoluble m water. The acid 
silver salt, 0^*11^(011)00011. COOAg, is formed by adding to the free acid an excess of 
silver nitrate. It crystallises in needles, which dissolve in water. The basic calcium 

QfiTJaA /COO 

salt, QOO^^) obtained by adding lime-water to a solution of the 

normal salt, is sparingly soluble in water. 

The ethylio ether, C®H^(OH)(COOC“H®)-, obtained by passing hydrogen chloride 
into an alcoholic 'lolution of the acid, distils with steam in snow-white crystals whicl^ 
melt at 52° (Ost). 

i3. Hydroxyisophthalic acid is also produced from orthomethylsalicylic acid, 
12 6 

C®H®.OH.CH^CO"H, by a series of transformations analogous to those described for 
the preceding modidcation (Schall, loc. cit.) It crystallises from water in capillary 
needles, or sometimes in well-defined prisms, having the composition ; 

dissolves in 35 to 40 pts. water at 100°, and in 700 pts. at 24°, easily in alcohol 
and ether, less easily in chloroform. In the air-dried state it melts at 239° ; after 
drying over the water-bath, at 243°-244°. It can only be partially sublimed with- 
cut decomposition. The aqueous and alcoholic solutions exhibit a blue-violet fluor- 
escence which disappears on addition of excess of alkali. The aqueous solution 
gives a cherry-red colour with ferric chloride. The acid reddens litmus, the solution 
turning blue again on addition of a quantity of alkali sufficient to form a normal or 
bi-metallic salt. The potassium, sodium, and ammonium salts are very soluble. The 
characters of the other salts are exhibited in the table on p. 1536, which gives a 
comparative view of the reactions of a- and ^S-hydroxyisophthalic or hydroxybenzene- 
metadicarboxylic acid, also of those of phenol-tricarboxylic or hydroxytrimesic acid 
(Tiemann a. Eeimer, Ber. x. 1562). 

Aldehydo^hydroxyisophthalic acids, or Formyl-hydroxyisophthalio 
a oi tZs 

' = CfiH2(OH)(COOH)(COOH)(COH) 

(Reimer, Ber. xi. 793). Two of these acids, a and j8, are known, and are represented 
by the following formulae : 


OH 

OH 

coh/\oo«h 

oo^h/Xcch 





CO»H 

COH 


They are formed by the action of chloroform in alkaline solution on a- and j8-hydroxy- 
isophthalic acids respectively, the mode of action being similar to that by which the 
aldehydo-hydroxybenzoic acids are formed from salicylic and parahydroxybenzoic 
acids (p. 288). a-Hydroxyisophthalic acid thus treated yields a mixture of aldehydo- 
a-hydroxyisophthalic and para-aldehydosalwylic adds, which may be separated by 
treating the ethereal extract of the crude product with solution of acid sodium 
sulphite, boiling the compound thus formed with sulphuric acid to set free the two 
aldehydo-acids ; then dissolving them in ammonia ; adding sal-ammoniac and mag- 
nesium sulphate ; and leaving the mixture at rest for a day or two. The magnesium 
salt of the aldehydo-a-hy^oxyisophthalic acid is then deposited in crystalline form, 
and the aldehydo-acid separated from it, crystallises from water in felted needles 
which melt with decomposition at 260°. It is vej^ soluble in boiling water, less 
soluble in cold water, easily soluble in alcohol and ether. Its solution is coloured 
blood-red by ferric cliloride. Like the other ortho-aldehydohydroxybenzoic acids, it 
forms colourless neutral solutions and yellow alkaline solutions, both exhibiting a 
green fluorescence. In the neutral solutions, calcium and magnesium salts form no 
precipitates ; barium chloride, a crystalline precipitate after some -time from cold 
solutions, more quickly on warming ; ferric chloride, a dark-red coloration, tand a floccu- 
lent precipitate on warming ; silver nitrate, a gelatinous precipitate which when dried 
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sulphuric acid has the composition C®H‘‘Ag^O® + H^O, and gives off its yater at 
100®. The solution of the &ee acid gives with silver nitrate a crystalline acid silver 
salt easily soluble in hot water. Thovbasic or trimetallic salts, except those of the 
alhali-metals, are for the most part sparingly soluble. The basic cupric salt, like 
that of ortho-aldehydo-saiicyiic acid, dissolves, when recently precipitated, in excess 
of ammonia, but is reprecipitated on heating, and is then nearly insoluble in ammonia. 

12 4 6 

AldeliT/do-^-hydrowyisopMJialie acid, C®. OH.COOH.H.COH.H.COOH, is the only 
product of the action of chloroform and alkalis on j8-hydrosyisophthalic acid. It 
crystallises in tufts of long slender needles which melt, with decomposition, at 237°- 
238®. When dried at 100® it contains aS-O. In crystalline form, melting point, 
solubility, reaction with ferric chloride; and fluorescence, it closely resembles ;3-hydroxy- 
isophthaiic acid. From solution in sulphuric acid, it is precipitated by water in the 
form^ of a crystalline pulp (d-hydroxyisophthalic acid is not thus precipitated). Its 
alkaline solutions are colourless. Amongst its normal (bi-metallic) salts, those of 
calcium and magnesium are easily soluble, that of barium is sparingly soluble in 
water. The normal silver salt is moderately soluble in hot water, f!,nd crystallises on 
'cooling; its ammoniacal solution does not blacken when heatei The neutralised 
solution of the acid is coloured dark-red by ferric chloride. The solution of the free 
acid is not precipitated by silver nitrate. Its ammoniacal solution gives a precipitate 
with barium chloride, none with calcium chloride or magnesium sulphate. Cupric 
siflphate added to the slightly ammoniacal solution, forms a green precipitate, which 
dissolves easily in ammonia. 

The aldehydo-hydroxyisophthalic acids cannot be oxidised by fusion with potash, 
as they are decomposed thereby, with separation of carbon dioxide. When oxidised 
by potassium permanganate in cold alkaline solution, they both yield a small quantity 
of pbenol-tricarboxylic or hydroxytrimesie acid, identical with that which Ost ob- 
tained, together with the two phenol-di carboxylic acids, by heating disodic salicylate 
in a stream of carbon dioxide (p. 1532). 

3. Kydro3:yt>euz6ue«y)-dicarboxylic or Hydroxyterephthalic ilcid, is 

obtained : (a)^ By dissolving crystallised amidoterephtbalic acid in soda-ley, acidify- 
ing the solution with sulphuric acid, adding the requisite quantity of potassium 
nitrite in aqueous solution, and boiling. It forms a white powder easily soluble in 
methyl and ethyl alcohols, sparingly in water ; melts above 300®, and sublimes with 
partial decomposition at a higher temperature. Mixed with sand and subjected to 
dry distillation, it is resolved into carbon dioxide and phenol, and by prolonged heat- 
ing with hydrochloric acid at 120® into carbon dioxide and metabydroxybenzoic 
acid. Its aqueous solution gives with ferric chloride a deep violet-red coloration, 
resembling that produced by salicylic acid. (5) From meta-methylsalicylie acid, 

C°H®(OH)(OO^H)(CH®), or from ortho-methyl-meta-bydroxybenzoic acid, 

C®H®(OH)(OH^)(CO“H), by a series of processes analogous to those employed in the 
preceding cases (Sehall). 

The silver sdt, C®H^.(OH).(COOAg)‘‘^, is white and insoluble in water. Th^harium 
salt, OH.(COO)”Ba + Aq., crystallises from water in white laminae. 

dimethyl hydroocytereyJithalate, C°H\OH)(COOCH^)-, obtained by passing hydrogen 
chloride into a solution of the acid in methyl alcohol, crystallises from methyl alcohol 
in beautiful silky needles, which melt at 94®. It dissolves in hot water, and easily in 
aqueous alkalis, alcohol, and ether. The solution in ammonia gives preemitates with 
salts of the heavy metals. 

Dwiethyl acetoa^yterephthalate, obtained by heating the dimethyl- 

ether to 100® with excess of acetyl chloride in sealed tubes, crystallises from alcohol 
in white, cauiiflower-iike masses, melting at 76®. It is insoluble in soda-ley fO A. 
Burkbardt, Ber. x. 144). 

BimtTQ-Tiyd.roxytere^U'hcdie add, C6H(N02)2(0H)(C00H)3, is obtained by treating 
hydroxy terephthalic acid with a mixture of fuming nitric and Nordhausen sulphuric 
acids, and crystallises from cold water in fine golden-yellow transparent crystals, dis- 
solving easily in_ cold water, and melting at 178®. No isomeric acid is formed. The 
dinitro-aeid and its salts are explosive. 

The add silver salt, C®H(NO®)20H(COOH)COOAg, formed on mixing concentrated 
solutions of the acid and of silver nitrate, is a yellow crystalline powder, moderately 
soluble in water. The normal silver snZzf, a«H(NO2)20H(CO0Ag)2, is obtained by 
triturating a concentrated solution of the acid with moist silver oxide, and evaporat- 
ing the filtrate over sulphuric acid. It forms blood-red prismatic crystals, very easily 
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soluble in -water ; crystallises from aqueous solution with 2 mols. of water. The add 
lead salt, 0«H(N02f OH(OOOH)COOpb (p^ = lOS’o), formed on adding neutral lead 
acetate to a solution of the acid, is a yellow crystalline powder, sparingly soluble in 
water. The neutral calcium salt, C®H(NO-)-OH(COO)”Ca, formed by boiling a solution 
of the acid with calcium carbonate, is yellow and crystalline, and dissolves sparingly 
in water (Burkhardt, Ber. s. 1273). 

Phenol-tricarboxylic iLcid, C'^H®0^ = C®H-(0B[)(C00H)^ (Ost, Chem. 

[2], xiv. 93 ; xv. 301). This acid is formed, together with a-hydroxybenzene-m-diear- 
boxylic or a-hydroxyisophthalic acid, by heating disodic salicylate in a stream of car- 
bon dioxide at a temperature above 300°. It is not however necessary to make use 
of ready-prepared sodium salicylate ; a better mode of proceeding is to start from 
sodium phenate, the process being hrst conducted in the manner already described 
for the preparation of salicylic acid (vii. 1 065), and the temperature being afterwards 
raised to 370°-380°. The reaction takes place by two stages, as represented by the 
following equations: 

2Cfij5:=0]Sra + C02 = C^H^OH + C®(ONa)COONa 
Phenate. Salicylate. 

20®H4(ONa)COOi^ra + CO® = CSH^OH + C®H2(ONa.)(COOKa)®. 

Salicylate. Phenol-tricarboxylate. 

The yield amounts to nearly the theoretical quantity, viz. three-fourths of the phenol 
employed. 

Bhenoltnearloxylic acid crystallises from alcohol in needles, and from water in 
prisms containing 1 mol. or needles containing 2 mols. of water. It dissolves freely 
in alcohol, sparingly in ether, and in 200 pts. of water at 10®. It produces a deep 
red coloration with ferric chloride. When heated it undergoes complete decompo- 
sition, yielding chiefly phenoldicarboxylic acid and carbon dioxide, with a little 
salicylic acid and phenol. Being a tribasic acid, and containing the hydroxyl-group of 
phenol, it is capable of forming four series of salts. The normal salts of the alkalis 
are crystallisable and easily soluble in -water. All the other salts are either insoluble 
or but sparingly soluble. 

normal barium salt, [C°H®(OH)(COO)®]®Ba^-l- 8H®0, and the corresponding 
caldum salt, obtained by double decomposition, are very sparingly soluble in water. 

Tht normal silver saZzf, C®H2(OB:)(COOAg)3 -f SH^O, is a crystalline precipitate. 

The di-aoid calcium salt, [C«H2(0H)(000H)®C00]®Ca-}-6H20, and the corre- 
sponding barium salt, are formed by mixing solutions of the free acid with calcium or 
barium chloride ; they are crystalline and soluble in water. The other acid phenol- 
tricarboxylates are likewise soluble in hot water, and crystallise on cooling, the potas- 
sium and ammonium salts in slender needles. 

Ethyl fhenoltricarhoxylate, C®E®(0H)(C000®H5)^ is readily formed by passing 
hydrogen chloride into an alcoholic solution of the acid. It crystallises from a hot 
alcoholic solution in long colourless prisms, which melt at 84°, and sublime with 
partial decomposition at a higher temperature. When boiled with aqueous soda it is 
slowly decomposed, yielding phenoltricarboxylic acid, but when it is digested with 
soda in the cold, the hydrogen of the hydroxyl-group is replaced by sodium, whereby 
the following compound is formed, 

EthyUodium phenoltrioarboxylate, C«H2(ONa)(COOC2H^)^— This body is best 
obtained by dissolving the foregoing ether in absolute alcohol and adding alcoholic 
soda, whereupon it crystallises in large oblique prisms. It is insoluble in water, cold 
alcohol, and ether. When boiled with water for some time, it gradually dissolves, 
forming a solution which on cooling deposits needles of sodium diethyljphenoltricarb' 
oxylak, C®H®(OH)(OOOC®E[^)®COONa, which crystallises from alcohol with 1 mol. of 
water. Its aqueous solution, which is neutral, gives precipitates with salts of barium, 
silver, and other metals. 

jDiethylphenoltricarboxylic acid, C''H2(OH)(COOC2B:5)2COpH, is precipitated on 
saturating an aqueous solution of the foregoing salt with hydrogen chlorid^. It 
crystallises from alcohol in long needles containing 1 mol. of water. The anhydrous 
substance melts at 118°. 

Phenoltricarboxylic acid heated in a reflux apparatus for several hours with 
4 mols. phosphorus pentachloride, is converted into chlorotrimesic acid, 
C®H®Cl(COOH)®, which when reduced with zinc and a dilute acid, or better with 
sodium-amalgam’, is converted into trimesie acid, C®H®(COOH)®, [1:3:5]: hence 
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xt follows that phenol tricarboxylic acid has the constitution of hydroxy-trimesic 
acid, C«.C02H.0H.C02H.H.00-H.H. 

The table on page 1536 exhibits a comparative view of the reactions of the two 
phenol-meta-dicarboxylic acids and of phenoltricarboxylic acid with various saline 
solutions. 

Plieno l-dlazobenzene, = and PbenoX- 

didiazo benzene, These compounds, discovered 

by Griess, were originally produced by the action of barium carbonate on a cold aqueous 
solution of diazobenzene nitrate (see iv. 433, where they are designated as phenates 
of azophenylamine and diazophenylamine respectively). 

Phenol-diazobenzene, is also produced by fusing azobenzene- 

sulphonic acid, C'^H®]Sf".SO®H, with potash (Griess, Lieh. Ann. cliv. 208), and by the 
action of diazobenzene nitrate on an aqueous solution of potassium phenate, where- 
upon it separates as a resin which soon becomes crystalline (Kekule a. Hidegh, Ber. 
iii. 233). Treated with alcoholic ammonium sulphide, it is converted into a base, 
probably (Griess). On heating it at 100° with phosphorus pentachloride, 

hydrochloric acid is evolved, and a crystalline body is formed, probably hydroxy^ 

azoxyhenzene^ 0\ I , which separates from alcohol in long orange-yellow 

needles (KekuU a. Hidegh). 

Phenol-didiazobenzene, C'^H' WO = is formed on mixing 

a solution of phenol-diazobenzene in potash with an aqueous solution of diazo- 
benzene nitrate, and separates as a brown-red precipitate easily purified by 
crystallisation from alcohol. Its formation is represented by the equation 
C12 HioN20 + C«HW=C>sH^WO (Griess, Ber. ix. 637). 

jSr=:N.C«H^O«H^OH 

An isomeric compound, perhaps | , is formed by the action of 

Nz3N.C«H« 

potassium phenate on diazo-diamidobenzene. When treated with nascent hydrogen 
it yields aniline, paradiamidobenzene, and paramidophenol (Caro a. Schraube, Chetn. 
CentT. 1878, 658). 

Phenol-diazobenzo-diazotoluene, is formed in like manner when 

an alkaline solution of phenoldiazobenzene is mixed in molecular proportion with 
diazotoluene nitrate (from paratoluidine). By recrystallisation from hot alcohol, 
with addition of animal charcoal, it is obtained in small brownish-yellow nodules 
melting at 110°. It agrees closely in its properties with phenol-didiazobenzene 
(Griess, Ber. loo. cit.) 

Phenol-elucoside, Ci2HiW-C®H«(O0«H®)(OH)^CHO (A. Michael, Compt. 
rend. Ixxxix. 355). This compound is formed, together with ethyl acetate, on mixing 
the alcoholic solutions of potassium phenate and acetochlorhydrose (p. 12), whereupon 
potassium chloride separates out, and on leaving the filtrate to evaporate, phenol- 
glucoside is deposited in long silky needles : 

C5H«ci(0C2H30)bCHo + e:oc«h® + 402H»0H - KCi + 

+ C^H«(OC«H0(OH)^CHO. 

Phenol-glucoside melts at 171°-172°, dissolves in water forming a dextrogyrate 
solution, and when boiled with aqueous potash or with dilute sulphuric or hydrochloric 
acid, is resolved into glucose and phenol : -i- H^O = + C®H®0. 

Orthoformyl-phenol-glucoside, — C®H®(OC®H‘*.CHO)(OB[)bCHO, produced 

in like manner by the action of acetochlorhydrose on potassium salicylite, forms 
white needle-shaped crystals, which melt at 175° and decompose at a higher tem- 
perature. 

The action of acetochlorhydrose on sodium-saligenin appears to give rise to the 
glucoside of saliretin. 

Plietiolg'lycollic or Plieuoxyacetic A. cf 6., = 

OH2(OC®J0[®).COOH. Heintz obtained acid this (ii. 918) by heating monochloracetic 
acid with sodium-phenol at 150° : 

CH^CLCOOH + NaOCfiH^ = NaCl + OB.\OCm^).COOB.. 

A more advantageous mode of preparation is to melt together equivalent quantities of 
Yot,. YIII, 5 G 
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phenol and chloraeetie acid on the water-bath, and add soda-ley (sp. gr. 1-3), slowly 
and with continual stirring, in quantity equal to about four times that of the phenol : 

C«H=OH + OH^ClGOONa = HC51 + 0«H^O.CH2.COONa. 

The reaction is soon completed, and the liquid on cooling solidifies to a crystalline 
mass of sodium phenol-glycoUate which, when decomposed with hydrochloric acid, 
yields the free acid (Giaeosa, J.'pr, Chem. [2], xix. 396). 

In like manner pyrogallol (1 mol.) reacts with sodium chloracetate (3 mol.) to 
form the sodium salt, G‘’H®(OCH-.COONa)3, which, when decomposed by dilute hydro- 
chloric acid, yields pyrogallol-glycollic acid: 

G^B.\OKY + 3(CH2Cl.COO]Sra) = SHGl + C«H»(OCH2.COONa)». 

Pyrogallol-glycollic acid crystallises from aqueous solution in long colourless needles 
melting at 198°. The normal potassium salt is precipitated by alcohol from its aqueous 
solution in white needles, and on adding acetic acid to this solution a slightly soluble 
monopotassic salt, + is precipitated (Giacosa), ^ 

Plxenol-lactlc or Plienoxypropionic Acid, = 

CH®.CH(OC®H^).COOH, formed by the action of sodium-phenate on a-chloropropionie 
acid, crystallises from hot water in shining needles, which melt at 112°~113°. On 
adding bromine-water to its hot aqueous solution, bromophenol-lactic acid, probably 
CH®.OH(OG®H'‘Br).COOH, is produced (Saarbach, J. pr. Chem. [2], xix. 175). 

P li e n o 1-p h tbL al e ii n. See Phthaleins. 

PhLenolpliosphexiylic Acid, C‘^H®PO(OH)O.C®H^ is formed by the 
action of boiling water on the chloride, C®H®(P0)010, produced, together with phenyl 
phosphenylate, by the action of phosphorus oxychloride on phenol. This acid forms 
long capillary needles melting at 57°, slightly soluble in water, easily in alcohol, 
ether, benzene, and alkalis. Its ammonium salt forms colourless needles ; the silver 
salt, needles having a silky lustre (Michaelis a. Kammerer, Ber. viii. 48). 

Pbenol-sulpluozilc Acids, G^H-^OH.SO^H. The oneta-s^ddi, [OH : SO®H~ 
1 : 3], hitherto but little known, has lately been studied by Barth a. Senhofer (Ber. 
ix. 969), who prepare it as follows : Benzene-metadisulphonic acid dissolved in the 
smallest possible quantity of water, is heated at 170°-i80° with two or three times 
its weight of potassium hydrate in a silver basin. The solution gradually becomes 
more and more concentrated until it acquires a thick pulpy consistence, at which 
stage the heating must be stopped. The product is then dissolved in water, neutra- 
lised with sulphuric acid, and evaporated, and the residue is exhausted with absolute 
alcohol, which takes up potassium phenolmetasulphonate, leaving potassium sulphate 
iindissolved. The alcoholic solution, when evaporated, deposits crystals of the potas- 
sium salt, from which the free acid is obtained by adding to it the necessary quan- 
tity of sulphuric acid and a little water, evaporating to a syrnp, agitating this with a 
mixture of alcohol and ether, filtering from potassium sulphate, and distilling with 
water. The acid thus obtained in aqueous solution is purified by converting it into 
lead-salt, decomposing the latter with hydrogen sulphide, and evaporating the liquid 
to a syrup, which gradually deposits the acid in delicate needles. The crystals dried 
in a vacuum contain 2 mols. of water: at 100°-112° they retain J mol., which is ex 
pelled at 140° The acid gives a violet coloration with ferric chloride. 

The potassium salt, C®n‘‘(H0)S0T'C.H“0, crystallises in a mass of small needles, 
which melt at 200°~-210°, and effloresce in the air. A basic potassium salt, obtained 
by dissolving the normal salt and the necessary quantity of potash in alcohol, 
crystallises in silky needles. The barium salt, (C®HtHO.SO^)2Ba, forms laminae very 
easily soluble in water. The copper salt, (G®H^HO.SO^)“Cu + 6H^O, crystallises in 
large bright-green rhombic tables, very freely soluble in water. The dried salt is 
extremely hygroscopic, taking up water from calcium chloride. The lead salt, 
(C®H'^.HO.SO^)‘‘^Pb + 3H^O, forms colourless quadratic tables. The silver salt crystal- 
lises in delicate needles, which dissolve easily in water. The ammonium salt crys- 
tallises from strong solutions in slender needles, and from dilute solutions in tables : 
it is freely soluble in water. The sodium salt crystallises with 1 mol. of water in 
large rhombic tables. 

Potassium phenolmetasulphonate, heated to 250° rvith potash, exchanges the 
group SO^H for HO, yielding resorcinol free from quinol or catechol. This behaviour 
of the meta-acid distinguishes it from the isomeric acids, neither of which yields 
resorcinol when similarly treated. 

The- following table exhibits the differences characteristic of some of the salts of 
the three phenol sulphonic acids : 
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Salt 

Ortlio-acid 

Meta-acid 

Para-acid 

K 

Melts at 240°. Crystal- 
lises in long flat needles, 
with 2 mols. water. 

Melts at 200°. Crystal- 
lises in masses of con- 
fused microscopic 

needles with 1 mol. 
water. 

Does not melt at 260°. 
Crystallises in anhy- 
drous hexagonal tables. 

Ba 

Indistinctly crystalline 
masses with 2 mols. 
water. Very soluble 
in water. 

Small laminae, composed 
of microscopic needles, 
containing | mol. 
water. 

Long silky matted nee- 
dles, containing 3 mols. 
water. 

Pb 

Indistinct tables, with 

1 mol. water. Dis- 
solves with great diffi- 
culty in w3ter. 

Crystallises in large 
rhombic tables, con- 
taining 3 mols. water. 

Long needles grouped in 
nodules. Contains 2 
mols. water. 

Cu 

Pale-blue prisms. 

Large thin bright green 
rhombic tables, con- 
taining 6 mols water. 

Thick blue plates, resem- 
bling cupric sulphate. 
Contains 1 0 mols. water. 

Na * 

1 

Indistinctly crystalline 
masses, containing 1 J 
mol. water. 

Plat needles, or large 
rhombic tables, with 

1 mol. water. 

Prismatic crystals, con- 
taining 2 mols. water. 


JPhenoljparasiilpJioniG aoid oxidised with maDganese dioxide and sulphuric acid ‘ 
yields a large quantity of quinone ; the meta-acid yields none (Schrader, Ber, 
viii. 759), 

Conversion of Bheoiol-orthosulphonio acid into the Bara-modification. — The ortho- 
acid, in presence of water, is resolved at comparatively low temperatures into phenol 
and sulphuric acid : 

Om\OB)(BOm) + HOH = Cm^OR + S02(0H)2, 

the sulphuric acid then acting further on the phenol, and producing a mixture of the 
ortho- and para-acids, provided the temperature of decomposition of the ortho-acid has 
not been exceeded. 

The ortho-acid is not the sole product of the action of sulphuric acid on phenol at 
low temperatures, considerable quantities of the para-acid being always formed, even 
at 0°. 

When the potassium salt of phenol-orthosulphonic acid is heated with excess of 
sulphuric acid in sealed tubes, there separates after a time a redd-ish-brown oily layer 
of phenol, which, when the tube is more strongly heated, disappears either partially 
or entirely, according to the strength of the solution, and forms a dark-red liquid, 
doubtless containing free sulphuric and phenolparasulphonic acids. When a concen 
trated aqueous solution of the same salt is heated with a quantity of sulphuric acid 
insufficient for complete decomposition, the separation of phenol takes place much 
more slowly. It seems probable that the conversion of ortho- into para-acid would 
not take place in the absence of sulphuric acid (Post, Ber. viii. 1547). 

The crystalline form of potassium parasulphonate has been examined by C. Bode- 
wig. The crystals are orthorhombic, having the axial ratio « : b : c = 0*8790 : 1 : 1*0017. 
Observed faces P, ooP, cof co. The crystals are tabular according to co!^co, and 
have no distinct cleavage. Angle, oo P : oo P = 82° ; P : oo P = 33° 8'. The plane 

of the optic axes is OP ; the axis b is the first median line. Double refraction positive. 

1 3 4 

Bihydroxyhenzene-sul^pJionic acid, C^.SO^H.H.OH.OH.H^. — The potassium 
salt of this acid is formed by the action of melting potash on that of the corresponding 
phenol-disulphonic acid, (vi. 926); and on decomposing it 

with hydrochloric acid, and leaving the solution to evaporate, dihydroxybenzene-sul- 
phonic acid is obtained in needle-shaped crystals. The aqueous solutions of this acid 
have a strong acid reaction, and give with ferric chloride an intense green coloration, 
which becomes successively blue, violet, and red on the addition of sodium carbonate. 
These colour-reactions are similar to those obtained with protocateehuic acid (p. 289), 
to which, in fact, the sulplionic is analogonsin constitution, containing SO^H in place 
of CO“H. Lead acetate gives no precipitate with the aqueous solutions of the acid 
or its salts, but basic lead acetate gives a white precipitate. 

The fotasskm salt, C“H^(OH)“.SO®K, is easily soluble in water, and sparingly iu 

5 G 2 
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absolute alcohol. The &o6iium salt, C®H\OH)2.SO% + H^O, crystallises in colourless 
prisms. The harkm salt, [C^H^OHp.SO^j^Ba, is easily soluble in water, and crys- 
tallises from alcohol in needles united in concentric masses. The acid fused with 
potash yields catechol or orthodihydroxybenzene. 

Sulj^hoxybenasene-plienols. This name was given by Oriess {Ber. xi. 2191) 
to a series of compounds obtained by the action of alkaline solutions of phenols and 
their derivatives on the diazobenzeuesulphonic acids and other diazo-compounds. See 
StopHOKic Acins. 

PKElQ'OXiS HOMOXiOGtTSS OP. I. Cresols. 1. The isomeric cresols, 
C®E'‘(CH®)(OH), and several of their derivatives have already been described in vol. 
vii. pp. 931-934, and this volume, pp. 581-584. 

Conversion of Cresols into Hydroxytohiic Acids and Aldehydes. — The three isomeric 
cresols, treated in strongly alkaline solution with carbon tetrachloride, are converted 
into hydroxytoluic acids, C®II*(OH)(CH®).CO^H, viz. homosalicylic and homo- 
parahydroxybenzoic acids, according to the equation : ^ 

C«H-*(CH»)(ONa) -h COP -i- 5NaHO - 4NaCl + SH^O + C‘’H‘XCH")(0Na)(C02Ea). 

By this reaction ori^o-cresol gives orthohomosalicylic and orthohomoparahydroxy- 
benzoic acids, [OH : CH^ ; 002H=1 : 2 : 6 and 1:2:4 respectively] ; meta-cxesol 
gives metahomosalicylic and metahomoparahydroxybenzoie acids, [OH : CH^ : CO^H — 
1:3:6 and 1:3:4], together with another acid, probably parahomohydroxyiso- 
phthalic acid, and y?am-cresol gives only parahomosalicylic acid, [OH : CH^ : 00“H = 
1 : 4 : 6] (C. Schall, Ber. xii. 816). See Tolxiic Acms (Hydeoxy-). 

The corresponding hydroxytoluic aldehydes, C®H‘’(OH)(CH®).COH, are 
obtained in like manner by treating the three cresols in alkaline solution with 
chloroform : 

0«HXCH3)(0H) + CHOP + 4NaHO = SKaCl + SH^O 4* C«H«(CH«)(ONa).COH 

(Tiemann a. Schotten, Ber, xi. 767). See Tolttic Aldehydes. 

Tetrahromoparaoresol, C’H‘‘Br*0. — ^When bromine- water is added to an aqueous 
solution of pure paracresol until a permanent colour is obtained, a cloudiness is first 
produced, and in a short time crystalline plates of tetrabromoparacresol are deposited, 
which, after rapid filtering and drying over sulphuric acid, melt at 109®. This sub- 
stance, on keeping, gradually undergoes decomposition. The yield of the bromophenol 
is always less than the calculated quantity. 

If the precipitate be left over night in contact with the bromine-water, it is partly 
converted, with evolution of carbon dioxide, into tribromophenol (m. p. 91°), whereby 
the proportion of bromine in it is lowered by about 2 per cent. ; this change taking 
place more rapidly and completely when the temperature is raised to 30°-40® (Bau- 
mann a. Brieger, Ber. xii. 804). 

Mtrocresols. — See p. 583. 

Cresolsulyhonic acids. — vii. 932 ; viii. 683. 

II. Xylenols, C^H^^O = C®H^(OH)(CH^)® (0. Jacobsen, Ber. xi. 23). Four of 
these compounds are known, and are distinguished by the pre&ces, ortho-', meta-, and 
yam-', according to the xylenes from which they are derived, viz. : 


Ortho-xylenoi 

CH® 

. 1 

CH» 

2 

OH 

4 

a-Meta-xylenol 

. 1 

3 

4 

i8-Meta-xylenol 

. 1 

3 

2 

Para-xylenol 

. 1 

4 

2 


They are prepared by fusing the potassium salts of the corresponding xylenesuiphonic 
acids, 0®H^(CH^)*S0^H, with four times their weight of potassium hydroxide ; acidu- 
lating the melt with hydrochloric acid ; shaking it up with ether ; treating the ethereal 
solution with sodium carbonate, to remove hydroxytoluic acids, which are always 
formed at the same time in small quantity ; drying the product with calcium chloride ; 
removing the ether by evaporation ; and distilling the xylenol which remains behind. 
The yield is very satisfactory, sometimes amounting to more than three-fourths of 
the calculated quantity. 

(1). Orthoxylenol crystallises from water in very long needles, from alcohol of 
8 to 10 per cent, in large rhombic oetohedrons, melts at 61°, and boils at 225° (bar. 
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757 mm.) Its sodium salt, C®H*ONa, is but slightly soluble in cold strong soda-ley, 
and crystallises from the hot solution in very large flattened needles having a silky 
lustre. Tribrom-o-sylenol, C**H®Br30H, crystallises from hot alcohol in woolly masses 
of thin snow-white needles melting at 169°. 

Orthoxylenol forms only one sulphonie acid, the sodium salt of which, 
C*H®(OH)SO^Na, crystallises in very fine long flat anhydrous prisms, or on quicker 
separation, in small laminss, mostly united in large hemispherical groups. The harimn 
salt, (C®H®OHSO®)^Ba, is somewhat sparingly soluble in cold water, and separates on 
cooling from the hot solution, or on slow evaporation, in hard nodular crusts, or 
separate hemispherical nodules consisting of microscopic rhombic laminse. The copper 
salt and the very soluble zinc salt crystallise well. The salts give a violet reaction 
with ferric chloride. 

(2) . a-lMCetaxylenol, [1:3:^, This modification, which forms the principal 
part of the xylenol described by Wurtz, Wroblevsky (vi. 1129), and Lako [Liehifs 
Annalen, c l x x s i i. 30) differs from all the other xylenols in being liquid at ordinary 
temperatures. It is colourless, strongly refractive, has a phenolic odour, does not 
solidify at — 20°, but merely becomes viscid; boils constantly at 211*5° (bar. 766 mm. ; 
mercury-column wholly in the vapour). Sp. gr. 1*0632 at 0°. It mixes in all pro- 
portions with alcohol and ether, but dissolves very sparingly in water. The aqueous 
solution is coloured blue by ferric chloride ; the alcoholic solution green. The sodium 
salt, C®H®ONa, differs from its isomerides in being easily soluble in strong soda* ley. 

Bromo-a-meiaxylenol, C®H®Br(OH), obtained by the action of bromine on the 
solution of the xylenol in acetic acid, is a colourless oily liquid, decomposing when 
distilled. The dihromo- derivative, C^H^Br^OH, separates on dropping water into its 
alcoholic solution in long slender colourless needles melting at 73°. The trihromo- 
derivative, C^H®Br®.OH, crystallises from hot alcohol in long perfectly colourless 
needles, melting at 179°. 

Sulphonie acids . — On agitating a-metaxylenol with an equal volume of ordinary 
sulphuric acid, two sulphonie acids are formed, and crystallise after a while in stellate 
groups of needles. On adding a small quantity of water, one of these acids separates 
in greatest abundance, forming white rhombic laminse. The two acids may, however, 
be more completely separated in the form of barium salts, [C®H®(OH)SO®]2Ba, that 
of the acid which separates in rhombic laminse crystallising out first from the aqueous 
solution in anhydrous rectangular laminae or thicker rectangxilar tablets, which often 
look like irregularly formed cubes. This salt dissolves somewhat sparingly in cold, 
much more readily in hot water. HhQ potassium salt of the same acid, which is not 
very soluble in cold water, crystallises in dendritic groups of colourless anhydrous 
laminse. The sodium salt forms large anhydrous tablets. The harium salt of the 
second sulphonie acid is obtained in microscopic needles by evaporating the mother- 
liquor of the first ; the sodium salt, C’^H'^OH.SO^lSfa -h 4H-0, forms large laminse. 

AoetyUa-metaccylenol, C®H®0(0“H®0), is a colourless liquid having a faint odour 
like that of bergamot-oil, not miscible with water, boiling at 226° (bar. 760 mm.) 

Methyl-aymetaxylenol, C®H®0(CH^), is also a colourless liquid, which does not 
solidify at low temperatures, boils at 192°, and has a very faint odour resembling 
that of the pure hydrocarbons of the benzene series. Treated at low temperatures 
with excess of bromine, it yields a tribromo-derivative, C®H®Br®.OCH®, which dissolves 
rather sparingly in cold, more freely in hot alcohol, and crystallises in large flat 
colourless needles melting at 320°. 

(3) . iS-Metaxylenol, [CH® : OH : OH® = 1:2:3], crystallises from water in 
silky laminse or long fiat needles, melts at 74*5°, and boils at 211°-212°. With 
bromine it forms a trihromo-derivative, which crystallises from alcohol in long light 
yellow needles melting at 175°. With sulphuric acid it forms two sulphonie acids, 
only one of which yields a distinctly crystallised barium salt. 

(4) . Paraxylenol, [OH® : OH : CH^ = 1 : 2 : 4], ci^stallises from dilute alcohol 
in large flat needles, melting at 74*5°, and sublimes a little above its melting point in 
small woolly needles. It boils at 211-5° (bar. 762 mm.), and, like its isomerides, 
volatilises readily with vapour of water. Its aqueous solution is not coloured by 
ferric chloride. The sodium-derivative, C®H®OHa, is very slightly soluble in cold con- 
centrated soda-ley, and separates on cooling from the hot solution in large crystalline 
laminse. 

Monohromo-p-scyleoiol, C®H®Br.OH, obtained by bromination in acetic acid solution, 
precipitation with water, and crystallisation from dilute alcohol, forms a loose colour- 
less mass of long flexible needles melting at 87°. Trihromo-^xylenol, C®H‘^Br^.OH, 
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formed by adding excess of bromine to cooled paraxylenol, crystallises from bot alcohol 
in long needles of deep golden-yellow colour, and melts at 175^. 

Paraxylenol, dissolved in moderately warm sulphuric acid, yields only one s al- 
phonic a" ci d, which separates on addition of water in hydrated laminae. Its barium 
salt, (C^H®OHSO^)^Ba, crystallises in stellate or larger nodular groups of micro- 
scopic anhydrous needles which begin to decompose at 115°. The sodium salt, 
C*H®OH.SO%a-i- 5H“0, crystallises in large very fine rhombic tablets, having an 
acute angle of 86*5°, and efflorescing in dry air at ordinary temperatures. 

AGetyl--^-xylmiol, is a colourless liquid, not solidifying at —20°, 

having a faint odvmr somewhat like that of bergamot-oil, a sp. gr. of 1‘0264 at 15°, 
and boiling at 237° (bar. 768 mm.) 

Msthyl-^-xyUnol, G*H®.O.OH^ is a colourless non-solidifying liquid smelling like 
the pure benzene-hydrocarbons, and boiling at 194° (bar. 772 mm.) 

The salts of the above-described xylenolsulphonic acids give a deep violet coloration 
with ferric chloride. ^ ^ 

The xylenols are converted by prolonged fusion with potassium hydroxide into 
hydroxytoluicacid,C«H3(CH®)(OH).002H,andhydroxyphthalicacid,0«H3(OH)(C02H)2. 

m. asrine-carbon-phenols, C»ff2o = C«H<OH(C»H0- 1. Wormal Pro- 

pylpbenols, CmXOB.).CB.\Cm,Cm (2. Spica, Gazsi. ohim. ital. 1878, 406). Two of 
these compounds, [OH : =1:2 and 1 : 4], are obtained by the action of melt- 

ing potash on the corresponding propylbenzenesulphonic acids, C“H^(C^H'^)SO''*H, 
which are produced by treating normal propylbenzene with sulphuric acid, and sepa- 
rated by means of their barium salts. The j^ara-compound, also called a-propyl- 
pkenol, is a colourless liquid boiling at 230*6°~232’6° (corn), and having a density 
of 1*0091 at 0° and 0*9324 at 99*8°. The acetyl’derivative, C‘*H'‘(C^H’)O0''^H^O, is 
a colourless liquid having a density of 1*02904 at 0° and 0*94229 at 100°, and 
boiling, between 242*7° and 244° (corr.) The methylic ether, C‘*H'‘(C^H’)OCH®, is a 
colourless liquid having a pleasant odour of anise, boiling between 214° and 215*6°, 
and having a density of 0*96364 at 0° and 0*91251 at 99*6°. By oxidation with 
potassium dichromate and sulphuric acid, it is converted into anisic acid. Para- 
propylphenol, treated with carbon dioxide and sodium, is converted into the sodium 
salt of a jp-propylphenolcarboxylic acid represented by the formula 
0®.C^HhH.COOH.OH.H^. This acid melts at 98°, and its aqueous solution produces 
a violet colour with ferric chloride. Its barium salt crystallises with 3 mol., the lead 
salt with 2 mol. H^O. silver salt has the composition C^°H“O^Ag. 

Ortho-, or ^-Proyyl phenol, is a colourless liquid which distils at 224*6°~226*6° 
(corr.), and has a density of 1*0150 at 0°, and 0*93702 at 99*8° ; its aqueous solution 
is coloured violet by ferric chloride. The methyl ether boils between 207° and 209° 
(corr.), and has a density of 0*96944 at 0°, and 0*916772 at 99*88°. c-Propyiphenol- 
carboxylic acid, probably C®.C®H’’.OH.COOH.H\ forms barium and lead salts which 
crystallise with 2|H"0. The silver salt, C^^H^^O^Ag, is a white precipitate. 

2. Xsopropyl-phenol, Cumophenol, or Cumenol, ^ , produced 

by fusing potassium cumenes ulphonate with potassium hydroxide, melts at 61° and 
boils at 228*2°-229’2° (corr.) Its methylic ether, C‘’H‘(C®H’')(OCH^), is a colourless 
liquid smelling like oil of anise, having a density of 0*962 at 0°, and boiling at 212°- 
213° (bar. 758*04 mm.) When oxidised with potassium dichromate and sulphuric 
acid, it yields a small quantity of anisic acid. The ethylic ether has a density of 
1*026, and boils at 244°-245° (bar. 756*27 mm.) (Paterno a. Spica, Qazs;. chim. ital. 
1876, 535 ; Ber. ix. 455). 

3. Trtmethyl-plienols, C«H2(OH)(CH3)3 
viz. : 

12 4 6 

C«H2.0H.CH3.CH3.CH3 

Mesitol. 

Mesitol, which Biedermann a. Ledoiix obtained by the decomposition of diazo- 
mesityiene nitrate, and by the action of melting potash on potassium mesitylenesul- 
plionate (p. 1282), has been further studied by Jacobsen {Liebig's Amialen, cxcv. 265), 
who prepares it by the last-mentioned reaction. It melts at 68°, boils at 219*5° 
(bar. 763 mm.), and dissolves in a strong sulphuric acid, yielding a sulphonic acid, 
which forms an easily soluble barium salt crystallisable in small needles. The sodium 
salt is also easily soluble in water and crystallises in fin t prisms. Ferric chloride 
colours the aqueous solutions of these salts deep blue. 


. Two of these compounds are known, 
12 4 5 

CfiH2.0H.CH».CH3.CH3 

Pseudocumenol. 
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Mondbromome&itol prepared by acting on mesitol dissolved in glacial acetic acid, 
with bromine in the cold, crystallises from hot dilute alcohol in white, long, flexible, 
silky needles (m. p. 80°), and is identical with the compound described by Bieder- 
mann and Ledonx. 

BihroTnomesitol is formed by acting on the monobromo-derivative with bromine, 
or by dissolving mesitol in an excess of well-cooled bromine. It is soluble in hot 
water, more easily in a hot aqueous solution of an alkaline carbonate, from which it 
separates on cooling, and is obtained by crystallisation from alcohol, in large, brittle, 
colourless prisms, melting at 150°. It cannot be volatilised without decomposition. 

. If the bromine used in the preparation of this body contains moisture, a second com- 
pound is formed, which is the only product of the action when bromine acts on mesitol 
and water. This compound is more soluble in alcohol than dibromomesitol, crystal- 
lises in large acute golden-yellow rhombic plates, melting at 174° (corr. 176°), and 
subliming in shining golden-yellow leaflets. It is insoluble in water and in alkaline 
carbonates. It is decomposed by potash, forming a dark brown solution, from which, 
after acidifying wi^di hydrochloric acid, ether extracts a new compound, in the form 
of a semi-liquid mass, which becomes crystalline after some time ; it is soluble in 
alcohol, yielding a dark brown solution, which is decolorised by sodium-amalgam, but 
becomes brown again on exposure to air. This compound is identical with Fittig a. 
Hoogewerff’s dibromoxylenol (vi. 1129); its properties are, however, those of a 
quinone, and analysis shows it to have the composition of dihroTmxyleneguinom^ 
C^H^Br^O^. Mesitol fused with potash is converted into hydroxymesitylenic acid, 
C9£[ioo3 (see Addenda). 

Pseudocumenol, C*H-OH(CH3)^ (A. Eeuter, Ber. xi. 29). — This compound is 
formed by fusing pseudocumenesulphonic acid (p. 1285) with potassium hydroxide. 
It is nearly insoluble in cold water, very easily soluble in alcohol and ether, volati- 
lises very easily with vapour of water, and solidifies for the most part in the con- 
densing tube to a white crystalline mass having a phenolic odour. When distilled by 
itself, it yields a loosely coherent crystalline mass composed of thin flexible needles. 
Its solutions are not coloured by ferric chloride. 

Bromopsextdooumeml, 0°H^°BrOH, formed by careful bromination of pseudocumenol 
dissolved in acetic acid, crystallises from dilute alcohol in long colourless needles, 
melts at 32°, and boils with partial decomposition at about 250°. I)ihT077ioiosend^’- 
mmmol, CWBr^OH, formed by the action of excess of bromine on cooled pseudo- 
cumenol, crystallises from hot alcohol in large hard colourless needles melting at 
149°-150°. 

PseudocimeimlsulpJiooiic acid, C^H*®(0HX'50^H), separates after some time from a 
solution of pseudocumenol in strong sulphuric acid, in small shining crystals having 
the form of cupric sulphate. On carefully mixing it with water, especially in the 
form of lumps of ice, a crystalline pulp is formed consisting of the hydrated acid. 
The sulphonic acid, when free from sulphuric acid, is very unstable, and decomposes 
in moist air, even at ordinary temperatures, into sulphuric acid and pseudocumenol. 
Its salts decompose at 100°. potassium salt and the zhw salt crystallise in rather 
large elongated laminae ; the copper salt in indistinctly crystalline nodules ; the com- 
paratively sparingly soluble barium salt in nodular groups of shining laminse. 

Co7istitution of Bseudocummol and its Derivatives. — ^Pseudocumenol, subjected to 
prolonged fusion with potassium hydroxide, is converted into hydroxy-xylic acid, 
C®HXCH^)^OH.COOH, which may be extracted with caustic soda from the solution 
obtained by agitating the acidulated melt with ether, and purified by distillation 
with steam. It is but slightly soluble in boiling water, nearly insoluble in cold water, 
and crystallises from the hot aqueous solution in feathery groups of needles, or by 
slower cooling in small compact prisms, apparently orthorhombic. It is readily soluble 
in alcohol and ether, melts at 195°, but sublimes readily between 160° and 170° in 
feathery groups of microscopic prisms. With ferric chloride it produces a deep violet 
colour. The barium salt forms small compact hydrated crystals ; the calcium salt 
dries up in a vacuum to an amorphous mass. Since now this calcium salt, when dis- 
tilled with excess of lime yields the liquid 1:3:4 m-xylenol (p. 1541) and moreover 
potassium pseudocumenesulphonate when fused with sodium formate yields the same 
cumyiic or durylic acid (vi. 828) that is produced by oxidation of durene (tetra- 
methylbenzene), it follows that the compounds under consideration must be represented 
by the following constitutional formulae 
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IV. Cymophenolsor Cymenols, Two 

of these phenols are known, viz : 

OH CH* C»H» 

Thymol 1 3 6 

Carvacrol 1 3 ^ 5 

Thyifiiol^ obtained from the volatile oils of thyme, horse-mint, Ptychoiis Ajowan, and 
Monardo, punctata, melts at 44° and boils at 230° ; carmcrol, obtained by fusing 
eymene-suiphonic acid with potash, by heating camphor with iodine, and from the 
isomeric compound carvol, contained in oil of caraway, by heating with phosphoric 
acid, is an oil not solidifying at —25°, boiling at 233°~235° (i. 809 ; v. 793-4). 

The following derivatives of these isomeric phenols have been examined by Paterno 
{Gasz, chim. ital. 1875, 13). 

The acetyl- and methyl-derivatives are identical in boiling point and specific 
gravity, as may be seen firom the following table : 


From From 

thymol carvacrol 

B. p. (corr.) 2447° 245-8° 

Acetate C^“Hi^O.COTO- Sp.gr. at 0° - 1*009 1*03 0 

. „ „ 100° = 0*924 — 

fB. p. (corr.) 216*7° 216*8° 

Methylate Sp.gr. at 0° ~ 0*954 0*954 

. „ „ 100° = 0*869 0*870 


The ethylene-derivatives, however, are different. The product ob- 

tained by adding ethylene bromide to an alcoholic solution of thymol mixed with 
alcoholic potash, boiling the whole for some hours in an apparatus with reversed con- 
denser, and dissolving out the resulting potassium bromide with water, is solid at 
ordinary temperatures, and crystallises from ether in beautiful laminse melting at 
99°, -whereas the corresponding derivative of cymene-thymol does not appear to be 

Cl’ySL3iilS3i ulG* 

Barth (Ber. xi. 567), by fusing thymol with potassium hydroxide, has obtained 
four acids, VIZ. (1) hydroxybenzoic acid; (2) hydroxy terephthalic acid ; (3) thymol- 
hydroxycinnamic acid, which forms needle-shaped crystals melting at 143°* 

(4) a bibasic acid (which Barth proposes to call thymolio acid), easily soluble in water 
the aqueous solution precipitating lead salts and producing a deep red coloration with 
ferric chloride. ^ 


compound, 

u 1 • Sj ’ obtained by heating the sodium salt in sealed tubes at 140°~150° 
with ethyl iodide and alcohol, crystallises in colourless plates, melts at 52°-53° 
dissolves easily in alcohol and ether, and decomposes when distilled. By reduction 
with tin and hydrochlone aoid it yields a lead salt which is converted by distillation 
with aqueous ferric chloride into hydroxy thymoquinone and dihydroxythymoquinone. 

^ Bmitrothymol, heated with phosphorus pentachloride, is converted into chloro 
clinitrocymene,C^‘‘H»01(N02)2, which melts at lOO^-lOl®, is moderately soluble 
m alcohol and ether, less freely m carbon sulphide and chloroform. By reduction 
with tin and hydrochloric acid, chlorodinitrocymene is converted into an amido-com- 
pound which when o^dised with chromic acid mixture, yields dihydroxytbymo- 

chlorhydroxythymoquiuone, 

Oi‘»H^»(OH)C102 (Ladenbm-g a. Engelbrecht, Ber. x. 1218). See Thymoquinones. 

Ur 0 so thy mol, C^oH»Xi^O)0, is prepared by mixing a solution of thymol in 
potash with a solution of potassium nitrite, diluting the mixture with a large quantity 
01 water, and adding dilute sulphuric acid, whereupon the whole liquid is speedily 
converted into a magma of crystals, which are to be thrown upon a cloth filter and 
crystaUised from benzene. The product, after repeated crys- 
tallisation from chloroform, forms small needles melting at 155°-156°. .It is nearly 
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insoluble in water, but dissolves easily in alcohol, ether, and chlorofornL It dissolves 
in alkalis with red coloration, also in strong sulphuric acid, from which it is deposited 
on addition of water. 

The alkali- salts, obtained by dissolving nitrosothymol in potash or soda, form 
long yellow needles. Their solutions are decomposed by carbonic acid. The salts of 
the heavy metals are coloured amorphous precipitates. The henzoyl-etMr^ 
formed by heating the potassium-salt with benzoyl chloride, cryst^ises from absolute 
alcohol in fine yellow needles, melting at 110®. 

Potassium ferri cyanide in alkaline solution oxidises nitrosothymol to nitro- 
thymol, which crystallises in concentric groups of needles melting at 137®. Strong 
nitric acid converts nitrosothymol into dinitrothymol. Tin and hydrochloric acid 
reduce it, forming amidothymol hydrochloride, (C^^H^O.NH^HCl), a white 
crystalline substance decomposing at 210®-215®, Free amidothymol is very unstable. 
The action of nitrous acid upon nitrosothymol in ethereal solution results in the 
formation of a very easily decomposible diazo-derivative, the sulphate of which, 
,:{orms white crystals decomposing at 120® (R. Schifi*, Ber, viii. 

1600). 

NitrosocarvacrDlj prepared in like manner, crystallises from benzene in lemon- 
yellow prisms melting at 163®, insoluble in water, soluble in alcohol, ether, benzene, 
and chloroform. By reduction with tin and hydrochloric acid, it is converted into 
amidocarvacrol, which crystallises in slender needles, having a silvery lustre and 
melting at 134®. By oxidation in alkaline solution with potassium ferricyanide, it is 
converted into nitrocarvacrol, which crystallises in pale yellow needles melting at 
77°_78®, slightly soluble in water, easily in alcohol and ether (Paterno a. Canzoneri, 
Gazz, chim. ital. 1878, 501). 

Cymenol-sulphonic acids^ (Paterno, Gazz. chim, 

ital, 1875, 13). — Engelhardt a. Latschinofif have shown that the chief product of the 
action of sulphuric acid on thymol^ under ordinary circumstances, is a sulphonic acid 
(distinguished as a), which forms lead and barium salts containing 2H^O, and a 
potassium salt containing 2^WO. 

Carvacrol, heated for some hours in the water-bath with rather more than its own 
weight of ordinary sulphuric acid, dissolves almost completely, and on adding water 
and neutralising with barium carbonate, a mixture of two salts is obtained, one of 
which crystallises in anhydrous laminae yielding 28'44 per cent, baryta, while the 
other crystallises in needles containing 6H-0, or 15T2 per cent,, and 23 02 per cent. 
BaO. The lead-salt, (0^°H^-OH.SO®)“Pb + 5H-0, crystallises in small shining needles 
very soluble in water. The potassium salt crystallises in shining needles containing a 
considerable quantity of water of crystallisation. On heating a solution of this 
potassium salt with dilute nitric acid, a heavy oil separates, which on cooling solidifies 
to orange-yellow crystals, soluble in ether and benzene, and slightly soluble in water. 
This substance melts at about 119®, and appears to be a nitrocymophenol. 

MethyUcymenolsulphonic acids, C'®H^2^0CH®)(SO^H). — 1. From Thymol. From 
the experiments of Engelhardt a. Latschinoff {loo. cit.), it appears probable that the 
action of sulphuric acid on the methylic ether of thymol gives rise to the formation of 
two isomeric sulphonic acids, one of which yields a crystallisable barium salt containing 
3 mol. water, while the other yields an amorphous barium salt. Paterno’s experiments 
confirm these results, and show that the products are the same whether the action 
takes place slowly at ordinary temperatures or quickly at the boiling heat. When 
1 pt. of methyl-thymol is heated for several hours with If pt. sulphuric acid of 63® B., 
and water is then added, an oily substance separates which crystallises on cooling ; 
and the aqueous solution neutralised with barium carbonate deposits a well-crystallised 
barium salt, an additional quantity of which may be obtained from the mother-liquor, 
while the uncrystaUisable salt mentioned by Engelhardt a. Latschinoff still remains 
dissolved. 

The crystalline barium salt, (C^®H^2.0CE[®.S03)*Ba + 3H-0, forms large hexagonal 
plates having a vitreous lustre but becoming opaque after some time ; it is nearly 
insoluble in cold, somewhat more soluble in hot water ; gives oj0f the whole of its 
crystallisation-water at 110®, and decomposes at a somewhat higher temperature. 
The lead salt, (C^®B[^^.OCH®.SO®)2Pb forms very light, slender, shining needles, 

which do not give off all their water at 100®, and decompose at higher temperatures. 
The potassium salt, OCH*.SO®K, crystallises from aqueous solution in large- 

splendid anhydrous plates. 

The oily substance abeady mentioned as produced by the action of sulphuric acid 
on methyl-thymol, and afterwards crystallising, may be purified by pressure between 
bibulous paper, and recrystallisation from ether or from benzene. It then forms- 
small needles, melting at 150®-151®, very soluble in benzene, slightly soluble in ether. 
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It is in all protability a compound analogous to sulphobenzide, and represented by 
the formula : 

C«H\03H^CH3.0CHs)— S0MC®H^CH^00H3)C«H2. 

It gave by analysis 8*05 per cent, of sulphur, the formula requiring 8‘87., 

2. From Carvacrol. — A mixture of carvacrol with twice its weight of ordinary 
sulphuric acid, left to itself for a few hours, solidifies to a crystalline mass, soluble 
for the most part in water ; and on neutralising the solution with barium carbonate, 
a barium salt is formed, which crystallises only from rery strong solutions, forming 
a white mass, separable by washing on a filter with cold water into two salts, one of 
which (a) remains on the filter, and may be purified by recrystallisation from hot 
water, while the other (/8) may be obtained by evaporating the wash-water. The 
a-salt, (C^oH:*2.00H3.S03y^Ba + 3iH20, crystallises on cooling from its hot aqueous 
solution in small hard heavy prisms, having a vitreous lustre. The 
(Ci°Hi2 0CH3.S03)2Ba + 5H20, is very soluble in water, and crystallises in very light 
and very white needles. r 

PKBNOXYZiIC ACXB, CSH^O^rrCsHs.CO.CO.OH. See Phbntl-gltoxalic 

ACID. 

PH£Zia"KXi (3>I-) and its derivatives. See Diphenyl (pp. 658-686). 

PHBinrXi CAHBAMliLTE, or PHEWYIi-TTKETHASSrE, NHICO.OC^H®, 
See Oaubamates (p. 384). 

PHEETYE CITAirATE and CYAWTTRATE are formed, together with ben- 
zoic acid and benzanilide, by the distillation of dibenzhydroxamic acid ; the cyanate, 
also, together with anisanilide, from benzanishydroxamic acid (pp. 1080, 1081); 
methoxyl-phenyl cyanate, in like manner, together with benzoyl-anisidine and 
carbon dioxide, from anisbenzhydroxamic acid ('Pieschel, Liebig's Aoinalen, clxxv. 
305). 

PHEE'YXi CYAEIBB, or BEZiTZOEriTRIE, 0 = N, and PHENYX. 

XSOCYAEXBE or PHEISTYl. CARBAMXETE, N=C, Pheuyl-carbamino 

is produced by desulphuration of phen 3 d-thiocarbimide, CSN(C‘’H®), with finely 
divided copper (precipitated from a strong solution of the sulphate with excess of zinc; 
Gladstone’s copper-zinc couple), and subsequently changes into normal phenyl cyanide 
or benzonitril. This transformation also takes place when phonyl-carbamino, freed as 
far as possible from aniline by distillation, is heated for tw^o or three hours at 200*^- 
220® in sealed tubes, or when phenyl-carbamide containing aniline is heated in an 
open vessel with reflux condenser. The nearly colourless oil which passes over on 
heating the product of this reaction with steam may be freed from aniline by dilute 
sulphuric acid, and, when again distilled, yields pure benzonitril boiling at 191° 
fWeith, Ber. vi. 210). 

Phenyl-carbamine may be converted into phenyl-thiocarbimide and subse- 
quently into diphenyl-thiocarbami de or thiocarbanilide, by acting upon it 
while in the nascent state with sulphur, that is to say by gently heating a mixture of 
aniline, chloroform, and alcoholic potash with sulphur for two or three hours. On 
pouring the product into water, scarcely any odour of phenyl-carbamine becomes per- 
ceptible, and a heavy oily liquid separates, which, when freed from aniline by dilute 
hydrochloric acid and from chloroform by heating, .solidifies to a mass yielding on 
crystallisation from hot alcohol, laminae of thiocarbanilide resulting from the com- 
bination of the phenyl-thiocarbimide formed in the first instance with aniline : 

c«H«.isrc H- S - CS, 

Phenyl- Phenyl- 

carbamine. thiocarbimide. 

and C«H5.N=zCS + = CS[NH(C«H5)P 

Phenyl- Aniline. Tliiocarbanilide. 

thiocarbimide. 

Phenyl-carbamine free from aniline is also converted into phenylthiocarbimide by 
direct addition of sulphur, the thiocarbimide being obtained in oily drops on distilling 
the product with steam. Benzonitril and sulphur do not react on one another in any 
way whatever (Weith, loo, cit.) 

BBEEYXi KYBROSBXiPRXBE, or PhenyUmercagtan, C^H^.SH. According 
to_ Friedel a. Crafifts {Convpt. rend. Ixxxvi. 884)" this compound is formed, together 
with phenyl sulphide, (C®H®)^S, and diphenylene disulphide, ( C®H^)2S^, by heating 
benzene with sulphur at 75°-80®, in presence of aluminium chloride, and treating the 
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product with water. Its formation is explained on the supposition that the alumi- 
nium first reacts with the benzene and sulphur in such a manner as to form the com- 
pound Al^GP.S.G^H^, which is then decomposed by water, as shown by the equation : 

A1-CP.S.C«H5 + H^O - C«H5(SH) + Al^CPCOH). 

The phenyl hydrosulphide thus obtained boiled at 170^-173°, formed a crystalline 
compound with mercuric chloride, and was converted by iodine into phenyl bisulphide. 

PHEWYl StTEPKIBB, (C«H")2S, also called Thiobmaem (iv. 417 ; vii. 941). 
Krafft {Ber. vii. 384, 1164) prepares this compound by converting thioaniline, 
(vii. 1154), into a diazo-compound, and decomposing the latter with alcohol. 
As thus prepared, it boils at 288°-289° (uncorr.), and is identical with the compound 
formed by the decomposition of sodium benzenesulphonate (Stenhouse, iv. 417}, and 
with that which is produced by the dry distillation of the lead-salt of phenyl-mercaptan ; 
(C®H^S)^Pb = PbS -f- (C'^H®)2S (Kekul4 a. Szuch, Co?npL rend. Ixiv. 752). The de- 
composition of sodium benzenesulphonate is best effected by Spring s method, which 
consists in treatini^ the salt with phosphorus pentasulphide. The yellow-red oil 
thereby poduced is decolorised by recently reduced copper-powder, and after two 
rectifications consists of nearly pure phenyl sulphide. 

By adding phenyl sulphide to strong nitric acid, and reducing the resulting nitro- 
compound, thioaniline, (C®H^NH2)“S, is obtained, melting at 106°, and crystal- 
lising from hot water in thin shining needles. 

Bromophenyl Sulphide, (C®H‘*Br)-S, produced by the action of bromine on 
phenyl sulphide, crystallises in nacreous laminae melting at 109°-110°. It may also 
be formed by cautiously heating the perbromide of diazothiobenzene. Qhloropkenyl 
Suhphide^ (C®H‘‘C1)“S, produced by treating phenyl-sulphide with chlorine, or by the 
action of heat on the platinoehloride of diazothiobenzene, resembles the bromine- 
compound and melts at 88°-89°. [odopTienyl Sulphide, (G®H'^I)-S, may be pre- 
pared by. Kekule’s method (vi. 267), which consists in heating phenyl sulphide with 
iodine and iodic acid in sealed tubes ; also by adding dilute hydriodic acid to 
an aqueous solution of diazothiobenzene sulphate. It resembles the bromo- and 
chloro -derivatives, and melts at 138°-139°. 

Hydroxyphenyl Sulphide, (C®H'^.OH)2S, is obtained by the action of water on 
diazobenzene sulpliate, and is precipitated from the alkaline solution by acids in 
shining laminae which melt at 143°-144°. 

Thiobeyizenesulphonic acid, (G‘'H‘‘.SO^H)'^S, is easily obtained by dissolving 
phenyl sulphide in fuming sulphuric acid : its salts cryst^dlise well (Krafft). 

Blienyl Disulphide or Diphenyl Disulphide, (C-H®)-S“ (iv. 417), is de- 
composed by distillation, and, when boiled for about an hour and then distilled, yields 
the monosnlphide, (C®il^)-S, nearly pure, while a greasy substance remains behind. 
It is only by distillation from a retort in which the vapour cannot rise high, that the 
greater part of the disulphide can be made to pass over without decomposition. A 
thermometer with only its bulb immersed in the vapour then shows a temperature of 
110° (Graebe, Liebig’s Amialen, clxxiv. 189). 

-ii.CSTiiMXBXia'E, or -ACETaiUXMXBE, 

See Amidines (p. 71). 

PKEir'S’l.-A.CIiTAZZSS, or Acetyl-iilicnyl-Tcydrazide, See 

Hydbazines (p. 1053). 

PHSaSTYB-ACETEC ACXD, C«H®.CH-.CO.OH, a-Toluic acid. See Toltjic 

ACIDS. 

PHEliSrYX.«AGETOTHIil.MXB&, CH2(G‘'H:®).CS.ITH. See Thiamidbs. 

PHESTYXi-ACBTYIi-CARBABIIBE, C0N2H:2(C2H30)(C®H=). See Acetyl- 
CAEBAMXDES (p. 393). 

PHEXTYXi-iiCETYIi-THXOCABSAlMCXBE, CSN2H'^(C2H30)(0®H®) (p. 400). 

PHEZa'YB-AEBEBYBXXa'ES (Ladenburg a. Engelbrecht, Ber. xi. 1653). 
1. Bhenyl-benzaldehydine, C^HXNC'H®)-, is prepared by agitating a dilute aqueous 
solution of orthophenylenedi amine hydrochloride with benzaldehyde, reerystallising 
the hydrochloride which separates after some time from very dilute hydrochloric acid, 
and decomposing it with potash. It forms colourless six-sided prisms, insoluble in 
water, nearly insoluble in alkaline hydrates, easily soluble in alcohol and benzene ; 
melts at 133°~134°. Like other aldehydines, it is a mono-acid base. The hydro- 
chloride, C^°H^®N-.HG1, prepared as above mentioned, forms colourless anhydrous 
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prisms, difficultly soxuble in water, and decomposed on boiling, with separation of 
hydrochloric acid. The ^latimchhride, (G2®H^®N2.H01)-Pt01‘*, crystallises from dilute 
alcohol, with addition of hydrochloric acid, in golden-yellow needles. The nitmte, 
prepared by treating the hydrochloride with dilute nitric acid, forms 
colourless prisms, soluble in cold water. The sulphate, prepared by 

dissolving phenyl-benzaldehydine in hot dilute sulphuric acid, crystallises in small 
colourless shining plates. The ethiodide, obtained by heating the 

base with ethyl iodide in sealed tubes for some hours at 100°-120^, separates from 
aqueous solution in well-formed crystals melting at 211°-213°. The nietJiiodide, 
prepared in like manner, crystallises in shining prisms. 

Thenyl-f urf UT aid ehy dine, G®HXNC®H^O)^, is prepared like phenyl-benz- 
aldehydine, substituting furfuraldehyde for benzaldehyde : 

C6HXNH2)2:2HG1 -f 2052^02 = G®HW(G5H^0)2HC1 -f 2H20 + HCl. 

The resulting hydrochloride separates after a while in somewhat dark-coloured 
crystals, which may be purified by repeated crystallisation ^d treatment with 
animal charcoal. The base, separated from the solution by potasn, may be purified 
by crystallisation from high-boiling ligroin, in which it is sparingly soluble, and 
separates from the solution in nearly colourless compact crystals melting at 95°'~96°. 

Phenyl-furfuraldehydine is mono-acid. It dissolves very easily in alcohol, less 
easily in benzene and toluene, sparingly in ligroin, and is insoluble in water. It dis- 
solves easily in dilute hydrochloric acid, forming a crystalline hydrochloride which 
appears to be decomposed by washing. The platmochloride, (G^^H^^N-O^.HC^-PtCP, 
crystallises in yellow laminse. The nitrate, obtained by decom- 

posing a very dilute solution of the hydrochloride with dilute nitric acid, crystallises 
in needles. The acid sulphate, is obtained by dissolving the base 

in dilute sulphuric acid. The methiodide, C^®P[^“N-0~.CH^I, obtained by heating the 
base^ to 100° with methyl iodide, crystallises from hot water in yellowish prisms 
melting at 192°-1 93°. The ethiodide was obtained only as a viscid mass' showing 
but little tendency to crystallise. 

iPhenylanisaldehydine, C^-H-°N20^ = C®HXNC®H®0)-, is prepared from 
anisaldehyde and a dilute aqueous solution of orthophenylonediamine hydrochloride 
with addition of a little alcohol. When separated from the hydrochloride by am- 
monia and repeatedly crystallised from alcohol, it forms stellate needles very soluble 
in hot alcohol, melting at 128*5°~129°. The hydrochloride forms needles almost 
insoluble in water (Ladenburg a. Eugheimer, Ber. xi. 1660). 

PHEJSrYI-AMlBACETlC ACXB, CeH3.CH(NH2).COOH. This acid, pre- 
pared by the action of aqueous ammonia on phenylbromacetic acid, crystallises in 
pearly scales, which are insoluble in the usual neutral solvents, but dissolve in acids, 
and in solutions of the alkalis and alkaline carbonates. It sublimes with partial 
decomposition without melting. It unites with hydrochloric, nitric, sulphuric, oxalic, 
and phosphoric acids, forming crystalline compounds which are decomposed by water. 
With phosphorus pentachloride it yields benzaldehyde and a resinous product (Stock- 
eniup, Ber. xi. 2002). 

BHEWYB-AMIBOBICHIiORACETATE, ETHYXiXC, 

C^H^.NH.COP.COOC^H®, is formed by the action of phosphorus pentachloride at 
temperatures below 70° on ethylic phenyloxamate. See Phentloxamic Ethers. 

BKEXS'YXiAMIXQ'ES. Monophenylamine or Aniline, and a large number of its 
derivatives, have already been considered in this volume (pp. 191-206 and 
1305-1310). 

Bichlor anilines, (p. 197). — Beilstein a. Kurbatow {Ber. xi. 

1860) have completed the series of these bodies by the discovery of the 1 .* 2 ; 6 modi- 
fication, G®.NH".C1.H.H.H.01, which is obtained by reduction of the corresponding 
nitro-dichlorobenzene (m. p. 71°). It crystallises in needles melting at 39°. Its 
acetyl- derivative melts at 176°. The following table exhibits the melting and boiling 
points of the six dichloranilines : — 



Cl 

Cl 

Melting 

point 

Boiling 

point 

Acetyl-derivativc. 

Melting 

point 

Consecutive . •{ ^ 

2 

3 

23*5° 

252° 

156'5 

2 

6 

39° 

— 

175° 

fl 

2 

5 

60° 

251° 

132° 

Unsymmetrical . *1 1 

2 

4 

63° 

245° 

143° 


3 

4 

71-5° 

272° 

120-5° 

Symmetrical . 1 

3 

5 

50-5° 

260° 

186-5° 


Trichloranilines, OSH2GP.NH2. In addition to the two modifications described 
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at p. 147j Beilstein a. Kurbatow have obtained the consecutive modification 
1 : 2 ; 3 t 4 by chlorinating [1 : 2 : 4’] dichloraniline in acetic acid solution. By 
exchange of for Cl it is converted into consecutive tetrachlorobenzene. The 
physical characters of the three known modifications are shown in the following table : 



Cl 

Cl 

Cl 

Melting 

point 

Boiling 

point 

Acetyl-derivative. 

Melting 

point 

Consecutive . 1 

2 

3 

4 

67-5° 

292° 

121° 

Symmetrical . 1 

2 

4 

5 

96-6° 

270° 


Unsymmetrical . 1 

2 

4 

6 

71-5° 

260° 



TetracKlor anilines, C^HCKNH-. The modification : 01 : Cl : Cl ; Cl = 

1 : 2 : 3 : 4 : 6, is obtained by chlorination of metachloraniline. It crystallises in 
needles melting at 88°. By the action of ethyl nitrite, it is converted into unsym- 
metrical tetrachlorobenzene (m. p. 50-51°). The acetyl-derivative melts at 173°-174°, 
and is not decomposed by heating with strong sulphuric acid. 

The modificathn 1 : 2 : 3 : 4 ; 5 [NH^ in 1], obtained by reduction of the corre- 
sponding nitrotetrachlorobenzene, forms crystals melting at 118°. 

The modification 1 : 2 : 3 : 5 : 6, prepared in like manner, melts at 90°. 

Biphenylamine, = !NH(0®H®)- (p. 207). This base is formed, together 

with cyanic acid (carbimide), by the dry distillation of nnsymmetrical diphenyl- 
carbamide : 

NH2.C0.N(CfiH^)2 = NH(C«H5)2 + CONH, 

and in like manner, together with phenyl-carbimide, by distillation of triphenyl- 
carbamide (Michler, Ber. ix. 715) : 

N(C«Hs)2.C0.NH(C«H0 = NH(C«H^)- + CONCC^H®). 

Bvphenylamine hydrochloride is obtained, together with the hydrochlorides of 
cresylamine and phenyl-cresylamine, by heating liquid toluidine to 280° for ten hours 
with aniline hydrochloride (G-erard a. Wilm, B^lll. Soc, Chim, [2], rxv. 218). 

Action of Chlorine on Dijphenylamine. — A solution of diphenylamine in glacial 
acetic acid absorbs dry chlorine, forming tetrachlorodiphenylamine, 
NII(C°H^C1“)- (p. 209). Diphenylamine subjected to exhaustive treatment with 
chlorine and iodine (p. 1066), yields perchlorobenzene, C®CP, probably together 
with free nitrogen (Ruoff, Ber. ix. 1483). 

Action of Bromine. — Tetra- and hex-bromodiphenylamine, NH(C°H®Br2)2, 
and NH(C‘’H*Br®)2, are produced by the action of bromine on diphenylamine dissolved 
in glacial acetic acid (p. 205). By exhaustive treatment with bromine containing 
iodine, diphenylamine is converted into octo-and deca-br o modiphenylamine. 
The former, NB[(C®HBr-*)2, which is produced at 250°, crystallises in prisms, melts at 
302°-305°, and dissolves with moderate facility in benzene, toluene, and chloroform. 
The latter, ISfH(C®Br®)^, formed at 310°, crystallises in white slender needles, remains 
unmelted at 310°, dissolves sparingly in benzene,^ toluene, and chloroform, and is 
nearly insoluble in alcohol and ether (Gessner, Ber. ix. 1505). 

Bfitro-di^henylamines. — A dinitro-di'jfhenylamine, crystallising in red needles, 
and melting at 153°, is formed by the action of aniline on the trinitrobenzene obtained 
from paradinitrobenzene (p. 175), (Hepp. Bull. Soc. Chim. [2], xxx. 4). 

Tetranitro-diyhenylamine, C^2H^(NO“)^N, isomeric with Austen’s parapicryl- 
nitranilines (p. 199), is prepared by heating 1 pt. of diphenylamine dissolved in 40 
pts. glacial acetic acid in a capacious flask with 3 to 5 pts. nitric acid, whereupon red 
fumes are evolved and the solution turns green. When the reaction is complete, 
excess of water is added, which throws down a yellowish flocculent precipitate, drying 
up to a dirty greenish-yellow powder, which becomes glutinous when heated, and 
solidifies to a brown resinous body when cold. ^ It may be purified by boiling with 
dilute aqueous sodium carbonate, from which it separates on cooling in brownish- 
yellow flocculent masses melting at 150°-170°. Methyl-diphenylamine similarly 
treated yields the same body, and not a methyl-nitrodiphenylamine. The largest and 
purest yield is obtained by acting with 3 to 5 pts. nitric acid on 1 pt. of diphenyl- 
nitrosamine (p. 209) dissolved in 10 pts. of hot glacial acetic acid. 

Tetranitrodiphenylamine, when pure, crj-stallises from glacial acetic acid in fine 
yellow needles or prisms melting at 192° ; when more strongly heated in the air, it 
burns readily, but does not explode. It is soluble in alcohol, ether, and benzene, and, 
like its isomerides above mentioned, is easily dissolved by hot soda- or potash-ley, 
forming a solution of a fine scarlet colour, which on cooling deposits it in minute red- 
brown needles. It does not appear to yield an acetyl-derivative, even when heated in 
sealed tubes with acetyl chloride (Gnehm a. Wyss, Ber. x. 1318). 
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Dimtrotrihromodi^^henylaminef = is formed, 

together with other compoimds, by heating a solution of 1 pt. tetrabromodiphenyl- 
amine in 1 to 2 pts. nitric acid, whereupon large quantities of nitrogen tetroxide and 
bromine are evolved, and the solution on cooling deposits a crystalline mass, from 
which, by treatment with alcohol, glacial acetic acid, and caustic soda, different bodies 
may be separated, the portion soluble in alcohol yielding after repeated crystallisation 
thin glittering yellow plates of dinitrotribromodiphenylamine. This compound 
dissolves in ether with reddish-yellow, in benzene and chloroform with yellow colour, 
melts at 209^-210°, and burns readily when strongly heated in the air rGnehm a. 
Wyss). 

Tetramidodi^phenylamine, — Tetranitrodiphenylamine, reduced with 

zinc and dilute hydrochloric acid, yields an easily soluble colourless salt, from whose 
aqueous solution sodium hydrate precipitates a colourless, iiocculent, basic substance, 
which in all probability consists of tetramidodiphenylamine, but has not been obtained 
in a state fit for analysis. Its solution in hydrochloric acid turns red-violet in the air ; 
gives a violet colour with platinum chloride, gradually resolving itself into a dark 
precipitate ; a dark violet with ferric chloride ; a dark brown-red with zinc chloride ; 
and with sodium nitrite a blue colour quickly turning red, and then resolving itself 
into a brown precipitate. By the addition of ammonia a colourless precipitate is formed, 
but on exposure to air this precipitate redissolves, and a splendid deep blue solution 
is formed, of very unstable character. Tetramidodiphenylamine is readily oxidised 
by exposure to the air, probably with formation of tetra-imidodiphenylamine, 
NH[0®H(NH)“]^, the reaction being similar to that by which diamidonaphthol, 
is converted into diimidonaphthol, (vi. 857). 

Methyl-diphenylamine, — This base, heated to 150° with 

fuming hydrochloric acid in a sealed tube, is resolved into methyl chloride and diphenyl- 
amine. Heated with nitric add, as long as red vapours are given off, it yields a com- 
pound closely resembling Austen’s diparapicrylamine, (p. 199), 

and perhaps identical therewith. The product, after washing with water, may be 
crystallised from alcohol or glacial acetic acid, and separates from the latter in yellow 
prisms melting at 233°-234:°. Its harium derivative, BaN-[C'H-(NO“)®]‘‘, crystallises 
in rhombohedrons of a fine red colour ; the amnonmm derivative in red lamina*. The 
same compound is formed by the action of nitric acid on diphenylamine itself, whence 
it appears that in the treatment of methyl- diphenylamine with nitric acid, the act of 
nitration is accompanied by a separation of the methyl-group (G-nehm, Ber. vii. 1399). 

Methylene'-difhcnyldiamine, C^^ff‘‘N“ = (C°H^)-(CH“)'H”N‘-^, is formed by 
the action of methylene iodide on aniline. A gentle beat is required to start tho 
action, which then takes place so violently that the entire mass becomes raised to the 
boiling point. In operating on considerable quantities, therefore, it is best to add 
the methylene iodide by drops to the aniline warmed in a water-bath. Tho thick 
crystalline pulp thus obtained is first distilled in a current of steam, then mixed with 
alkali and again distilled, whereupon there remains in the flask an oily substance, 
which must be separated from the alkaline solution by a tap-funnel and well washed 
with water. The oil which then remains is a strong base, which dissolves readily in 
acids. It does not, however, form crystallised salts, only the sulphate, C*®H^‘‘N2.H2SOS 
being thrown down by alcohol from its aqueous solution as an indistinctly crystalline 
precipitate. The base prepared as above is analogous in all its chemical relations to 
the isomeric bases which Hugo Schiff obtained by the action of acetaldehyde and of 
ethylidene chloride on aniline (vi. 79, 922). JDimethyle^ie-diyhenyldiamim appears to 
be formed by treating aniline with excess of methylene iodide (Julie Lermontoff, Ber. 
vii. 1255). 

Etk eny l-diyhenyl diamine, (C-H®)(0°H7“HN2 = C 2 H®<^^^^^^ 5 ._This base, 

which Hofmann obtained by the action of phosphorus trichloride on aniline mixed 
with acetanilide or acetyl chloride (vi. 585), is also formed by the action of phosphorus 
pentachloride on acetanilide : 

2(C«H«)(C2H20)NH + PGP = + C^HSOCI + POOP + HCl. 

Acetanilide (2 mols.) and POP (1 mol.) are mixed in a flask, whereupon the mass 
becomes hot, liquefies, and gives off hydrochloric acid, the evolution of which increases 
on heating the mixture with an inverted condenser attached to the flask. The solid 
residue is then to be shaken with water and precipitated with ammonia or potash, but 
it is only by repeated solution and precipitation that the base can be obtained crystal- 
line and free from resin. When purified by recrystallisation from alcohol, it exhibits 
all the properties of the base described by Hofmann (E. Lippmann, Ber, vii. 241). 

Ethenyldiphenyldiamine treated with reducing agents (tin or zinc and hydrochloric 
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acid), or sodium-aiaalgam in acetic acid solution, takes up 2H20, and is resoh'ed into 
acetic acid and aniline : 

(CSH5)2(C2H®)HN2 4- 2H20 =:= + 2(C®H;5)H2N. 

With hromim it forms ethenyl-dibromo-diphenyldiamine, which 
crystallises with some difficulty in broad laminae. With fuming nitric acid 'it forms 
ethenyldinitrodiphenyldiamine nitrate, which does not dissolve 

in water, alcohol, ether, alkalis, or acids. By prolonged boiling with water or acids, 
or prolonged heating with water in a sealed tube, this nitro-oompound is converted, 
first into nitracetanilide and ultimately into paranitraniline (m. p. 141°). By re- 
duction it is converted into paraphenylenediamine (R. Biedermann, Ber. vii. 539). 

Ethylene-di'phenyl-diamiQie, — A.ccording to A. G-re- 

tillat {Monit. Soient. [3], iii. 383) this base, when prepared by treating ethylene 
bromide with a large excess of aniline (Hofmann’s method, iv. 455), is always con- 
taminated with diethylene-diphenyldiamine, (C2H^)“(C®H*)^i?’% which however maybe 
separated by dissolving the whole in boiling concentrated acetic acid, and adding 
alcohol, whereupon ^he diethylene base separates in crystals. 

The two free hydrogen-atoms in ethylenediphenyldiamine may be replaced by acid 
radicles, either fatty or aromatic. Ethylenediaeetyldi'pTienyldiamim is a crystalline 
body easily soluble in alcohol and ligro'in at the boiling heat, and still possessing 
basic properties; ethylenedihensoyldiphenyldiamme, on the contrary, is destitute of 
basic properties (Gretillat). 

TTichloTethylidene-dipkenyldiamine,0^ = CCP .CH(NH.C®H®)^ 

is formed by the action of aniline on anhydrous chloral. The action is violent, and 
the vessel must be cooled. The product is a thick liquid which soon becomes crystal- 
line, and may be obtained by recrystadisation from alcohol in tabular crystals 
with well-developed faces. This compound dissolves readily in alcohol, ether, ben- 
zene, and chloroform, but is insoluble in water. It melts at 100°-101°, and decom- 
poses at 150°. By boiling with water, or by prolonged heating with alcohol, it is 
decomposed, with formation of phenyl isocyanide. The same product is 
formed by aqueous solutions of the alkalis, slowly in the cold, more rapidly when 
heated, and instantly with alcoholic potash. The first reaction is probably, 

CCP.CH(NH.CW)2 =: C«HMIC + CHOP + 

Chloroform cannot however be detected amongst the products of the reaction : it 
probably acts upon the aniline in such a manner as to produce another molecule of 
phenyl isocyanide. 

Tricblorethylidene-diphenyldiamine does not appear to be a base : its alcoholic 
solution has a neutral reaction, and when treated with hydrochloric acid and platinic 
chloride yields the platinochloride of aniline (Wallach, LieUg's Annalen, clxxiii. 349). 

Bi^heoiylamine-^hlue . — Willm a. Girard (Dmgl. fol, J. ccxxi. 192) have 
obtained a blue dye-stuff by the following process : Pure formodiphenylamine (p. 208) 
is first prepared by heating 100 kg. diphenylamine with 30 kg. formic acid to 120°-160° 
for twelve hours, and expelling the excess of formic acid by distillation. 1 kg. of this 
compound is then heated to 1 10°-1 20° for twenty to twenty-four hours with 2 kg. oxalic 
acid; the product is poured into benzene; and the residue insoluble therein, after being 
freed by boiling water from adhering oxalic acid, is dried and dissolved in strong alcohol. 
This solution, heated with weak potash-ley, filtered, and mixed with hydrochloric acid, 
deposits the blue dye-stuff ; and this, when washed with water and treated at 40°-50° 
with sulphuric acid, yields the corresponding sulphonic acid, which may be used 
directly as a dyeing liquid. The same colouring matter may be prepared from aceto- 
diphenylamine. The corresponding dinaphthylamines, and the triamines formed from 
diphenylamine by introduction of methyl and benzyl instead of formyl and acetyl, are 
also said to yield the blue dye when treated as above ; and similar blue colouring 
matters are said to be obtained by heating diphenylamine itself with dry oxalic acid, 
tartaric acid, &c. 

Tripbenylamine, N(0®H®)®. On the formation of this base by the action of 
bromobenzene on potassium-aniline, see p. 209. It forms monoelinic crystals with 
the axial ratio a:h I c = 0'9913 : 1 : 1-4119. Angle ac = 88° 38'. Observed forms 
OP, — P, +P, -i-Pqo, oopoo. The crystals are mostly twins according to OP; they 
are elongated in the direction of OP and —P, and do not appear to be cleavable in 
any direction. Angle — P * cc P co = 51° 16' ; — P : oo P — 26° 19'; -i-P:ooPco = 
50° 38-5'; co P : OP = 89*2'. The plane of the optic axes is the plane of symmetry. 

Triphenylamine, treated with chlorine and iodine {-g. 1066). yields perehloro- 
triphenylamine, N(0®CP)^; which by further chlorination is converted into per- 
chlorobenzene : 



1552 PHEISTYL-ARSENIC COMPOUNDS. 

+ 16CP - 15H01 + R{G^Ol^f 

and 

2]Sf(GsCP)« + 3C1* = 6C®C1® + N2 

(Enoff, Ber. ix. 1483). 

PHBKTiriL-iLRSBia'XC COlVXPOimBS (Michaelis, viii. 1316; ix. 1566; 
X. 622 ; La Coste a. IVQchaelis, ihid. xi. 1883). 

1. Arsemous Bichloropheiiide or Bhenyl-dichlorairside, C®H^AsCP, is 
formed by the action of arsenious chloride on mei'cnry-diphenyl : 

Hg(0«Hs)2 + 2AsCP = HgCP + 20®HSAs0P. 

When three or four times the theoretical quantity of arsenious chloride is used, the 
action begins at ordinary temperatures, heat being evolved, and arsenious dichloro- 
phenide produced, together with arsenious chlorodiphenide, (C‘*H®)2AsCl, and mercuric 
chloride. The action is completed by heating the mixture for an hour, and the 
resulting liquid, when decanted from the solid sublimate and submitted to fractional 
distillation, yields the two phenyl-arsenic compounds above mentioned. 

Arsenious dichlorophenide is also formed by heating arsenious chloride with 
benzene, C®H® + AsOP-HCl + C®H®AsCP. As thus produced, however, it is mixed 
with diphenyl formed by a secondary action, and cannot easily be separated ; but its 
presence maybe demonstrated byfusing the mass under water, and passing in chlorine 
to saturation, whereby arsenic tetrachlorophenide, C^ffAsCl*, is first formed and then 
converted by the water into monophenylarsinic acid, C®H*AsO(OH)2 (La Coste a. 
Michaelis), 

Arsenious dichlorophenide is a colourless, strongly refractive, not very mobile 
liquid, having a faint unpleasant smell in the cold, sharp and penetrating when warm, 
and exerting a violent corrosive action on the skin. It fumes in the air, and boils at 
252°-256°. It is not altered by boiling water, but alkalis dissolve it, forming salts 
which may be separated from the chloride of alkali -metal produced at the same time, 
by their solubility in absolute alcohol. The potassium salt, 0“H®As(0K)'^, heated 
with strong hydrochloric acid, is reconverted into arsenious dichlorophenide (Michaelis). 
By ifromine in excess it is converted into arsenious bromo dichloride, hydrogen 
bromide, and paradibromobenzene : 

C8H"AsCP + 2Br2 = AsBrCP + HBr + C^H^Br^. 

Arsenious Clilorodiphenidc, ot B^enyl-caoodyl chloride^ (C°H‘^)"As01, is 
the residue of 'Idgher boiling point obtained, as above mentioned, in the fractional distil- 
lation of the product of the action of arsenious chloride on morciunc phenido. When 
purified, it is a t^ick, oily, yellowish, non-fuming, and nearly scentless liquid, having 
a sp. gr. of 1*422 at 15®, and distilling unchanged at 333°, in an atmosphere of carbon 
dioxide. It is heavier than water, and is not decomposed thoroby (Michaelis, loc, cit.) 

Arsenic Trichlorodi^kenide, or Bhenyl-cacodyl TrichloTide^ 
(C®B[^)-AsCP, formed by direct combination of the last compound with chlorine, is a 
yellow solid resembling phosphorus pentachloride, bub more stable in presence of 
water or damp air. It melts at 174°, and solidifies in crystals. It is decomposed 
by warm water, forming a liquid, probably an oxychlorophenide, which suifers further 
decomposition on boiling, yielding monophenylarsinic acid. 

The BroTnodicklorodiphenidej (C®B[®)-AsCPBr, a comparatively unstable body, is 
formed by direct combination of the dichlorophenide with bromine. 

Arsenic Tetrachlorophenide, or Bhenyl-tetr achl or ar side, C®H^AsCl'*, 
formed by direct combination of arsenious dichlorophenide with chlorine, solidifies 
gradually at ordinary temperatures, quickly at 0°, to broad needles. It melts at 46°, 
and remains fiuid for a long time after cooling. In moist air it is converted into 
arsenic oxydichlorophenide. 0®H®As001-, and phenylarsinic acid, 
(C®H^)A.sO(OH)“. It converts organic acids into chlorine-derivatives, acetic acid, for 
example, into monochloracetic acid, being itself at the same time reduced to arsenious 
dichlorophenide : 

O^H^AsCP + = O^H^AsCP -i- C^H^CIO^ + HCl 

It is not acted on by sulphur dioxide. When heated, especially in a stream of carbon 
dioxide, it is resolved into arsenious dichlorophenide and free chlorine. Heated to 
150° in a sealed tube, it is resolved into arsenious chloride and monochloro- 
benzene. 

Monophenylarsinic acid, (0®Hs)As0(0H)2, is formed by the action of excess 
of water on arsenic tetrachlorophenide : 

C^H^AsCP + 3H20 - 4HC1 + C°H^AsO(OH}2, 
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It is very soluble in water, and crystallises in long white needles, which soften at 
158°, and are converted into the anhydride. Phenylarsinie acid forms normal salts 
only with the heavy metals, and these salts are mostly amorphous. Its solution 
neutralised with ammonia yields with silver nitrate a white precipitate of silver 
'phenylarsinate^ C®H®AsO(OAg)2, sparingly soluble in water, easily soluble in ammo- 
nia and in nitric acid. With the alkalis and alkaline earths, the acid yields salts of 
the form C®H^. AsO(OH)OM' ; the barium salt crystallises in short radiating needles ; 
the copper salt in pearly plates. 

Monophenylarsenio AyiJiydride, C®H*AsO“, obtained by heating the acid at 158°, 
is an amorphous powder, similar in constitution to nitrobenzene. On treating it or 
the corresponding acid with zinc and hydrochloric acid, the smeU of an arsine becomes 
perceptible (La Coste a. Michaelis). 

Diphenylarsinio or Phenylcacodylic acidt (C®H^)2As0(0H), separates on 
cooling the filtrate obtained when the last-described body is decomposed by boiling 
water. It crystallises in slender needles, melts at 174°, dissolves with difficulty in 
cold, easily in hot water. The solution neutralised with ammonia gives, on addition 
of silver nitrate, a precipitate of silver diphenylarsinate, (C®H^)^AsO(OAg), soluble in 
ammonia and in nitric acid. 

Arsenious Oxyphenide, C^H^AsO, obtained by the action of sodium carbonate 
on the dichlorophenide, crystallises from alcohol in crusts, smells like aniseed when 
cold, but when heated becomes very pungent, and attacks the mucous membranes of 
the nose. It is insoluble in water, melts at 120°, and is reconverted by aqueous 
hydrochloric acid into the dichlorophenide. When heated above its melting point, it 
is resolved into arsenious oxide and a high-boiling liquid, which solidifies on cooling 
and consists probably of triphenylarsine. Bromine acts violently on it, producing 
arsenic oxybromophenide and bromo-benzene : 

(1) 0®H"As0 + Br2 = C^H^AsOBr^ 

(2) C^H^AsO + Br^ = CeH^Br + AsOBr. 

Arsenic Oxychlorophenide, C®B[“AsOCP, is formed by the action of water on 
arsenic tetrachlorophenide, but is more conveniently obtained by the action of clilorine 
on the oxyphenide, with which it combines very readily. It is a white crystalline 
body fuming in the air, and melting at about 100°. Water converts it into phenyl- 
arsenic acid ; on heating it to 120°, it is resolved into arsenic oxychloride and chloro- 
benzene. 

Arsenioiis Pihromophenide^ C®H® AsBr^ is obtained by heating the oxyphenide 
with concentrated hydrobromic acid, or by the action of arsenious bromide on mercury- 
diphenyl. It is a pale yellow liquid, having a faint smell, and boiling, not without 
decomposition, at 285°. It is not decomposed by water : bromine converts it into 
bromobenzene and arsenious bromide. 

Diethylphenylarsine, C®H^(C‘'^H®)2As, is formed by adding a mixture of 
arsenious dichlorophenide and benzene or ether to zinc-ethyl. It is a refractive liquid 
having a faint but unpleasant smell, and boiling at 240°. It absorbs chlorine readily, 
forming crystalline arsenic dichlorodiethylphenide, C®H®(C2H®)“As0P. It also com- 
bines with ethyl iodide at 100°, forming the corresponding iodine-compound, 
C®H®(C“H®)-AsP, which crystallises from water in thick needles. 

Triphenylarsine or Arsenious Tr iphenide^ ( As, is formed, together 
with (0®H®)HgCl and HgCP, in the preparation of arsenious chlorodiphenide by heat- 
ing arsenious dichlorophenide with mercuric phenide (p. 1552), and separates from 
the high-boiling residues left after the other products have passed over, in large 
rhombic plates. It is more easily prepared, however, by heating arsenious oxyphenide 
at 180°-200°: 3(C®H®)AsO = As-0® + (C®H®)3As. It melts at 58°-59°, disths un- 
changed in an atmosphere of carbon dioxide at a temperature above 360°, dissolves 
easily in ether and benzene, sparingly in cold alcohol. It does not react with ethyl 
iodide at 100°. 

Triphenylarsine Dichlcmde or Arsenw Tichlorotriphenide, (C®H®)®AsCP, is obtained, 
by the action of dry chlorine on triphenylarsine, as a white powder, and crystallises 
from solution in benzene in colourless plates melting at 171°. At 280° it is resolved 
into monochlorobenzene and arsenious chlorodiphenide: (C®H®)®AsCl“ = C®H®Cl-i- 
(0®H®)2As01. On treating it with boiling water or dilute ammonia, the chlorine-atoms 
are replaced by OH-groups, and triphenylarsine hydroxide, As(C®H®)®(0H)2, jg 
formed, which crystallises from its aqueous solution in plates, from concentrated 
solutions in needles melting at 108°. ^ Heated at 105°-110° it loses 1 mol. of 
and is converted into triphenylarsine oxide, As(0®H®)®0. 

VoL. Vm, 5 H 
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Tripheiiylarsine forms with mercuric chloride the compoiiiid As(C°H®)®.HgCP, a 
cpystallme body, soluble in alcohol, but almost insoluble in water. It is not decom- 
posed by aqueous potash in the cold, but on boiling the mercury is reduced to the 
metallic state, and As(C®H2)®(OH)2 is formed. By the action of alcoholic potash in 
the cold it is resolTed into mercuric oxide and triphenylarsine, which dissolyes in* the 
alcohol. 

Diphenyl-ethyl arsine, (C®II®)2As(C2H®), obtained by the action of zinc-ethyl on 
arsenious chlorodiphenide, is a colourless liquid, having a fruity smell, and boiling at 
305°. It unites directly with chlorine, forming the solid diehloride, (C®H*)2As(C'H®)012, 
which crystallises from benzene in long colourless needles. It combines with 1 mol. 
ethyl iodide at 100°, forming diphenyl-diethylarsonimn iodide, As(C®H^)2(C‘-^H®)2I. 
The corresponding chloride is uncrystallisable, but on mixing its solution withplatinic 
chloride, the platmo -chloride, [As(C®H^)-(C^H®)®]^PtGl®, is obtained as a yellow pre- 
cipitate, slightly soluble in water, amorphous at first, but quickly becoming crystalline, 
and forming when dried, gold-yellow crystalline laminae (La Coste a. Michaelis). 

Monophenyltriethylarsonium Iodide, (C®H^)As(C2H^)% is prepared by dropping 
zinc-ethyl diluted _ with 3 vols. benzene into a benzene-solution of the mixture of 
arsenious chlorodiphenide and diphenyl produced by the action of arsenious chloride 
on mercuric phenide. The benzene is then to be distilled off, and potash added, which 
precipitates monophenyldiethylarsine and dissolves the diphenyl; and the arsine 
separated by filtration from the alkaline liquid, is heated in a sealed tube with ethyl 
iodide, whereby it is converted into phenyltriethylarsonium iodide, which may be freed 
from adhering diphenyl by recrystallisation from water. • 

This iodide melts at 112°-113°, and is resolved at a higher temperature in a stream 
of carbon dioxide into ethyl iodide and phenyldiethylarsine. Heated for two or three 
hours at 110° in a sealed tube with silver oxide and water, it yields a strongly 
alkaline solution of the corresponding hydroxide, which remains on evaporation in 
the form of a syrup, and is easily converted into the chloride by neutralisation wdth 
hydrochloric acid. The chloride is uncrystallisable, but yields a platinochloride, 
[As(C®H^)(O^Hp®]2PtCl^ in the form of a precipitate consisting of golden-yellow 
crystalline laminse, which may be recrystallised from water (La Coste a. Michaelis, 
Ber. xi. 1884). 

PHlSXarY^X.AZOBIlSTHiriiil.MXBOBlSia’ZOXC acxb, 

C®H®.N=:N.C®H®(C00H)N(0®H^)2. Syn. with Azobenzbnb-diethtlamidocarboxyl- 
BENZENE.(p, 215). Similarly with regard to the corresponding methyl-compound. 
PHXSM'YXiil.ZOPKBXir'SrXiElfl'ZS-AZOPHBM'YXiBBrx: HYBEOXXBE, 

C®H®.N2.C®H‘*.br2.C®H^(OH), formed from potassium-phenol and diazobenzeno, is 
resolved by nascent hydrogen into aniline, paradiamidobenzene, and paramidophenol : 

Q6p[5^]vq-2 06H;4];;f2C6H'‘.OH + 4H2 = + C^H^N^ + C®H’'NO 

(Caro a. Sehraube, Ber. x. 2230). 

PHENYB-BEigrZElvrE SBX.PHB.ZXBE, C^H^N‘‘'H2.S02.C«H^ formed by the 
action of phenyl sulphochloride on phenyl-hydrazine in ethereal solution, crystallises 
in slender white needles, melting at 140°, slightly soluble in ether, benzene, and 
chloroform, easily in hot alcohol. By oxidation with mercuric oxide, it is converted 
kito the diazo-componnd, which Koenigs obtained (^tr. x. 1531) by 

tlie action of benzenesulpbonic acid on diazobenzene (E. Fischer, Uebids Annalcn 
cxc. 132). ^ ’ 

PHEiaVX.-BEBrZOYI.-THXOCiiKBAMXBE, C®H^NH.CS.NH.CO.C‘^H‘> 
See Caebamides (p. 400). 

PHEWYI.-BUTY1.S or BUTYX.-BE3SrZElirES, = C^H^.C^H^ NormaX 
Bhenyl-hutyl, C®H5.(CH“)3 CH», is obtained by the action of sodium on a mixture of 
benzyl chloride or bromide and normal propyl bromide : 

C^H^CH^.Cl -h CH^CH^.OH^Br + Har = NaCl + NaBr -h O^R^(ClS?yCR\ 

The reaction may be carried out on the sand-bath without the use of any diluent 
(Eadziszewski, Ber. ix. 260°). According to Balbiano {ibid. x. 296), normal phenyl- 
butyl is also formed by the action of sodium on a mixture of bromobenzene and 
normal butyl bromide, 

Normal phenyl-butyl is a colourless, strongly-refractive, fragrant liquid, having a 
density of 0*8622 at 16°, and boiling at 180° (cymene boils at 175°-176°) Heated 
wth bromine it yields a substitution-produet, which when distilled gives off’ hydrogen 
bromide and yields two hydrocarbons, one of which is readily polymerised, while the 
other (normal phenyl-butylenej distils without alteration (Eadziszewski) : 

C®H«.CH2.CH2.CH2.CH2Br = HBr + C^^HCCH^.CH^.CH—CH^ 
Bromophenylbutyl, j!S[oriual Phenyl- butylene. 
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PJienyl~i^ohutyl, — Of this hydrocarlxm there are two 

modifications, distinguislied as a and The a-modification is obtained in small 
quantity by the action of sodium on an ethereal solution of the bromides cooled by a 
mixture of ice and salt. It is a transparent colourless liquid, having a fragrant but 
very pungent odour, a specific gravity of 0*8577 at 0°, and boiling at 159°--i61° (J. 
Biess, Ber. iii. 779) sp. gr. 0*89 at 15"^, boiling point 167*5° (Badziszevrski, ibid. 
ix. 260). By oxidation ^th chromic acid mixture, it is converted into benzoic acid. 
Its bromo- and w^zJro-derivatives are uncrystallisable ; the monamido-deTivsLtive does 
not form crystallisable salts. The mljphomc acid crystallises in fine, transparent and 
colourless, rhombic needles ; its barkmi salt in fine white lamince eas<ily soluble in water 
and dilute alcohol, sparingly in absolute alcohol and in ether (Biess). 

^-JPhenyl-isobutyl is formed, with brisk reaction, on treating an ethereal solution 
of phenyl-bromethyl, C®H^CHBr.CH^ with zinc-ethyl. It is a colourless liquid, 
haying a specific gravity of 0*8726 at 16°, and boiling at 170°-172° (Badziszewski, 
loc. cit.) 

I>KEWVIi-BT?T-sriiBWB, The hydrocarhon of this eom- 

position (b. p. 176°--178°), which Aronheim obtained in 1872 by mixing benzyl 
chloride with allyl iodide in ethereal solution (vii, 945), is now regarded by him as 
constituted according to the formula C®H^GH2.CHn.0B[.CH^ and supposed to he 
formed (on the hypothesis of molecular transposition) according to the equation : 

G«H=.CH201 + Na2 + lOH^.CHzxGH^ = GHnzGH.CH^ + NaCl + Nal. 

Its bromide, C'^ff-Br® is converted by oxidation with nitric acid into the phenyl- 
monobromopropionic acid described by Glaser (vi. 470, 962) ; but the success of the 
reaction appears to depend on peculiar conditions (Aronheim). 

normal phenyl-butylene, G'‘HbG®H®, produced as above mentioned, by dis- 
tillation of normal bromophenyl-butyl, boils at 186°, and forms with bromine the 
compound G^^H^^Br-, which crystallises in white needles having a silky lustre, and 
melting at 70°-7l°. On distilling this dihromide with lime, a mass is obtained, 
which after purification exhibits the odour, crystalline form, and melting point of 
naphthalene (Badziszewski, Ber. ix. 260). 

PBBlNrirXi-CACOBirZiZC ACIB, syn. with Diphentl-arsinic acid (p. 1553). 

PHBZO'lirXi-CACOBiri.-CHX.OBXBBS (Di- and Tri-), syn. with Aeseniotts and 
Arsenic Chlorodiphenides respectively (p. 1552). 

PBOPYI.XC, C«H^NH.OO.OC®B[^ is formed by 
the action of aniline in ethereal solution on propyl chlorocarbonate : 

CLGO.OG^H^ 4- = HOI -i- O^H^NH.CO.OC^H^ 

It crystallises in slender needles, easily soluble in alcohol, less soluble in water, melt- 
ing at 57°“59° (H. Bomer, Ber. vi. 1101). 

PHBXa-YXi-CABBAmXBS, NH2.GO.NH(C«H5). On the crystalline form and 
other physical characters of this compound, see Gaebamides (p. 390). 

Bi'phenyl' carbamide . — The symmetrical modification of this compound, 
(C'*H^)HN.GO.NH(0®H®), or carbaniiide, is formed by the action of water on dibenz- 
bydroxamie acid. See Hydroxamic ethers (p. 1080). 

PHBM'YXi-.C ABBOBXXMXBOTHXACBTXC ACXB, G^H^oN^SO^ = 

C“H=.NH.C "^s.cH=.COOH' This acid is formed by the action of monochloraeetic 

acid on aniline thiocyanate, or a mixture of a metallic thiocyanate with aniline. The 
best yield is obtained by heating 1 mol. aniline dissolved in twice its weight of 
absolute alcohol on the water-bath with 1 mol. ammonium thiocyanate and 1 mol. 
chloracetic acid. A brisk reaction then sets in, attended with evolution of gas, and 
crystals separate, increasing in quantity as the liquid cools ; they may he purified by 
repeated crystallisation from absolute alcohol and boiling with ether. The conapound 
thus obtained dissolves easily in hot water, alcohol, and acetic acid, sparingly in 
ether, and crystallises in flattened prisms, apparently orthorhombic, which melt at 
H8°-152°, Its aqueous solution has an acid reaction, but no salt or ethyl-compound 
of it has yet been obtained. The solution is coloured' deep yellow by iron salts, and 
decomposed by prolonged boiling with alkalis and acids. Boiled for several hours 
with sulphuric acid (20 per cent.) it yields phenyl-carbamide and thioglycollic acid : 

+ H^O - OB.%Cm^WO + CH2(SH)(C02H). 

5 H 2 
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The corresponding paratolyl-eom^pound, obtained in like manner by 

heating paratoluidine with ammonium thiocyanate and chloracetic acid, melts at 176°- 
182°, and is resolved by boiling with sulphuric acid into thioglycollic acid and tolyl- 
carbamide (Jager, J. yr, Ghmn. [2], xvi. 1). 

l>HEinrij-CHIiO»ilCETA»HBB, O^Hs.NBt.C^H^ClO. See Acetamides 
(p. 5). 

PHElirTZi-CRESYXiAlVXXM'SS, CsHX0Hs).NH(C°H5). See Tolijidines. 

PHEinrXi-CROTON'XC ACXB, G^°H^®02=C®H®.C®H^.002H. See Cinnamic 
acid, Homologijes op (p. 500). 

PSElfir7Xi-GiriMnrXi-CE.XtBA2^Xl>E, C®HMSfH.OO.KH.C'°H^^ See Cae- 
BAMIDES (p. 392). 

PKEET'S'Xi-BXBSXa'ZAlVXXBE, (C®H®)N(C’^H^O)% analogous to Hofmann’s 
phony 1-di acetamide (vii. 946), is formed by the action of benzoic acid on phenyl- 
thiocarbimide at 130°-150° : fi> 

(C®H»).HCS + 2(CSH*COOH) « (C«HON(C?H5.00)2 + CO^ + H^S 
(Losanitseh, Her. vi. 176). 

PBEinrX.-BXETBirXi-AZON'XTTM SBOMXBE, C®H®.N2H2(C2H®).C2HSBr. 
See Hydeazines (p. 1051). 

C«H\ 

BHEKTYli-BlPHBISrYIiEWrB STTliPHXBE, j \g^ 

C8H‘/ 

appears to be the principal constituent of the higher-boiling portion of the crude 
diphenylene sulphide which Graebe obtained by passing the vapour of phenyl sul- 
phide, (C®)2S, through a red-hot tube filled with iron nails (p. 669). 

PHSXaiTEEIfE-CABBAlMCXBE, C^^HXNH.CO.NH^)^. See CaeBamides 

(p, 392). 

PHEET YEElff'E-BXAMXM'ES, = NH;.C“H^.NH2. Diamidohenzenes.^ 

These bases are obtained by the action of reducing agents on the corresponding 
dinitrobenzenes and nitroamidobenzenes (nitranilines), and by dry distillation of the 
corresponding diamidobenzoic acids (iv. 480; vii. 946). The following are their 
melting and boiling points, those of the Toeta- and ;^( 2 r<z-modifications according to 
Hofmann, those of the ortho-modification according to Griess : 

Ortho Meta Para* 

Melting points 99° 63° 147® 

Boiling points 262° 287® 267® 

Ortho-plienylene-diamine is also produced, {a). From ortho-nitrobromo- 
benzene (p. 176), by heating that compound with alcoholic ammonia, whereby it is 
converted into orthonitraniline, and reducing the latter with tin and hydrochloric 
acid (Zincke a. Sintonis, Ber, vi. 637). (5). From metabromorthonitranilino, 

C^.HH^.NO^.H.H.Br.H (p. 199), by reduction with tin and hydrochloric acid, and 
treatment of the resulting bromodiamido-benzene with sodium-amalgam (Wurster, 

p. 201). 

Orthophenylenediamine is converted, by the action of a dilute solution of potas- 
sium nitrite slightly acidulated with sulphuric acid, into amidazo-phenylene, 
C®H^N®, which crystallises in white nacreous needles melting at 98'5® (Ladenburg, 
B&r. ix. 219). 

-[yr nr 

MethenylH3‘phenyle7iediamine^ C^HW = C®H'*<^ ^ ^CH, is obtained by 

heating o-phenylene diamine with formic acid for four hours in a flask connected 
with an upright condenser. It is a white crystalline body which melts at 167°, and 
boils at 360°, dissolves in alcohol, water, and acids, and is precipitated from acid 
solutions on the addition of ammonia. The hydrochloride, sulphate, nitrate, and 
acetate are extremely soluble in water. The hydrochloride has the composition 
C^'H^N^.HCl + H^O. Thti ^latinochloridey (C^H®br^.HCl)^PtCl‘*, crystallises with 2mols. 
water, which it gives off at 100°. The aiiroohloride, C’H®N-.HOLAuCP, separates 
from solution in dilute hydrochloric acid in feathery groups of yellow anhydrous crys- 
tals (E, Wundt, Ber, xi. 826). 

* The base melting at 63° was formerly regarded as the para-^ and the base melting at 147® as 
the meto-modification (vii. 947) ; but recent investigation having shown that ordinary dinitrobenzene, 
from which the former is derived, is a meto-compound (p. 175), it follows that the original designa- 
tions of these two bases must be reversed. 
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Ethenyl-o-phenylene-diamine, = prepared by 

boiling orthophenylenediamine -with glacial acetic acid, melts at 175°, and distils 
without decomposition (Ladenburg, Ber. viii. 677). 

^Broyenyl-'pTienylenediamine^ prepared by beat- 

ing propionic acid with orthophenylenediamine, melts at 168*5'^“169°, and boils above 
360°. It is very soluble in alcohol, ether, and acids, and is deposited from its 
aqueous solution in thin plates. All its salts, except the pierate, are very soluble in 
cold water. The pierate, is deposited fiom a hot saturated 

aqueous solution, on cooling, in yellow needles (Wundt). 

Anhydrobenzoyl-phenyhenedia^nine, i s 

formed by the action of hydrogen on orthonitrobenzanilide : 


^ NH— CO— C‘H 




+ 3 H> 


3 H=*0 + 




OT— 0-C®H‘ 




Fuming nitric acid converts it into a mononitro-derivative, which is but feebly basic, 
melts at 196°, dissolves easily in hot alcohol and glacial acetic acid, and crystallises 
from the alcoholic solution in granular groups of needles. With tin and hydrochloric 

acid, it yields the hi- acid base, which sepa- 

rates from a saturated alcoholic solution in dense white granules, melting at 245° 
(Hiibner a. Stover, Ber. vii. 1314). 

Amylanhydrohenzoyl-^henylenediamine, ^C.C®H^ is 

obtained as a hydriodide by heating the preceding compound with excess of amyl 
iodide at 180° (another compound crystallising in white laminae, insoluble even in hot 
water, being formed at the same time). The free base crystallises from alcohol in 
microscopic rhombic plates, melting at 270°. Its Salts are crystallisable (Sennewald, 
Ber. ix. 776). 

EthylmihydrohenzoyUphenylenediamine, is formed in 

like manner together with another compound. It is moderately soluble in water ; its 
hydrochloride and basic sulphate crystallise in needles (Sennewald). 

Metapbeuylenediamiue is formed by reduction of ordinary dinitrobenzene, 
and by distillation of either of the three metadiamidobenzoic acids (p. 273). It occurs 
also as a bye-product in the manufacture of aniline (p. 210). Boiled for five or six 
hours with oxalic acid and alcohol, it is converted into phenyl ene-oxamic acid, 
NHlC“H^.NH.CO.COOH (p. 1457). 

Chloro-^ylienylenediamine, C®.NH^.H.NH^.C1.H“, melting at 86°, is formed by the 
action of tin and hydrochloric acid on the corresponding dinitrochlorobenzene (m. p. 
50°), p. 183 (Beilstein a. Kurbatow, Ber, xi. 1939). 

NitrocMoro-m-yhenylenediamine^ C^.NH^.NO^.NH-.H.Cl.H, is formed by the action 
of alcoholic ammonia on nitrochlorobenzene, O^.CL.lSrO-.Cl.H.Ol.H (m. p. 68°), (Beil- 
stein a. Kurbatow, Ber. xi. 1978). 

Tetrameihyl-m-phenylenediamine, (OH;3)2hr.06H:^N(CH3)2, is formed by the action of 
methyl alcohol and hydrochloric acid on metaphenylenediamine, and separatus from 
the resulting solution on addition of caustic soda, as an uncrystallisable oil having a 
peculiar odour and boiling at 256° (corr.) Its hydrochlorideiovms hygroscopic crystals. 
The free base unites with methyl iodide to form the compound (CH®)^]®.COT + 

H^O, which dissolves freely in water, but is less soluble in alcohol ; it melts at 192° 
with decomposition into its” constituents. Tetramethylmetaphenylenediamine forms a 
liquid dihromo-co 7 nfound. and is converted by the action of nitric acid on its acetic 
acid solution into the nitrosamine of trinitrotrimethylmetayheiiylenediamme, 
G®H(NO'‘^)®N^(CH®)^NO, a yellow crystalline body, which dissolves in alcohol and in 
benzene, and melts at 132° (Wurster a. Morley, Ber. xii. 1814). 

ParapHenylene diamine is formed : a. By the action of dry hydrogen chloride 
at 180° on paramldodimethylaniline : 

C«H^(NH2)N(OH»)^ + 2HC1 - + 2CH3Ci. 

a. As hydrochloride, together with the tin salt of diarnidodiphenylcarbamide, 
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C0(NH.G®E[-‘,NH-)^.2HCLSnCP, by tbe action of tin and hydroebloric acid on the 
nitro-prodnet (chiefly dinitrocarbanilide), obtained by the action of nitric acid on 
carbanilide. The hydrochloride of the phenylene-diamine is more soluble than the 
tin salt just mentioned (H. Schi&f Liebig’s Amialen, clxxxix. 157). 7. By reduction 
of nitraniline from nitraeetanilide with tin and hydrochloric acid (Biedermann a. 
Ledonx, p. 210). 

Paraphenylene- diamine melts, according to Hofmann, at 140°, but according to 
Biedermann a. Ledonx, the perfectly pure base obtained by dry distillation of the 
hydrochloride with sodium carbonate, melts at 147° (p. 210). 

'Reaction with Oalciitm Hy'poGklorite.-~V^hm. a solution of paraphonylenediamine 
hydrochloride slightly acidulated with hydrochloric acid is quickly stirred into an 
excess of a solution of bleaching powder (1 mol. of the hydrochloride to 3 mols, 
chlorine), a yellowish-white precipitate separates out, having the composition of 
dichlordiimidobenzene, C‘*H^CPN2 = C®H-(CP)(NH)2. This compound is soluble 
in alcohol, ether, benzene, and glacial acetic acid, sparingly in hot water. When 
slowly heated in an oil-bath it detonates at 124°, but if rapidl]! heated it may be 
melted without decomposition. By the action of reducing agents it is reconverted 
into phenylenediamine hydrochloride. Hydrochloric acid of sp. gr. 1*2 converts it 
into a substance which has the composition C'^H^OBN- or C^H^'CBN- ; crystallises in 
pale-red needles ; is insoluble in water and in cold hydrochloric acid, but dissolves 
&eely in alcohol, benzene, ether, and glacial acetic acid ; and is converted by nitric 
acid into tetrachloroquinone (chloranil), which is likewise produced bypassing 
chlorine into a solution of*paraphenylene-diamine in glacial acetic acid. 

Hydrobromic acid appears to act on dichlorodiimidobenzene similarly to hydro 
chloric acid. 

Bichlorodiimidobenzene, dissolved in glacial acetic acid and treated with bromine 
and water, is converted into dichlorodibromoquinone, C^Cl-Br^O^, which sepa- 
rates in rhombic plates : 

2Br2 + 2H20 = 2HH-*Br + CsCBBr^O^ 

(A. Krause, Her. xii. 47). 

Miitro-p^henyUnediamines, C«H2(]Sr02)2(NH2)2.— Biedermann a. Ledonx obtained 
a body^ of this composition by heating diaceto-p-phenylenediamine with alcoholic 
ammonia : it crystallised in red needles melting at 294° (p. 23 0). Another modifica- 
tion (distinguished as A), firsc observed by Clemm (J. y;r. Chein. [2], i. 145), is pro- 
duced by heating [1 : 2 * 4 : 6] trinitraniline (picramide, p. 198) with alcoholic 
ammonium sulphide at 130°. It crystallises in long slender rod needles melting at 
210°. It unites with hydrochloric acid, forming the compound C'^H'^N^ObHCl, which 
however is decomposed by water. By the action of acetyl chloride it is converted 
into the diacetyl-compound, C®H‘‘(C”H30)2N‘0b which crystallises in slender bright 
yellow needles melting at 245° (Norton a. Elliott, Her. xi. 327). 

Dimethylpaeaphentlenediaminb, C3H^‘'2N- - NH2.C‘*HkN(CH=*)“ 
[NH^ : N(CH^)2=- 1 : 4]. This base is prepared by the action of tin and hydrochloric 
acid on nitrosodimethylaniline (p. 1309), (Schrauhe, Ber. viii. 616; Wurstor, 
xii. 522), or on tetramethyldiamidazoxyhenzene (Schraube) ; also by similar roduclion 
of nitrodimethylaniline (A, Weber, ibid. x. 760). To obtain the pure base, Wurstor 
gradually adds the tin salt, which is the immediate product of the reaction, to an 
excess of warm soda-ley, whereupon the base separates as a brown oil which may bo 
dried over calcinm chloride and distilled, the distillate on cooling depositing the base 
in ciystals, which may he pressed between paper and dissolved in a small quantity of 
warm benzene. On cautiously adding warm petroleum ether to this solution, an oil 
separates out containing all the impurities, and on subsequently adding cold petroleum- 
ether, the pure dimethyl-phenylenediamine separates in long white needles resemblino* 
asbestos. ® 

Bimethylparaphenylenediamine melts at 41° and boils at 257°. When pure it 
does not change on exposure to the air, hut the impure base turns red or violet. It 
dissolves freely in water, alcohol, benzene, and chloroform, but is less soluble in ether 
and in light petroleum. 

When a 10 per cent, solution of bromine in glacial acetic acid is added to a some- 
what more dilute solution of dimethylparaphenylenedia-mine in the same solvent a 
green substance is precipitated, which has the composition C^H^N^Br. The precipi- 
tate must be thoroughly washed with glacial acetic acid and with anhydrous ether 
and may be rapidly recrystallised from hot alcohol, from which it is deposited in 
green scales, having a metallic lustre and melting at 1 46°. The aqueous and alcoholic 
solutions of this substance exhibit a deep red colour, which is destroyed by exposure 
to the air or by the addition of sulphurous acid (Wurster a. Sendtner, Ber. xii 1803) 
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Aceiylr-dimetJiyl-pamphenylenediamine, prepared by 

treating the base with, acetic anhydride at ordinary temperatures, or boiling it with 
glacial acetic acid, crystallises in white needles or plates, melts at 130®, boils with 
slight decomposition at 355®, and dissolves in benzene, alcohol, and hot water 
(Wnrster). 

‘Dimethyljyarayhenylenediamine-oxamiG acid, 

ciohi2]s-203 = (ch3)2n.c«b;^nh.co.coob 

The ethylic ether of this acid is obtained, together with diparamido-dimethylphenyl- 
oxamide, by heating 1 mol. dimethylparaphenylenediamine with rather more than 
1 mol. ethyl oxalate, treating the product with ether to remove the excess of ethyl 
oxalate, and digesting the residue in warm alcohol, which dissolves out the oxamic 
ether, and leaves the phenyl-oxamide. 

^ The acid, crystallises in grey needles or plates which dissolve freely in 

boiling water, but >nly sparingly in boiling alcohol, and melt with decomposition at 
192®. ethylic ether crystallises in yellow needles or plates, melts at 11 7°3 dis- 
solves in hot water and hot alcohol, also in acids, forming crystalline salts. On adding 
alcoholic ammonia to an alcoholic solution of this ether, monoyammido-dimethylyhenyl- 
oxamide, (CH^)2N.C®H^.NB[,CO.CONH-, crystallises out. This substance melts at 
257°--259°, dissolves in hot benzene, and unites with acids forming crystalline salts 
soluble in hot water (Sendtner, Ber. xii. 530). 

Bipaxamidodimethyl'phenyl-Qxamide, [CONH.C®H^.hr(CH®)2]% forms a yellow 
crystalline powder which does not melt when heated to 270®. It is soluble in boil- 
ing benzene and chloroform. Its salts dissolve readily in water. 

When a solution of ethylic dimethylparaphenylenediamine-oxamate in dilute 
hydrochloric acid is treated with sodium nitrite^ a yeUowish-red nitro-product, 
(CH^)“N.0®H^(N02).NH.C0.C00C'H®, collects on the surface. This substance, when 
recrystallised from acetic acid, forms red needles melting at 152®, freely soluble in 
benzene, less soluble in ether and in boiling water. On reduction with tin and 
hydrochloric acid, it yields oxalic acid and dimethyitriamidobenzene, 
which crystallises in colourless prisms melting at 42®- 
44°, boils at 298°, dissolves in water and in petroleum-etlier, and forms an acetyl- 
derivative crystallising from water in transparent prisms or plates which contain 
1 mol. H'O, and begin to melt at 82°, resolidify at 120®, and then melt at 153®. 
From benzene anhydrous crystals are obtained which melt at 163® (Wurster a. 
Sendtner, Ber. xii. 1804). 

Bimethylyarayhenylenediamine-carhamides. — The dicarbamide, 
CO[lSrH.C®H‘.N(OH^)‘‘^]“, is formed by heating 1 pt. of urea with 4 pts. of dimethyl- 
paraphenylenediamine at 130®-! 50° for three hours. The crude product is washed 
with alcohol, and purified by conversion into the sulphate. The dicarbamide crystal- 
lises in long needles soluble in boiling acetone. It melts with decomposition at 262®. 
The sulyhate, C^^H-“N‘‘O.H^SO^, is sparingly soluble in water; the hydrochloride, 
C''H2“N40.2HC1, is very soluble. 

The mono carbamide, NH“.CO.NH.C®HbN(CH^)^ obtain-^d by mixing solutions 
of potassium cyanate and dimethylparaphenylenediamine, forms large white needle- 
shaped crystals (melting at 179®), soluble in boiling water. The sulphate and 
hydrochloride are easily soluble (F. Binder, Ber. xii. 535). 

The thiodicarbamide, GS[NH.C®H-*.N(CH3)2]2 obtained by boiling the diamine 
with carbon bisulphide, is a white crystalline powder, melting at 186'5°, soluble in hot 
benzene and hot alcohol. The hydrochloride, O^^H^N'‘S.2HCl, is a white powder 
soluble in alcohol. The acetyl-derivative, obtained by heating the thiocarbamide with 
acetic anhydride on the water-bath and then adding alcohol, crystallises on cooling in 
white nacreous laminse melting at 71° (A. Baur, Ber. xii. 533). 

Sulphuretted Colouring Matters derived from Dimethylparaphenylenediamine (A. 
Koch, Ber. xii. 692-595). — The blue colouring matter formed by treating dimethyl- 
paraphenylenediamine first with sulphuretted hydrogen and then with ferric chloride 
(p. 211) may be precipitated by zinc chloride, and purified by dissolving it in water 
and reprecipitating with zinc chloride. When hydrochloric acid is added to an 
aqueous solution of this blue compound, dark blue plates having a strong metallic 
lustre slowly separate out. These crystals, after drying at 110°, have the composition 
^ith to 4 mol. H^O. This compound is soluble in wafer and 
alcohol ; it is bleached by reducing agents, and precipitated by potassium dichromate, 
zinc chloride, and mercuric chloride. When sulphuretted hydrogen is passed through 
its ammoniacal solution, a yellow precipitate is formed, which turns green on exposure 
to the air. 
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On evaporatiBg the liquid from -which the original blue colouring matter has been 
precipitated by zinc chloride, bronze-coloured needles separate out, having the com- 
position Ci«B:i8N^.S*.2HCl.ZnCP + 2H30. This substance is soluble in water and 
alcohol. It is precipitated by mercuric chloride, and bleached by alkalis. 

The formation of the original blue compound is represented by the equation 
+ + and that of the bronze -compound by the 

equation 20^^^ + = + 7H=0 (A. Koch, Ber. xii. 592). 

Teteamethylpaeaphenylene-di AMINE, (CF^)2N.C°H'‘.N(CH®)^ which 
Hofmann obtained, together with other products, by the action of methyl iodide on 
the dimethylated base (iv. 481) is also produced by heating a mixture of dimethyl- 
paraphenylene-diamine with methyl alcohol and hydrochloric acid in sealed tubes, 
first at 180°, afterwards at 200°. On adding soda to the crude product, an oil 
separates out, which, when purified by distillation and crystallisation from dilute 
alcohol, deposits tetramethyl-paraphenylene-diamine in white plates. This base melts 
at 51°, and boils without decomposition at 260° ; dissolves in hot water and the 
other ordinary solvents. Oxidising agents colour its solutionf deep blue. The 
hydrochloride, sulphate, and platinochloride dissolve readily in water (Wurster, Ber. 
xii. 526). 

By the action of bromine on a solution of tetramethylparaphenylenediarnine in 
acetic acid, an unstable blue compound, is formed, which may be obtained in 

the form of a microscopic crystalline precipitate by adding ether to the mixture ; its 
solution in water and in alcohol has a deep blue colour, which is destroyed by 
sulphurous acid. The substance can also be obtained as ferrocyanide, by adding 
potassium ferricyanide to tetramethylphenylenediamine sulphate, -l- 

H®F620y‘“~C^°H'-*N2.H^FeCy‘* + B[^PeCy®. The ferrocyanide forms blue needle- 
shaped crystals, having a metallic lustre. 

By the action of sodium nitrite on tetramethylparaphenylenediamine, trimethyl- 
yhenylenediaminenitrosamine is obtained, and a blue colouring matter is produced, 
which, however, has not been isolated. The nitrosamine crystallises in greenish- 
yellow plates (m. p, 98°), soluble in benzene, chloroform, ether, and hot water. On 
reduction with tin and hydrochloric acid, it yields trimethylparaphenylenediamine, 
]Sr(CH^)-.C®H^NH(CH^), an oily liquid (b. p. 265°), sparingly soluble in water. The 
acetyl-derivative crystallises in hydrated prisms melting at 78°. The anhydrous 
crystals melt at 95°. 

When an excess of sodium nitrite is added to an acid solution of 
tetramethylparaphenylenediamine, nitrotrimethylyaraphenylenediamine-nUrosamine, 
H(CH^)-.0‘F^[N(CH^.HO)(NO-)], separates out in orange-coloured needles molting 
at 87°, soluble in benzene and chloroform, but insoluble in water. On reduction 
with tin and hydrochloric acid, this compound yields trimetkylinamidohcnceoic, 
K(CH^)-.C°H^[NH(CE®)],NH^ which crystallises in white needles, melts at 90°, 
boils at 294°, and dissolves in water. Its diacetyl-derivative crystallises in white 
plates melting at 184° (Wurster a. Schobig, Ber. xii. 1807). 

The formation of the red and blue colomung matters obtained by the action of 
oxidising agents on di- and tetramethylparaphenylenediamine respectively may be 
represented, according to Wurster (Ber, xii. 1803) by the following equations ; 

+ 31“= HBi- + (CHnN<'*i'®XNH“Br 

Eimetbylpara- \ CJi ^ 

phenylenediamine. 

(Off)“N.C'H^.N(OH»)“ + Br“ = (CH»)N<?S>N(CH“)=Br + HBr 

Tetramethyl- 

p-phenylenediaanine 

BiSXJCCINYL-PAEAPHENYLEN-EDI AMINE, = G®H‘‘(N.OW.C2H^)* 

(E. Biedermann, Be7\ ix. 1668). This compound is obtained by heating a mixture of 
paraphenylenediamine and succinic acid at 200° for about half an hour : 

C®HXHH2)2 + 2C2H\OOOH)2 = 4H20 + CsH^CN.O^O^.O^H^)^. 

On boiling the fused mass -^rith water, the succinyl-derivative remains as a sul^stance 
slightly soluble in hot glacial acetic acid, and separating from this solution on cooling 
in small shining crystals. The best solvent for recrystallising it is fuming nitric 
acid. 

Disuccinylphenylenediamine melts at a temperature above the range of the 
mercurial thermometer, and may be sublimed from a red-hot platinum crucible in 
white shining needles. It does not unite either with bases or with acids. By boiling 
with potash-ley, it is resolved into phenylenediamine and succinic acid. By a mixture 
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of strong nitric acid and strong snlplniric acid or phosphoric anhydride, it is converted 
into a yellow nitro-componnd. 

An action similar to that of succinic acid is exerted upon paraphenylenedi amine 
by succinic anhydride and succinyl chloride. Phthalie anhydride and hydroxy-acids, 
salicylic acid, for example, appear also to act in like manner on para- and meta- 
phenylenediamine. 

PHEMTVI.EM'B-KETOMriC COMPOXTIS'ES (Qabriel a. Michael, Bar. x. 
1659, 2199). Ettiineortliopheiiylenecliketone or Etlxlnediphtlxalyli 

= c=h<<°q>oh— ch<;;^q>c«h‘, 


is formed by heating a mixture of phthalie anhydride and succinic acid with sodium 
acetate, the mixture being kept in a state of fusion as long as carbon dioxide continues 
to escape : 

2C89;403 4- == 0^821004 + 2002 + 2H20. 

On dissolving the residue in nitrobenzene, -the diketone crystallises out in yellow 
needles melting at a temperature above 300°. When a solution of this compound in 
acetic acid is heated with bromine at 100° in a sealed tube, a molecule of water is 
taken up, and two of the hydrogen-atoms are replaced by bromine, producing the 
compound * 

which is decomposed by fusion with alkalis. 

Pbenylene - etbyleneketone - carboxylic, or Ethylene - benzoylcarb- 
oxylic acid, 

C.8HU0* = 

(Gabriel a. Michael, Ber. x. 2199), This acid is formed by the action of boiling dilute 
potash-ley on ethine-diphthalyl, and is precipitated from the resulting 

solution by hydrochloric acid : 

0«H<CO^CH-CH<°g>C«H^ . 2WO = C«H^<ggo°| •™ggg>C«H‘ 


When fused, it gives ofP 1 mol. water and yields an anhydride which melts at 228°- 
230°. Heated to 163° in a sealed tube with hydrogen iodide and red phosphorus, it 
exchanges 0^ for 2H2, and is converted into ethylene-benzyl carboxylic acid: 




melting at 196°“198°. Bfmnina converts it into dibromethylenebenzoyl-car- 
boxylic acid, C^^H^-Br^O®, which crystallises in long white prisms and melts at 
270°-272°. By sodium-amalgam, ethylenebenzoylcarboxylic acid is converted into 
the anhydride of ethylenebenzhydrylcarboxylic acid: 


.OHvOH2— CH2-pCHv 
>0 

\co/ \oo/ 


which forms long needles having a silky lustre and melting at 208°-210°. 

PHEZa"SrEEErE-OXA3MCXC iLCXB, HH^.C^HhNH.G^O^.OH [1 : 3]. See 
OxAMic Acids (p. 1457). 

PKEETITE-ETEIER, SXTEPHOPKOSPHBWYEIC. See Thiophosphentlic 
Ethers. 

PKEX7YE-ETHYE AECOHOES AXTB ETHERS. Brimary Phenyl- 
ethyl Alcohol, C®H®.CH2.CH20B[, is formed by the action of sodium-amalgam 
(2 p. c. Ka) on an alcoholic solution of phenylacetaldeh 3 ^de, COH (prepared 

by distilling a mixture of the calcium salts of phenylacetie and formic acids) the 
liquid being neutralised from time to time with sulphuric acid. It is a colourless 
liquid having a sp. gr. of 1-0337 at 21°, boiling without decomposition at. 212°, 
and oxidised by chromic acid mixture to phenylacetie acid. The acetate, 
C®H®.CH2.0H2.0(C2H®0), obtained by heating the alcohol witli acetic anhydride at 
150°, is a colourless liquid having a strong but agreeable odour, a sp. gr. of T0286, 
and boiling without decomposition at 224°. Treated with aqueous potash and a 
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email quantity of alcohol, it yields potassium acetate and phenylethyl alcohol 
(Badziszewski, Ber, is. 372). 

Secondary Bhenyl-ethyl Alcohol or Acetophenonic Alcohol, 
(b. p. 202°-203®), formed by the action of sodium-amalgam on a 
dilute alcoholic solution of phenyl-methyl ketone, has been already described (vii. 936). 

Ead 2 dszewski {Ber. vii. 140) prepares it hy^ dissolving the corresponding bromide 
{infra) in twice its volume of glacial acetic acid, and mixing it with twice the quantity 
of dry silver acetate. The mixture becomes hot, and yields — together vdth silver 
bromide and a small quantity of cinnamene — secondary phenyl-ethyl acetate, which 
may be dissolved out from the silver bromide by prolonged washing with glacial 
acetic acid. This ether, warmed with aqueous soda-ley containing a little alcohol, 
yields secondary phenyl-ethyl alcohol boiling constantly at 202°-204°, and converted 
by oxidation into phenyl-methyl ketone. 

Secondary Bhenyl-ethyl Bromide on Bromethyl^henzene, C®H®,CHBr.CH® (v. 1057; 

vi. 292), is obtained : 1. By the action of bromine on ethylbenzene at 140®, and may 
be purified by washing^ drying, and cooling in a freezing mixture, whereupon the 
styryl bromide, C^E^OHBr.OH^Br, formed at the same time, crystallises out (Eadzis- 
zewski, Ber, vi. 492; comp. Berthelot, Compt. rend. Ixvii. 328). 2. By passing 
hydrogen bromide into cooled secondary phenyl-ethyl alcohol, to which a small 
quantit}^ of calcinm chloride is added to take up water formed at the same time. The 
product, freed from excess of hydrobromic acid by shaking with water, is a brown- 
yellow liquid which fumes and gradually becomes darker on exposure to the air, and 
cannot be distilled without considerable decomposition (Engler a. Bethge, Ber. 

vii. 1125). The acetate, obtained from it by means of silver acetate, is converted 
by saponification into secondary phenyl-ethyl alcohol. The bromide, heated with an 
alcoholic solution of potassium cyanide, yields cinnamene, metacinnamene, and — 
together with other products not yet examined — a small quantity of a nitril con- 
vertible by caustic potash into a liquid acid (Kadziszewski, ibid. 140). A mixture of 
phenylethyl bromide and ethylbenzene heated with zinc-dust yields the hydrocarbon 

QiQjpis _ which when oxidised yields, as chief product, 

parabenzoylbenzoic acid, together with terephthalic, benzoic, and carbonic acids, 
and a ketonic compound, G«H^OO.CH-.C«H‘.C'Hs or C°H'>.CmCO.C«H‘.0“H^ which 
crystallises from ether in rhombic prisms melting at 120®, and smelling like fungi 
and bergamot oil (Eadziszewski, Ber. vi. 494, 811 ; vii. 142). 

PH3ESIffYI.ETHYI.SUI.l»KOIffIC ACID, C^HISO^H. Cinnamene, C»H«, 
treated with acid sodium sulphite, yields crystals consisting of the sodium salt of a 
phenethylsulphonic acid ; but whether the acid thus produced contains primary or 
secondary phenyl-ethyl has not yet been ascertained (W. Miller, N. Rep. Pharm. 
xxiv. 1). 

PKElirVX.-FirRrUEA.ZXEE, See Htdrazikes (p. 1054). 

PKEirVE-GIiVCERVXi AZCOHOZ. or PHEirVZ.-GEVCEROE, = 

C^H'*(C®H®)(OH)^ and ETHERS (Q-rimaux, Bull Soc. Chim. [2], xx. 48). When 
bromine (1 mol.) dissolved in chloroform is added by drops, so as to avoid heating, to 
a chloroform solution of cinnyl alcohol, styryl alcohol, or styrone, C^H”.OH (i. 992 ; 
V. 447), and the liquid is then left to evaporate, phenyl-glyceryl-dibrom- 
hydrin, stye eryl-bromhydrin, or styrone dibromide, CWBr-.OH or 
C®H^.CHBr.CHBr.CH“OH, separates out as a hard crystalline mass, which, when 
purified by pressure and slow crystallisation from ether, forms broad white shining 
laminse or groups of slender needles. It melts at 74°, is insoluble in water, but dis- 
solves readily in alcohol and ether. 

Phenyl-glycerol,Phe noglycerin, or Stycerin,C®H®.CHOH.CHOH.CH”OH, 

is formed, together with small quantities of other products, by boiling this dibrom- 
hydrin with water for twenty-four hours. The formation of the secondary products 
may he avoided by conducting the saponification in presence of silver acetate, so as to 
remove hydrobromic acid as fast as it is formed, then filtering, treating the filtrate 
with hydrogen sulphide, again filtering, concentrating the filtrate, and finally leaving 
it to evaporate in a vacuum. The phenyl-glycerol thus obtained is a gummy, light- 
yellow, bitter substance, easily soluble in water and alcohol, nearly insoluble in other. 
It does not appear to alter in contact with the air, but its solution becomes brownish 
during evaporation. It decomposes when distilled. By distillation with formic acid, 
it yields carbon dioxide, water, and a thick oil (perhaps diphenyl-diallyl), boiling at 
about 300®. 

Phenyl - glycerylacetodihromohydrin or Styceryl - acetodibromohydrin. 
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C®H®.CHBr.CHBr.CH-(OC-H=^0), obtained by heating styceryl dibromhydrin with 
acetyl chloride, evaporating the product over the water-bath, and crystallising it 
from ether, forms oblique prisms having a pleasant odour of fiowers, soluble pn 
alcohol and ether, melting at 85°~86°. Heated for twenty-four hours at 100° with 
silver acetate and glacial acetic acid, it yields, together with silver bromide, an 
amorphous body soluble in ether, which appears to he the corresponding trlaoetm. 

Phenyl-glyceryl-tribmnhydrin or Stycei'yl-^nbromliydrm, C®H®.CHBr.CHBr.CH^Br, 
is formed on repeatedly distilling the dibromhydrin with strong hydrohromie acid, 
and passes over into the receiver ; also on atong bromine to a solution of styryl 
bromide in chloroform. It crystallises in small shining needles, melts at 124°, 
dissolves sparingly in alcohol and ether, more readily in cnloroform. 

The chlorodibromhydrin, C^H^.CHBr.CHBr.OH^Cl, is obtained by adding bromine 
to styryl chloride, C^H^.OHzziGH.CH^Cl (v. 447), and crystallises from ether in 
translucent laminae, moderately soluble in chloroform, sparingly in cold ether, and 
melting at 96*5°. 

^ 0H2.HH(G®Hs) 

PHBIffTZi-GXiVCOCXM'E, = | . This compound, which 

COOH 

Michaelson a. Lippmann obtained by the action of aniline on bromacetie acid (vi. 644), 
is also produced from aniline chloracetate by prolonged heating with water and 
aniline (Schwabel, Ber. x. 2045), and apparently when phenylamidacetonitril, 
NC.GH2.]SH(C®H®), is heated with strong potash-ley (Engler, Ber, vi. 1004). 

Phenyl-glycocine melts at 126°-127°, and when heated to 140°-150°, gives off 

CH\ 

1 mol. water, and is converted into the indifferent compound ^N(G®H^) (P. T. 
Meyer, Per, viii. 1152). 

Phenyl-glycocine dissolves recently precipitated cupric hydrate with deep green 
colour ; the oxides of silver and mercury are not dissolved by it. With oneTourio 
chloride and stannoiLS chloride it forms white precipitates (Schwebel, Ber. x. 2045). 
Heated with excess of aniline, it yields needle-shaped di phenyl ox ethylene - 
carbamide, melting at 110°~111°, together with small quantities of ethylic 
phenylaraidoglycollate, GH".NH(C®H^) — GOOG-H^ melting at 57°-58°. 
Met hylic phenylamidoglycollate, GH-.hrH(0®H^) — GOOCH®, formed in like 
manner, crystallises in needles or prisms melting at 48° (Meyer). 

Bheoiylo.midoglycollamidc, CH“.NH(C®H®).COHH®, melting at 133°, is 
formed by heating monochloracetamide and aniline in molecular proportions, till the 
former melts. BhenylamidoglycoUanilide, CH®.NH(C®H*).CO]SrH(0®H®), produced in 
like manner from monochloracetanilide and aniline, melts at 110°-! 11°; yhenyl- 
amidoglycollotohddide crystallises in needles melting at 171°-l72° (Meyer). 

Phenyl-glycocine, heated with urea to 155°, is converted into phenyl-hydantoin 
(p. 1046) ; and the same conversion is effected by heating it to 40° in aqueous solution 
with potassium cyanate and ammonium sulphate (Schwebel). 

PHEJiffYIi-GaCiircoii, = C®H®(OH)®=C®H®.CHOH.OH®OH. BhenyU 

ethylene Alcohol, Biyrolene Alcohol, Cinnamene Alcohol-~--ThiB diatomic alcohol is 
prepared from styrolene dibromide, C«H®.CHBr.CH‘-Br, by means of silver nitrate or 
potassium acetate in acetic acid solution, or with potassium acetate or silver benzoate 
in alcoholic solution, and subsequent saponification of the corresponding ethers.^ It is 
very soluble in water, alcohol, ether, benzene, and glacial acetic acid, and is best 
purified by crystallisation from a mixture of benzene and ligroi'n, in which latter it is 
hut sparingly soluble. It melts at 67°-68°, and can be sublimed. The diacetaie, 
C®H®.GH(0C^H®0).GH®(0G®H®0), prepared from the glycol^ by the action of acetic 
chloride or anhydride, is an oily liquid haying a very faint aromatic odour; the 
dihenzoate, prepared in like manner, crystallises in slender, white, scentless needles, 
melting at 96°-97° (Wachendorff a. Zincke, Ber. x. 1004). 

Products of Oxidation of Phenyl-glycol (HunSus a. Zincke, Bei\ x. 1486). 
By chromic acid and ^otamum 'permanganate, phenyl-glycol is converted into henz- 
aldehyde, together with formic or carbonic acid ; by nitric acid, on the other hand, 
first into henzoyl-carbinoi and then into benzoyl-formic acid. With nitric 
acid of sp. gr. 1*35-1 '38, the reaction takes place at ordinary temperatures, and on its 
completion, which for the preparation of benzoyl-earhinol takes place in a com- 
paratively short time, the crude product is purified by treatment with sodium 
carbonate and the carbinol is extracted with ether. 

(1) BenzoyUcarbinol, G^Hs.CO.GH^OH, crystallises from alcohol or ether in 
six-sided plates, from water or dilute alcohol in shining hydrated lammse, from 
ligroin in prisms. The hydrated crystals melt between 73° and 74° ; tbe anhydrous 
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crystals betwesn 85*5® and 86® j they are partly decomposed by ■volatilisation, and 
form crystalline compounds with, alkaline bisulphites. On ammoniacai silver solu- 
tion and alkaline copper solution, benzoyl carbinol exerts a strong reducing action, 
attended with precipitation of metallic silver and cuprous oxide respectively. The 
ojcctdte. O*’H^C0.CH2.0C-H^O, prepared by the* action of acetic anhydride on the 
alcohol, or by the action of potassium acetate and ethyl alcohol on bromacetophenone 
(p. 1150), crystallises from ligroin in colourless shining rhombic tablets, melting 
at 49®-49-5®, easily soluble in alcohol, ether, and chloroform. The henzoate, 
C®H^.C0.CH“.0C'H®0, obtained in like manner with benzoic anhydride, crystallises 
from hot dilute alcohol in small tablets, melts at 117®-117'5®, and dissolves readily 
in ether, chloroform, and benzene. The same benzoic ether is obtained from brom- 
acetophenone, C®H*.CO.CH'Br (p. 1150), by means of silver benzoate and toluene. 

(2). Benzoyl-formic acid, G®H^CO.COOII, prepared as above described, forms 
a harium salt, (C‘*H®.CO.OO*)-Ba, ciystallising in prismatic laminae. The silver salt, 
C^H^.CO.COOAg, crystallises from water in small flat needles or acuminated tablets. 
The same acid appears to be formed by the action of nitric aciri on mandelic acid, 

PBENYl^GXiYOXAIiZC and PKEafOXiriiZC ACXBS. These are two 
isomeric acids obtained by the action of acids on benzoyl cyanide, and represented 
by the formula C®H®.CO.COOH. 

Bheny I gly oxalic acid, discovered by Claisen [Ber, x. 429, 844, 1663), is pro- 
duced by treating benzoyl cyanide at ordinary temperatures with twice its weight of 
hydrochloric acid (sp. gr. 1*19). The cyanide then gradually dissolves, with forma- 
tion of the amide of phenyl-glyoxalic acid, and afterwards sal-ammoniac and oily 
phenyl-glyoxalic acid separate out : 


and 


C»H®.OO.CN + = C«mCO.CO.NH^ 

C«Hs.OO.CO.NH2 + + HOi = NH^Cl + C«mOO.COOH. 


The latter is taken up by ether, and purified, after expulsion of the other, by dis- 
solving it in potassium carbonate, shaking the solution with ethor (which bikes up 
any undecomposed amide that may still be present), then acidulating and again 
extracting with ether, which leaves the acid as an oil, solidifying in the exsiccator to 
colourless prismatic crystals. After further purification through tho medium of the 
potassium or silver salt, it melts at 65®~66®. At a higher temperature it is resolved 
for the most part into benzoic acid and carbon monoxide, a smaller portion being at 
the same time resolved into benzoic aldehyde and carbon dioxide. It is extremely 
soluble in water. Its etJiylic ether, obtained by passing hydrogen chloride into the 
alcoholic solution of the acid, is a fragrant liquid, insoluble in water, and boiling at 
250°-255® under ordinary pressure, at 143®-143*5® under a pressure of 29 mm. 
Alcoholic potash instantly converts it into the potassium salt, which crys- 

tallises from hot alcohol in slender, flat, concentrically grouped prisms. The silver 
salt, C^H®0®Ag, obtained by precipitation, crystallises from hot water, with slight 
decomposition, in small plates. 

The acid is reduced by sodium-amalgam to mandelic acid, C®H®.CHOH.COOH, 
and by hydriodic acid and phosphorus to a-toluic (phenyl-acetic) acid; these reactions 
establish its constitution. 

Phenyl-glyoxamide, C®H®.CO.CO.NH^. Of this compound there are three 
modifications. The a-amide is obtained from the above-mentioned solution by pre- 
cipitation with water, as a white powfler, or by agitation -vith ether and slow evaporation, 
in prismatic crystals which may be purified by recrystallisation from carbon sulphide. 
It then melts at 90®-91°, dissolves easily in ether, alcohol, benzene, and chloroform, 
slowly in water, and has a sharp and slightly bitter taste. It dissolves easily in 
dilute alkalis, and carbon dioxide throws down from the solution a crystalline pre- 
cipitate consisting of the ^-amide, which melts at 64®-65®, and dissolves sparingly in 
cold water, scarcely at all in ether, easily in alcohol. The y-amide is precipitated on 
dropping the a-amide into excess of dilute hydrochloric acid, as a white powder, 
melting at 130°, nearly insoluble in ether, benzene, and chloroform; easily soluble in 
alcohol, and crystallising from the latter in tufts of slender prisms, from hot water in 
small four-sided plates. On passing carbon dioxide into its alkaline solution, the 
)8-amide is produced. The /3- and y-amides dissolve in strong sulphuric acid with 
deep yellow colour. All the three amides, when heated with alkalis as long as 
ammonia is thereby evolved, and then acidulated, are reconverted into the original 
phenyl-glyoxalic acid. 

Bhenoxylio acid, discovered by Hiibner a. Buchka {Ber, x. 479), is obtained 
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"b;^ heating benzoyl cyanide to 140® in healed tubes •with glacial acetic acid saturated 
with dry hydrogen chloride. The first product of the reaction is the compound 
(C®H^00.CNH)'-^0, which separates, on diluting the contents of the tube, as a yellow- 
brown powder, and may be crystallised from alcohol or acetic acid. By boiling with 
water, or more quickly with alkalis or acids, it is converted into phenoxylie acid, 
which melts at 111®, forms a barium salt, (0®H®.C0.C00)-Ba, crystallising in tablets, 
and with lead acetate, small white needles of the lead salt, (0®H^.CO.COO)-Pb + 
which gives oflf its water at 200°. 

PHlilMrYX.-HVBiLia'TOinsr, See Htdantoin (p. 1046). 

pg.jjjjYt-HYBRAZlN’E, See HmEAzms (pp. 1048-1057). 

PHEN'YXiIMIXBOCHX.OEACETIC ETHEB, 0«H5.NiziC01— C0002H\ See 
OxAsnc Ethbes (p. 1457). 

PHETTYXiISOBTTTAlsrE, C8H^CH2.CH(CH3)^ is formed by the action of 
sodium on benzyl chloride and isopropyl iodide mixed with ether (Kohler a. Aronheim, 
Per. viii. 508). "• 

PHEN'YZ.-KETOXrES. See pp. 1149-1156. On menylehlorornethyl 
Icetone or QhloTaoeto'phenone, C ®JE®. GO. CBL^Gl, the following observations have 
been made by Byekerhoff {Ber. ix. 1216 ; x. 119, 531). By treatment with potassium 
thiocyanate, the ketone is converted into phenyl-thiocyanomethyl ketone or 
thiocyanacetophenone, G^H^. CO . CH-SCN, which separates in fine crystals melt- 
ing at 72®-73°. Crystalline compounds are also formed by treating chloracetophenone 
with cyanide or cyanate of potassium. 

Thiocyanacetophenone, boiled with tin and hydrochloric acid, is converted, -with 
simultaneous emission of a strong odour of mercaptan, into an isomeric compound 
which forms slender needles sparingly soluble in all solvents, and melting at 203®- 
204®. The same body is formed by boiling the thiocyano-compound with hydrochloric 
acid. It dissolves in alkalis, and is reprecipitated by acids. The thiocyano-derivative 
is quickly oxidised by dilute nitric acid to carbonic, benzoic, and sulphuric acids. 

Chloracetophenone is converted hj jykos])horus pentachloride, with separation of 
hydrochloric acid, into a-^-dichlorostyrolene, C®H®.CC1=:CHC1, according to the 
equation : 

C^H^.CO.CH^Ol + PGP = POOP + C^mCCP.CH^Cl 
C^H^CCP.CH^Cl - HCl -I- C0H5.CC1=CHC1 

If an excess of chlorine be used in the preparation of chloracetophenone, the chief 
product obtained is the dichloride, C®H®OOP = C'*I1®.CO.CHCP, which boils between 
250° and 255°. If the passage of the chlorine be further continued, a thick black 
greasy mass is obtained, yielding by distillation nothing but benzoyl chloride and 
less chlorinated products of higher boiling point (Dyckerhofif). 

CO OTTs 

AcetopUenone-ortlio-car'boxylic Acid, (Michael a. 

Gabriel, Ber. x. 1555, 2199 ; xi. 1007). This acid is formed from benzoyl* aceto- 
(ortho-) carboxylic acid, by boiling the latter in aqueous or alkaline solution, 

or by keeping it for some time in a state of fusion : + CO^ ; also by 

heating phthalylacetic acid (q.v.) with water at 200° : C^^H^O^ + H^O-G^H^O^ + CO'-^. 
It forms crystals having a vitreous lustre, a sweet taste, and melting at 114®. Its 
salts show but little tendency to crystallise. 

When acotophenonecarboxylie acid is treated with sodium-amalgam (1| p. c. Na), 
and the resulting solution is treated wdth hydrochloric acid, an oil is precipitated 
which distils over with vapour of water, and may be separated by agitation with 
ether. This oil solidifies below 0®, and melts at the heat of the hand. Its composition 
is represented by the formula 

yCR—Cm 

>0 

\CO'^ 

It is not dissolved by ammonia or by cold potash or soda-ley ; it dissolves, however, 
in baryta-water, and silver nitrate added to the solution throws down slender crystals 

of the salt, Stronger reducing agents, such as red phosphorus 

and hydriodic acid, convert acotophenonecarboxylie acid into ethylbenzoic acid, 
(Michael a. Gabriel). 

Trihromacetophenone-o-carhoxylio acid, OBr^,GO.C®H^.COOH, formed by the action 
of bromine on a solution of phthalylacetic acid in dilute acetic acid, melts at 159°- 
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160°, and is resolved by alkalis into phthalic acid and bromoform. The corresponding 
chlorinated acid melts at 144°. 

When, on the other hand, a mixture of bromine, glacial acetic acid, and aceto- 
phenone-carboxylic acid is heated in sealed tubes, hr omomethylene-phthalyl, 

09352x02= C®H'*<^QQ^CHBr, is formed, according to the equation, 

-I- Br2 = C^H^]3r02 + HBr -i- mO. 

The contents of the tubes are heated on a water-bath to expel hydrobromic and acetic 
acids, and the residue is dissolved in hot alcohol. On evaporating the alcoholic 
solution, bromometiiylenephthalyl crystallises out, and after diluting the mother- 
liquor with water, an oily liquid separates, which on boiling with water deposits a 
yellow crystalline mass which has the composition melts at 145°-146°, and 

begins to sublime at 100°. Bromometiiylenephthalyl dissolves easily in benzene, 
chloroform, carbon bisulphide, glacial acetic acid, and hot alcohol, and crystallises 
in long flexible needles melting at 132°-133°. ^ 

FHBXS'irXi-XiACTZC ACZB, G^HioO^^C^Hs.CH^.CHOH.COOH. On the 
formation of this acid by the action of water on hydrobromocinnamic acid, see p. 500. 

PHBKYli-lMtETHAUrBS. On Diphenyl-seethane, see vii. 947; 

viii. 682. On Teiphenyl-methane, vii. 948. 

PHEWYI.-METHYI.-OXAMIBB, NH(OH3).OO.NH(G«Hs). See Oxamide 
(p. 1458). 

PHEWYl.-OXAIVtBTKAN'E, G«H^GO.NH.GOOG 2 H 5 . See Oxamic Ethees 
(p. 14:57). 

PHEETYXi-OXAZXBE. Syn. with Oxalyl - diphenylhydeazide, 
(0‘’H^N2H‘-^)2C20% See Hydeazines (p. 1053). 

PKEE'YZi-OXYCEOTOE’ZG ACXB. Syn. with Ginxamomandelic Acid, 
01031003 «C6H6.qh—CH.CHOH.GOOH (p. 507). 

PHEZ(rYXi-PERCHZ.OEETHYZ.E3SrE, G^H^Cl^ is formed, with evolution of 
hydrogen chloride, by distilling tetrachlorociunaniene, which latter is produced by the 
action of chlorine at ordinary temperatures on a-jS-dicblorocinnamene : 

(1) . C«mCGl=GHCi + GP = G«H-\GGP*GHGP 

(2) . C«H^0GP.CHGP = G«H^GG1=:CGP + HGl 

(Dyckerhoff, Ber. x. 531). 

PHEMYZi-PHOSPHINES. See Phosphines. 

PHENYB-PEOPZomc ACZB, G»H^«O“ = GH2(C«H0.GH2.CO0H. Hydro- 
cinnamic acid (vi. 468). — This acid is formed by oxidising phenyl-propyl alcohol 
dissolved in glacial acetic acid with somewhat less than the theoretical quantity of 
chromic acid. Its cahvim salt, (C®B[»0“)“Ga + 1 crystallises in stellate groups of 

needles. The Imzylic ether, C^ja[®02.CH“.G«H=, formed by the action of sodium on 
benzyl^ acetate, has been already described (p. 1068). The phenyUfropylic ether, 
C®H®0“.G^H®(G‘^H^), obtained by the action of sodium- amalgam and water on styracyl 
tetrabromide, is a colourless mobile oil (W. v. Miller, Ber. ix. 274). 

Bhenyl-hfomopropionic acid, G»H»BrO“, and the corresponding iodine- 
derivative, by Glaser (vi. 417), are respectively identical with liydro- 

bromo- and hydriodo- cinnamic acid, but, according to F. Binder {Ber. x. 518), their 
reactions do not quite agree with those described by Glaser. The brorainated a,cid is 
resolved at 143° into hydrobromic and cinnamic acids, and at 150° in a stream of air, 
the decomposition is complete. The same change takes place on boiling the bromiiiatcd 
acid with water, but the greater part of it is converted into phenyl-lactic or phenyl- 
hydroxypropionic acid, G®H®(OH)02, which may be advantageously prepared by this 
reaction. Phenyl-iodopropionie acid reacts with water in a similar manner, the 
greater part of it being, however, resolved into hydriodic and cinnamic acids. 

Phenyl-bromopropionic acid, treated with excess of dilute soda-ley, is immediately 
decomposed, with separation of einnainene, small quantities of cinnamic and phenyl- 
lactie acids being formed at the same time. Phenyl-iodopropionie acid is decomposed 
in the same manaer, excepting that it yields a larger proportion of cinnamene (70 per 
cent, of the theoretical amount). Now, as phenyl-lactic acid has the constitution 
and consequently phenyl-bromopropionic acid must be 
pH^.GH^.CHBr.COOH, the above-mentioned formation of cinnamene shows that this 
hydrocarbon is an unsaturated compound represented by the formula CH^ CH 
(Binder). 
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I*Jienyl-p!‘c^io7iitril, is tb.e principal constituent of the volatile 

oil of water-cress (Hofmann, p. 584). 

PHEM’YJ.-PROPTI. .A.Z.COHOI:., 0®H^20 = C«H®.CmCH2 CH^OH (Rhg- 
heimer, Ber, vi. 214). This alcohol is obtained, together with a small quantity of 
allyl-benzene, by treating a warm aqueous solution of styryl alcohol, C®H'°0, 

with sodium-amalgam in a refiux apparatus heated in the water-bath, agitating with 
ether, and submitting the product to fractional distillation. It is a viscid, colourless, 
strongly refracting liquid, having a density of 1*008 at 18°, boiling at 255° (uneorr.), 
and not solidifying at ~ 18°. It is only slightly soluble in water, but mixes in almost 
all proportions with alcohol, ether, and glacial acetic acid. When dissolved in a small 
quantity of the latter and oxidised with somewhat less than the calculated quantity 
of chromic acid, it is converted into phenyl- propionic acid. 

Bhenyl-^ropyl Acetate, C®H‘hO.C“H^O, is formed, with violent reaction, on mixing 
the alcohol with acetyl chloride. It is a slightly yellow, nearly scentless liquid, much 
more mobile than tl^e alcohol, boiling at 244°-245°, not solidifying at —18°. The 
benzoate, prepared by heating the alcohol with benzoyl chloride, is a thieh brownish 
liquid. The ph&nyUpropionate, has been already described. 

Bheoiylpropyl Bromide, C^H^^Br = C^H^.GH^.CH^.OH^Br, formed by passing 
bromine-vapour into normal propyl-benzene heated to 150°'-160°, is resolved by boiling 
into hydrogen bromide and allyl-benzene, C®H^(0®H5) (Ea^szewski, Compt rend, 
Ixxviii. 1153). 

BhenyJr-propyl Ketones. See Hetoites (p. 1152). 

PHZSlfYXi-PROPVZiGX.YCOXiZ.ZC .aCXB, 

= C«HXG*H^).CHOH.COOH 

(A. Eaab, Ber. viii. 592). This acid, homologous with mandelic acid (p. 1261), is 
prepared by heating an alcoholic solution of cumic aldehyde to 120°~130° for fifteen 
hours with hydrocyanic and hydrochloric acids : 

+ HON -h HGl + 2WO = HH^Ol + 

The yield, however, is very small. The acid crystallises in small white needles, 
which melt at 1 58°, dissolve with moderate facility in water, very readily in alcohol 
and ether. The barium salt, (C^^H^^03)-Ba 4H20, is moderately soluble in boiling 
water, and crystallises therefrom in small rhombic plates. The silver salt, 0“H’^0®Ag, 
separates from a mixture of the barium salt with silver nitrate in stellate groups of 
slender needles. The lead salt, (0^^H^®0®)“Pb, is a white nearly insoluble precipitate. 

PHEWYI. - SElttlCARB AZIDE, G^Hs.N^H^.CO.HH^. See Hydeazines 
(p. 1055). 

PKEXarYE-SUEPHACETZC, -SUEPBIZrACETIC, and -SUEPHOXT- 
ACETXC ACIDS. See Suephalkylacetic Acids. 

PHEXO’YE-SDEPHTTBIC ACID, G®H».O.SO»H. The potassium salt of this 
acid may be formed synthetically by heating a concentrated aqueous solution of potas- 
sium phenate with potassium pyrosulphate : 

-j- C^H^OK = G«H^0.S03K -h K^SOh 

This salt is slightly soluble in cold, moderately soluble in hot alcohol, easily in water. 
When quickly heated to fusion and then dissolved in water, it gives a ruby-red colour 
with ferric chloride. It is decomposed by dilute hydrochloric acid, yielding phenol 
and sulphuric acid (E. Baumann, Ber. ix. 1715). 

Potassium phenyl-sulphate is found in the urine after the introduction of phenol into 
the organism, being formed by the action of the phenol on potassium sulphate present 
therein. Phenyl-sulphates occur also in the urine of the horse and other mammalia, 
their formation being especially promoted by vegetable diet (Baumann, BJiilge7''s 
Archiv. f. Phydoloyie, xii. 69 ; xiii. 285 ; Ber. ix. 54 ; Chem. Soc. J. xxix. 726 ; xxx. 
109, 212, 534). 

On Methyl-phenylsulphuric or CresylsulpJiurio add, 0®H'*(GH®).0.S0®H, see p. 584. 

PKBErYE-THIOCABBAM:iDB,HH^CS.NH(0®H5). See Caebamides (Thio-), 
(p. 396). 

PHEXdTYZi-THIOCABBAZZDE. See Hydrazines (pp. 1055, 1056). 

PBEZrYE-THIOCABBXlMCIDB, CSzxN— G®H^ On the reaction of this 

compound with aldehyde-ammonia, see p. 899. 
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PKE3S'7£-XOZi'0’£jN'E, 0’^H’^(C®H®). On the decomposition of this hydrocarbon 
by Heat, see Barbier (p. 1065). 

PHBiam- (B1-) TOIiTTli-CARBAnslM, ]Sr(0'^H")2.C0.N(0®H^CH3). See 
Oaebamides (p. 391). 

PHBlff'Srx.-'O'RETHAM'E, NH^.OO.OC^H®. See Carbamates (p. 38^y. 

PKEWririi-VAIiERIC ACXB, 0®H®(C‘^H®)02. The benzylic ether of an acid 
having this composition is obtained by the action of sodium on benzyl but 3 rrate. 
This ether boils at 240°-250° ; the acid obtained from it melts at 78° (Conrad a. 
Hodgkinson, 'Bcr, x, 254). 

PHEWYXi-XirXiEN'E, C^‘*ff^ = C®HXCH®).CH-.C®H“, is formed by heating xylyl 
chloride, C®H‘‘(CH®).CH^C1 (b. p. 192°-1 96°, from coal-tar xylene), with 3 vol. benzene 
and zinc-dust. When purified by fractional distillation and rectification over sodium, 
it is a liquid boiling at 283°--286° (corr.), having a density of 1*01 at 0°, a blue 
fluorescence, and a faint alliaceous odour. At a red heat it is Quickly resolved into 
anthracene, xylene, benzene, and hydrogen (Barbier, Compt. reoia. Ixxix. 660 ; Ann. 
GHm. J^hys. [5], vii. 515). 

PHZEXiZPZtrAX. See Yttbitjm-metaxs. 

PHXEXiZPSXTE. This mineral occurs, together with other zeolites, in the 
cavities of the basalt of the Limperichkopf, near Asbacli, and of G-eisnidda, Yogels- 
berg. In the former locality it is the oldest of the zeolites, being followed in order 
by natrolite and apophyllite ; in the latter it follows gismondin, and is itself suc- 
ceeded by ehabasite (Weiss, Jahrh.f. Min. 1873, 319 ; Sandberger, ibid. 1874, 173). 
At Stempel, near Marburg, phillipsite occurs, together with natrolite and analcime, 
the natrolite being the oldest of -the three zeolites, and the analcime the most recent 
(A. T. Keener, ihid. 75. 116). The occurrence of phillipsite, and other zeolites of 
recent formation, near Oran, in Algeria, has been observed by Daubreo {Compt. rend. 
Ixxxiv. 157 ; Chem. Soo. J. xxxi. 444). 

According to A. Strong {ibid. 685), phillipsite, hitherto regarded as orthorhombic 
(iii. 13), belongs, as also does baryta-harmotome, to the monoclinic system; and this 
view is confirmed by the crystallographical and optical measurements of Trippke 
{Jahrh.f. Min. 1879, 681 ; Chem. Soo. J. xxxvi. 615). 

Phillipsite from Eichmond, Victoria, analysed by C. Newbery {Jdhrh. f. Min. 
1871, 75), was found to contain : 

SiO» Al^'O" OaO K^O Na“0 H»0 

46*62 23-60 4*48 6*39 6*10 14*76 « 100-96 

PHEOBAPHEWTE. This name is applied to certain red bodies, formed, together 
with glucose, when many tannins are heated with dilute sulphuric acid. By fusion 
with potash, they are resolved into protocatechuic acid, and another body, which is 
either a fatty acid, or phloroglucol, according to the kind of tannin employed (H. 
B. Procter, Chem. News, xxxix. 245; Chem. Soo. J, xxxvi. 979). According to 
0. Etti (JDingl, pol. J. cexxviii. 354) the dark-red substance which remains on evapo- 
rating the yellowish alcoholic solution of lupulo-tannin from hops, has the composition 
and may be supposed to result from the expulsion of one molecule of water 
from 2 mols. of a tannic acid of the formula C“^H“^0^^. To obtain it, coarsely pow- 
dered hop flowers are placed in an extraction apparatus, and the mass, after being 
freed from resin and bitter principle as much as possible, is extracted with 20 per 
cent, alcohol. On evaporating to a small hulk and cooling, a red precipitate of lupulo- 
phlobaphene is formed ; this is dissolved in 90 per cent, alcohol, evaporated to dry- 
ness, and heated at 120^-130°. If it tastes bitter, the bitter-principle may be removed 
by ether. Lupulo-phlobaphene is easily soluble in alkalis, and is precipitated 
unchanged by dilute mineral acids. On boiling the freshly precipitated and not 
previously heated phlobaphene with dilute mineral acids, it is decomposed, glucose 
and 1 mol. of water being split off. 

As the phlobaphene is easily prepared, is constant in composition, and precipitates 
gelatin solution completely, it may be estimated quantitatively like tannin, and used 
for standardising the solution employed. 

PKZiOGOPXXE. See Mica (p. 1 321). 

PKZiOBEfETy (B. Benedikt, Ber.^ vii. 445 ; Liebig's Annalen, clxxviii. 

92). A colouring matter produced by the action of nitrous acid on phloroglucol. 
It is a dark green powder having a metallic lustre, insoluble in water, but dissolving 
easiljr in alcohol, ether, and acetic acid with dark brown colour, in alkalis and 
alkaline carbonates with deep purple colour. Benedikt deduced, from his first analyses 
of this body, the formula and represented its formation by the equation 
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2C®H®0® = C*^H®0® + H“0 + E[^; but from subsequent analyses be infers that it 
contains nitrogen, and has the composition ^NO^, according to which its form- 
ation may be represented by the equation : 

3C«HsO® + NO^H = 4- 4H20. 

For its constitution he proposes the formula 


0\ ;;c«H2(0H)2 

H0^0«H2--N<: 


JL\^ y\J 
0^ 




•C«H2(0H)2 


PBX.ORETXC ACXB, H. Schiff {Liebig's Annalen, clxxii, 356) pre- 

pares phloretic acid, together with phloroglucol, by boiling phloretin in portions of 
20 grams for about three hours in a reflux apparatus, with 150 c.c. of potash-ley of 
sp. gr. 1*20 ; saturates the liquid when cold with sulphuric acid ; then adds sodium 
bicarbonate in very slight excess, and extracts the phloroglucol by repeated agitation 
with an equal volume of ether ; a larger excess of the bicarbonate interferes with the 
complete extraction of the phloroglucol. The remaining alkaline liquid is Anally 
supersaturated with sulphuric acid, and the phloretic acid extracted by agitation 
with ether four times repeated. The phloroglucol thus obtained is quite pure ; the 
phloretic acid still retains a small quantity of phloroglucol (compare Hlasiwetz, 
IV. 489). 

Phloretic acid treated with pho$j)ho7'us oxyckloi'ide at about 60° dissolves, with 
evolution of hydrochloric acid; and after about an hour the whole solidifies to a white 
mass; and on washing this mass with ether, alcohol, and water, and dissolving it at 
boiling heat in glacial acetic acid, a solution is obtained which on cooling deposits 
white crystals of triphloretid, — 2H-0. This compound does 

not give the reactions of tannic acid (Schiff, Ber. vi. 759). 

Methyl-phloretio acid, = C®H®(CH^)0^ is prepared by mixing the 

solutions of 1 mol. phloretic acid and 2J mols. potassium hydrate in methylic alcohol, 
and slowly evaporating to dryness. The product is then mixed with a quantity of dry 
methyl alcohol sufficient to form a thin paste, and methyl iodide (3 mols.) is gradually 
added whereby a crystalline mass is obtained, consisting of potassium iodide and 
methylic methylphloretate, with some potassium methylphloretate. The methylic 
methylphloretate, which may be separated by dissolving the mass in water, and 
agitating with ether, crystallises in lustrous tables, which have a pleasant odour, 
resembling that of methyl anisate. It melts at 38°, and boils at 278°. This ether is 
easily decomposed by an aqueous solution of potassium hydrate, and the addition of 
hydrochloric acid then separates the methylphloretic acid in the crystalline state. 
The acid is only slightly soluble in cold water, more readily when heated, and very 
soluble in alcohol and ether. It crystallises in prisms, which sublime below 100°, 
and melt at 103*4°. The barium salt crystallises readily in thin plates ; the potassium 
salt in tufts of needles. 

Etliy l~ phloretic acid, in a similar manner with ethyl alcohol and 

ethyl iodide, crystallises in white lustrous scales melting at 106*5° ; in other respects 
it closely resembles the methyl derivative. 

When methylphloretic acid is added to a cold mixture of potassium dichromate, 
sulphuric acid and water, a violent action takes place, resulting in the formation of 
methylparaoxybenzoic (anisic) acid ; if the reaction be moderated, the corresponding 
aldehyde is obtained. Ethylphloretie acid similarly treated yields paraethoxyhenzoic 
acid, melting at 195° (vi. 899). From these results it follows 

that phloretic acid has only one side-chain cont*aining carbon, and must therefore have 
the constitution of phenoxyl-propionic acid, C®H'‘(OH).CH\CH^COOH, or of 

QTT8 

phenoxyl-isopropionic acid, C®H^(OH).CH<(^qqq 2 , the hydroxyl being in the 
para-position with respect to that side chain (Korner a. Corbetta, Ber. vii. 1731). 

PHXiOXS.XSTZIO', H. Schiflf {Liebigs Annalen, clxxii. 356) prepares this 

compound by dissolving phlorizin (20 g.) in water (140 g.) heated nearly to boiling, 
adding 50 g. of 20 per cent, sulphuric acid previously heated nearly to boiling, and 
keeping the mixture nearly at the boiling heat. After a few minutes the liquid 
solidifies to a pulp of perfectly white crystals of phloretin. 

PHXiOZ^XXXXO'. The formula usually assigned to this body, is founded 

on the analysis of Stas, which gives 57'A7 per cent, carbon and 5*67 hydrogen, the 
calculated quantities being 57*79 C. and 5*51 H. (see Grmelin’s Handbook, English 
Edition, xvi. 13). According to this formula, and those of phloretin and phloretic 
acid above given, the resolution of phlorizin into glucose and phloretin is represented 
voL. vni. 5 I 



1670 


PHLOROBEOMIlir. 


,by the ejjuatioii + + and that of pTiloretin into 

‘phloretia acid and phloroglucol under the influence of alkalis, by the equation 
C'5H*^0® + H20-=G^ff«03 + C“H®0» (iv. 489, 494). According to J. ^we, on the 
other hand {ZeitsoJir. anal. ohem. 1876, 28), the formula of phlorizin dried over sul- 
phuric acid is of phlorizin dried at 100'^-105°, of phloretin, 

Qwguosj and of phloretic acid, Lowe finds also that phlorizin is not 

precipitated either by lead salts or by barium salts, and that it is resolved into 
phloretin and glucose when heated to 110° even in pure water, and when heated _ to 
in the dry state. These decompositions he represents by the following 
equations : 

Phlorizin Phloretin Glucose 

- 2H20 = 

(dried over H®SO*) 

023226012 _ + C®H^20S. 

(dried at 105°) 

and the resolution of phloretin into phloretic acid and phloroglu|;ol by the equation : 
+ H20 *= + C®E[®0®. 

It must he observed, however, that the percentages of carbon required by Lowe’s 
formulae of phlorizin, phloretin, and phloretic acid are lower than those found by all 
other chemists who have examined these bodies (see Gmelin’s Handbook, xiii. 308 ; 
XV. 8, 11), and that the formula for phloretic acid is supported by the com- 

position of methyl- and ethyl-phloretic acids (p. 1569). Moreover, it is not easy to 
see how Lowe’s formula for phloretic acid can be reconciled with the formation of 
anisic acid by oxidation of methyl-phloretic acid. 

Phlorizin gives a dark blue colour with ammonium sulphomolybdate (p. 1335). 

A solution of 0’046 grm. phlorizin in 100 c.c. alcohol, or of 0*039 grm. in 100 c.c, 
wood-spirit, has a specific rotatory power of + 52 for the yellow ray (Oudemans, Togg. 
Ann. cxlviii. 337). 

PHXiOBOBROMX3!f, C®HBr^O (Benedikt, Liebig’s Annalm, elxxxix. 165). 
When bromine (10 pts.) is gradually added to an aqueous solution of phloroglucol 
(1 pt.), trihromophloroglucol is first formed, and subsequently converted into phloro- 
bromin : 

C«H®0® + 3Br2 = C®H=»Br303 + 3HBr 
and C®H®BrS03 + 2HBr + 2Br2 = C®HBr°0 + 2H20. 

To obtain the latter compound pure, the liquid is decanted from the hard lumps 
formed in the reaction ; these are left to dry in the air and crystallised from chloro- 
form ; the prisms thus obtained are heated on the water- bath with water and excess of 
bromine till the bromine is driven off ; and the residue is recrystallised from chloro- 
form. 

Phlorobromin thus obtained crystallises in colourless orthorhombic prisms, 
OP. cop. coPoo , having the axial ratio a : 6 = 1 : 1*1988, and the angles ooPoo : ooP 
= 39° 55'; cojp : coP = 79° 50' and 100° 10'. The crystals melt at 152° ; decompose 
at a higher temperature, are insoluble in water, and are not attacked either by boiling 
potash-ley, boiling nitric acid, or sodium-amalgam. 

When phlorobromin is dissolved in warm alcohol, and the solution, after standing 
for some hours, is mixed with a large quantity of cold water, an oil is precipitoted 
together with slender needles of pentabromacetone melting at 76° (vi. 27). 

Phlorobromin is decomposed by aqueous ammonia at ordinary tempez’atures, yield- 
ing, together with bromoform, a body having the composition C®Br®H‘‘N% which may 
be purified by precipitation from the aramoniacal solution with excess of sulphuric acid, 
extraction with ether, evaporation of the ethereal solution, and recrystallisation of the 
residue from water with the aid of blood-charcoal. It then forms large white crystals 
or transparent laminae melting at 124°. It is decomposed by potash, with formation 
of ammonia and bromoform, and converted into a brominated acid by heating to 120° 
fov several hours with dilute sulphuric acid. 

PHljOROGXiITCOXiy 0®H®O® = C®B[^(OH)*. Fklorogkicin, — This triatomic alcohol 
is formed: 1. Together with another substance, by fusing resorcinol (C^H^O^) with 
sodium hydrate, the phloroglucol constituting from 60-70 per cent, of the product 
(Barth a. Schreder, Ler. xii. 503). 2. Together with small quantities of other products, 
by fusing resorciaoldisulphonic acid with potassium hydrate ; soda yields a less favour- 
able result (Tedeschi, xii. 1267). 3. Together with hesperetic acid, by heating 
hesperitin to 100° with potash (E. Hoffmann, Ber. ix. 685) : 

C®H502.0.C'«H»0» -1- H^O = C®H®Os ^ rd''H‘«01 

Hesperitin. PMoro- Hesperetio 

glucinol. acid. 
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Reactions. — 1. When a solution of poiassmm nitrite is added to a very dilute 
solution of phloroglucol mixed vdth nitrate of toluidine (or aniline'), the liquid, 
'which is at first clear, becomes brownish-yellow, then orange-red, and ultimately 
deposits a cinnabar-red precipitate. This is a very delicate test for phloroglucol. 
A similar reaction is however produced by maelurin, catechin, decoction of fustic, and 
extract of hops (Weselsky, Ber, ix. 216). See also Procter (Cheni, News, xxxix. 245 ; 
Ctie7n. Soc. J. xxxvi. 979). 

2. By the action of ohlorme and mifer, phloroglucol is converted into dichlor- 
aceticacid (Hlasiwetz a. Hubermann, Liebig's Annaleji, civ. 120) ; 

+ 6CP + SH^O = SC^H^Cr-O^ + 6HC1. 

3. With bromine and water, it yields tribromophloroglucol, afterwards 
converted into phiorobromin, C®HBr®0. 

4. With nitrous acid it yields phlorein, (p. 1568). 

Trinitrosoplilorog:lucol, C®(NO)®(OJE[)^ (Benedikt, Ber, xi. 1374). When a 

concentrated welln^oled solution of potassium nitrite is added to a solution of phloro- 
glucol in dilute acetic acid covered with a layer of ether, the mixture becomes 
dark-brown, and after some minutes an acid potassium salt begins to separate. On 
supersaturating the solution with potash, and adding alcohol, the neutral potassium 
salt is thrown down in beautiful green needles amounting to about 70 per cent, of the 
theoretical yield. As this potassium trinitroso-^kloroglucol, C®(NO)^(OK)®, cannot 
be recrystallised without great loss, it must be (hssolved in water and precipitated 
with alcohol, to which some potash has been added. It is easily soluble in water, 
with difidculty in dilute potash, quite insoluble in weak alcohol. It may be heated to 
above 130^ without decomposition, but explodes at a high temperature. A drop of 
sulphuric or nitric acid will also occasion violent explosion. A lead salt of trinitroso- 
pbloroglueol is obtained by precipitating a dilute solution of the potassium salt with 
lead acetate, and falls as a yellow precipitate. When dried it forms a light cinnamon- 
brown powder, exploding with violence when heated. Nitroso-phloroglucol can be 
isolated by cautious decomposition of this lead salt mixed wdth alcohol, by means of 
sulphuric acid. On filtering and evaporating the alcoholic solution, groups of needles 
are obtained, which are easily soluble in water and alcohol, insoluble in ether. 

The number of nitrosyl-groups that can be introduced into a phenol is— so far as 
can be judged from the small number of examples at present known — equal to the 
number of hydroxyl-groups contained therein. The introduction of the NO -group 
into the hydrocarbons (benzene and naphthalene) is difficult and can be effected only 
by indirect means, whereas the mon%drie phenols, phenol, thymol, and naphthol, 
take up one NO-group with ease; the dihydric phenols, resorcinol, and orcinol, give 
dinitroso-derivatives ; and the trihydric phenol, phloroglucol, yields trinitroso-phloro- 
glucol. 

Trinitro-philoroglucol, 0®(N0^)®(0H)^-pH~0 (Benedikt, loo. cit.) On adding 
powdered potassium nitroso-phloroglucol in very small quantities at a time to a 
mixture of nitric acid and sulphuric acid, oxidation takes place at the ordinary tem- 
perature, and finally yellow needles of trinitro-phloroglucol separate out. The 
mass is then diluted with vrater, exhausted with ether, and the product reciystallised 
from boiling water. It crystallises in hexagonal prisms modified by combination with 
the pyramid and prism of the second order, the combination being represented by the 
formula co P . P . oo P2. 

Trinitro-phloroglucol loses its crystallisation-water at 100°. At 130° it begins 
to sublime; at 158° it melts without decomposition, but explodes on further heating. 
It is easily soluble in hot water, alcohol, and ether, and is decomposed by sulphuric 
acid only at a high temperature. Like picric acid, it possesses great tinctorial power 
for animal matters, the tint, however, being richer and more beautiful. It gives the 
isopurpuric acid reaction with potassium cyanide. On reduction with hydrogen 
sulphide or tin and hydrochloric acid, it appears to form the compound analogous to 
picramic acid. On boiling the tin solution it becomes decolorised, but does not appear 
to yield the corresponding triamido-compound. 

Salts of Trmitro-phlorogluool. — This body decomposes carbonates readily, and 
forms with metals three series of salts containing 1, 2, and 3 equivalents of metal. 
All are explosive. The potassium salts are formed by saturating 2 mols. of the nitro- 
compound with 1, 2, or 3 mols. of potassium carbonate, working with a solution as 
concentrated as possible. The compound G%^0-Y(OKy forms orange-red shining 
needles often an inch long, whilst C®(NO“)^(OK)'OH is of a deep-yellow colour, and 
not so shining as the preceding. The compound C‘*(N02)3(0K)(0H)--e H^O forms 
long, silky, sulphur-yellow needles, losing water at 100°, and becoming dull. All 
three potassium-derivatives are sparingly soluble in cold water. The nevtral ammonium 
denvative behaves like the corresponding potassium compound. The hariim compound 



1572 


PHLOEOL— PHOlSrOLITE. 


formed by adding baryta-crater to an aqueous solution of trinitro-phioroglucol, con- 
sists of microscopically small, sulpbur-yellocr needles, insoluble in cold or boiling crater. 

Lead acetate gives, in an aqueous solution of the acid, an amorphous, flocculent 
precipitate of j^litmhic tTinitro-^kloroglucol. 

yiiloroglueic AnUydride, or PMoroglucide, = 

C®H^(OH)^.O.C®H.®(OH)-, is obtained: 1. By the action of heat on phloroglucol, 
= (Piccard, Ber. vii. 891). 2. By heating phloroglucol 

crith concentrated aqueous hydriodic or hydrochloric acid (Hlasiwetz, vi. 928). 3. By 

heating phloroglucol for several hours crith phosphorus oxychloride. On distilling 
off the excess of the latter, treating the residue first crith crater, then crith alcohol, 
and finally crashing it crith ether as long as tlie ether is thereby coloured red, the 
phloroglueide is obtained in scales unctuous to the touch (H. Schiff, Liebig* s Annalen, 
clxxii. 358). It dissolves in hot crater, and separates therefrom as a white tasteless 
pocrder (Piccard). 

Plilorogrlucolsulplionic Acid, C®H®SO® = C®H®0*(S0®H), produced by the 
action of pyrosulphurie acid on phloroglucol, forms very solutile salts crith the 
alkalis and alkaline earths, and is coloured deep cdolet by baryta-water and ferric 
chloride. By the action of phosphorus oxychloride, it is converted into an amorphous 
anhydride crhieh may be purified by crashing it, first with ether, then repeatedly with 
water, and finally dissolved in water at 50^-60^^. The resulting yellow solution reacts 
crith albumin, gelatin, alkaloids, acids, salts, and iodide of starch, exactly like tannic 
acid. It is precipitated by hydrochloric acid, and on repeating this operation several 
times, there is obtained a yellow precipitate of the formula C = 2C‘^H®SO® — fl-0, 

crhich dissolves readily in crater, and when boiled with dilute acids is reconverted 
into phloroglueolsnlphonic acid, which exhibits none of the reactions of tannic acid. 
Lastly, there is precipitated a highly carbonised body, which also reacts 

like tannin, but does not decolorise iodide of starch. This body may be formed from 
the sulphonic acid of phloroglueide according to the equation 2C^2H^0^(S0®H) — 11=^0 = 
(H. Schiff, Ber, vi. 26). 

PBZiOKOXi, C®H*°0~C®H®(0H). This phenol, first noticed as a constituent of 
beech-tar creosote by Marasse (vi. 928), and afterwards by Tiemann a. Mendelsohn 
(p. 580 of this volume), has been further examined by the last-mentioned chemists {Ber. 
X. 57). To determine its constitution, it was first converted into methyl-phlorol, for 
which purpose the ether-alcoholic mother-liquors, obtained in the preparation of potas- 
sium-cresol from the portion of the creosote boiling between 200° and 230°, wore 
evaporated on the water-bath ; the aqueous residue was acidulated with hydrochloric 
acid and exhausted with ether ; and the ethereal extract was evaporated, whereby an 
oil (b. p. 220°) was obtained which was boiled for several hours in a reflux apparatus 
with potassium hydrate, methyl iodide, and methyl alcohol. On heating the product 
of this reaction over the water-bath to remove methyl alcohol, and then adding water, 
an oil was obtained separable by rectification into two portions, one boiling at 215°, 
the other at about 200°. The latter, which is the crude methyl-phlorol, gave, when 
suspended in 20 pts. water and boiled in a reflux apparatus with potassium p(U’- 
manganate (1 ; 40), a mixture of acids, which was fused for a short time ^vitl^ 
potassium hydrate to remove the methyl-groups contained in it ; and the substance 
afterwards separated from the melt by hydrochloric acid, was found to be identical 
with hydroxyphthalic or hydroxybenzene-orthodicarboxylic acid, C®H®(OH)(COOH)- 
(p. 1531). From these results, Tiemann a. Mendelsohn infer that the phlorol 
of beecli-tar is a hydroxy-xylene, C‘’H3(CH3)20H. The phlorol prepared by dis- 
tillation of calcium phloretate (p. 1569) they regard as an ethylphenoL 

PBXiOBOSB, a sugar obtained by the action of sulphuric acid on 

phlorizin (see Sugars). 

PKOXiERlTB. A mineral from India, named Meerschalummite by Boss, has 
been shown by Maskelyne a. Flight {Chem, News, xxii. 260) to contain 43-144 per 
cent. SiO^, 41-073 AFO®, and 15-783 H-0, and to be identical with pholerite (iv. 496). 

Frenzel regards the pholerite, nacrite, and lithomarge of the Saxon and Bohemian 
tin-mines as varieties of gilbertite (p. 860). 

PHOKTOXiITB. The following are analyses of this volcanic rock: (1 and 2). From 
the Wolf Bock near the Land’s End, Cornwall : exhibits small sanidins enclosed in a 
compact grey matrix. Sp. gr. 2-54 (Allport, Jahrh.f. Min. 1874, 38; analysed by 
A. Phillips). (3). From the Bavin de TUsclade, Auvergne. Sp. gr. 2-54. Analysed 
b;^ C. V. Bonhorst (ibid. 1872, 337). (4 and 5). Noseaii-phonolites from the Hohent- 
wiel in the Hogan. 4. Fresh rock : 55’9 per cent, soluble ; 44-1 insoluble. Sp. gr. 
2-54. 5, Weathered: 39 percent, soluble; 61 insoluble. Sp. gr. 2-41 : 
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SiO“ 

A1“0’ 

Fe=0» 

FeO 

CaO 

MgO 

K»0 . 

Na*0 

H“0 


1. 

56*46 

22*29 

2*70 

0*97 

1*47 

— 

2*81 

IMS 

2*05 

= 99*88 

2. 

56-40 

22*20 

2*61 

0*97 

1*35 

— ' 

2*73 

11 11 

2*05 

== 99*42 

3. 

59-84 

23-07 

3*35 

— 

1-48 

0*25 

4*13 

4*52 

3*20 

= 99-84 

4. 

55'21 

21*78 

2*06 

2*01 

2-10 

0-13 

3*475 

10*64 

2*07 

= 99*475 

5. 

55*84 

19*87 

2*58 

1*55 

— 

1*81 

6*23 

8-06 

3*87 

= 99*81 


PHOBOITE, This name has been given to at least tv^o isomeric bodies, 

one, which is the ketone of camphoric acid (also called ca7nphorone) being formed by 
distillation of calcium camphorate (i. 733 ; vii. 949), the other (also called acephorone) 
being produced by the condensation of acetone under the influence of strong hydro- 
chloric acid: 3C®H®0 — 2H20==C^H^^0 (i. 23; vi. 26); and by heating nitroso- 
triacetouamine (p. 29) with potash : 

C9ff6(NO)NO = + N2 + H^O. 

The action is besj; commenced over the water-bath, and completed by boiling the 
liquid in a reflux apparatus, and the phorone thus produced may be extracted with 
ether and purified by distillation (Heintz, Liebig’s Amialen, clxxxvii. 250). 

Camphorone is a liquid boiling at 208° (G-erhardt); at 206°-215° (Eachler) ; 
acephorone crystallises in large yellowish prisms, melts at 28°, boils at 190°-191° 
(Olaisen, Liebig’s Annalen, clxxxiv. 163). 

The phorone produced by the action of alkaline reagents on acetone (i. 29) appears 
to be identical with camphorone. A liquid having the composition of phorone, and 
boiling at 230°-23o°, is obtained, together with camphor, by distilling the calcium 
salt of camphic acid with calcium formate (J. de Montgolfier, Compt. rend. Ixxxviii. 
815). 

ALcephorone is very readily attacked by oxidising agents \ dilute nitric acid 
converts it into acetic and oxalic acids. By dehydration phosplirn'ic anhydride, it 
is converted chiefly into pseudoeumene, (p. 1284). Its solution in carbon 

sulphide readily absorbs bromine, forming a well-crystallised tetrabromide, 
0®H^^0.Br'‘, easily soluble in ether, sparingly in cold water, melting at 86°-88°. 
With sodium-aonalgam acephorone yields only imperfectly crystallised resinous pro- 
ducts ; but when its alcoholic solution is left in contact with zinc and sulphuric acid, 
it takes up hydrogen and is converted into deoxyphorone, C^^H-^0, related to it in 
the same manner as pinacolin to acetone, and deoxybenzoin to benzaldehyde. This 
compound crystallises in short colourless four-sided prisms, melts at 108°, sublimes 
well, and volatilises easily with vapour of water. The same compound is formed by 
treating the above-mentioned tetrabromide with zinc and hydrochloric acid. By 
strong sidphurio acid, acephorone is for the most part converted into mesity’ene 
(Olaisen, Bar. xi. 1168; Liebig’s Annalen, clxxx. 1). 

Acephorone unites with hyclriodio acid, forming the compound which 

crystallises in needles, melts at 13°, is partly decomposed by boiling, but not decom- 
posed by water, and is reconverted into phorone by alcoholic potash (Kasanefi*, Ber. 
viii. 435). 

Camphorone being the ketone of camphoric acid, probably forms a closed chain, as 
represented by Kachler’s formula (vii. 949) ; but acephorone, according to the pre- 
ceding reactions and its formation from nitrosotriacetonamine by removal of and 
H“0 (p. 1572), appears to have the constitution of an open chain with two double 
linkings. The tm) formulae of nitrosotriacetonamine give for phorone the three 
following formulae : 


Niti-osotriacetonamine Phorone 

mra nn nm 


TT3P vCH" — CO — CB[\ nTi3 

K 

gives 

|!^c— ch2-co-ch=-c<q2= 

1 

NO 


(1) 


or 

|'°>C=CH-CO-CH=::C<^|I 



(2) 

CO.CH® 

1 


OO.CH’ 

N 

gives 


1 

NO 


(3) 


Either of these three phorone-molecules with two pairs of doubly linked carbon-atoms 
may take up 4 at. bromine, and form the tetrabromide, which may accordingly be 
represented bv one of the three following formulae : 
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(2) |3^>0Br— OHBr— 00— OHBr— CBr<^Q 2 s 
CO.Cff 

PBOROirZC ACZB, C®B[1®02 A crystallisable acid, obtained under certain 
circumstances by oxidation of camphic acid with potassium permanganate (Montgolfier, 
Compt. fend. Ixxxy. 961), the usual product being hydroxycamphic acid, 

(p. 372). 

PKOSEBB, or PHOTBUTE. According to Barbier {Ann. CUm. !Phys. [5], vii. 
526), the substance so-called by Britzsche (vi. 176) is a mixture of anthracene and 
phenanthrene. ^ 

PHOSGEBXTE. A mineral discovered by Sella in the lead mines of Monte 
Poni ; found also at Gibbus. The crystals are hexagonal, exhibiting the combination 
00 P . oo P2 . OP . 2P2 . 2P 00 . CO P 00, the faces oo P being vertically striated. Axial 
ratio a: c=l : 1*08758 (Hansel, Jahrh.f. Mm. 1878, 754). 

PROSPHAM. This name is given to the nitril of phosphoric acid, PHN^, 
■which Rose obtained by passing ammonia gas over phosphorus pentachloride and 
heating the product in a stream of carbon dioxide (iv. 497). M. Salzmann {Ber. vii. 
494), by passing ammonia gas over moderately heated phosphorus pentachloride, 
obtained a product which, after successive treatment with hot water, hydrochloric 
acid, potash, and ether, formed a white amorphous powder scarcely acted upon by 
acids or alkalis, and giving by analysis numbers leading to the improbable formula- 
P^H^N^, possibly a mixture of several compounds. 

PKOSPKARZXiATE, BIPKBRirX.XC, ("Wallach 

a. Heymer, Ber. viii. 1235). This ether is obtained by dropping a mixture of equal 
parts of phenol and aniline on the calculated quantity of phosphorus pentachloride, 
and treating the semi-solid product with water and soda-ley. It crystallises in six- 
sided tablets melting at 127°-128°; dissolves both in acids and in alkalis, sparingly 
in water, readily in alcohol and ether ; has a neutral reaction, and is decomposed by 
distillation, giving off aniline and phenol. 

PHOSPHERYXi BROMXBBS (Michaelis a. Kohler, Ber. ix. 519). The 
Bibromide, Bhosphortis Bhenyldibromide, or Phosphorus Dihrmiophenide, C^’IPPBr®, is 
formed by passing hydrogen bromide dried with phosphoric aniiyd *’ ''e into boiling 
phospbenyl dichloride {infra), whereupon the gas is completely absorbed, streams 
of hydrochloric acid gas carrying benzene with them are given off, and small quantities 
of phosphorus separate out. The product, after saturation with hydrogen bromide 
and rectification in a stream of carbon dioxide, consists essentially of phosphenyl 
dibromide, together with small quantities of phosphorus chloride and bromide, 
monobromobenzene, and diphenyl. It may be freed from dissolved phosphorus by 
heating it to 250°-300° in a sealed tube, the phosphorus then separating out in the 
red amorphous state. The diphenyl is very difficult to remove. Phosphenyl dibromiile 
may, however, be obtained free from diphenyl, hut in small quantity only, by the 
action of phosphorus bromide on mercury-diphenyl : 

2PBr3 + Hg(C«Hs)“ = HgBr- + 2C«HsPBr2. 

Phosphenyl dibromide is a colourless liquid, boiling at 255°-257° ; it soon turns 
yellow, and on exposure to sunlight becomes turbid and deposits a red substance. It is 
decomposed by water into liydrobromic acid, pbosphenylous acid, and phenyl-phospbine. 

Phosphenyl Tetrabromide, Phosphoric Pheoiyltetrahromide or Tetrabromophemde, 
C®H®PBr‘‘, formed, with great rise of temperature, by direct combination of the 
dibromide with bromine, is a yellow-red mass which, when heated, sublimes in yellow- 
red needles melting at 207°. It fumes strongly in the air, and is converted by water 
into hydrobromic and phosphenylie acids. It unites with bromine, forming a hex- 
bromide, C^H^PBrbBr^j which sublimes at 110° in dark-red needles, and is decomposed 
by water, yielding bromine, hydrobromic acid, and phosphenylie acid. 

IPKOSPHEKYX. CKX.ORXDES. Bichloride, Phosphorus Phenyl- 
diohloride or Bichlorophenide, C^’H^PCP. — To prepare this compound, the 
mixed vapours of benzene and phosphorus trichloride are passed through a hot tube 
filled with fragments of pumico, the vapour of that portion of the condensed liquid 
which distilled below 80° being again repeatedly passed through the tube ; and the 
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portion of the product 'v^hich boils above 80° is subjected to fi^ctional distillation. 
Phosphenyl diehloride thus obtained is a colourless, very stable, strongly refractive 
liquid, having a sp. gr. of 1*319 at 20°, and boiling at 222° (Michaelis, Ber. vi. 601, 
816). It is converted by chlorine into phosphenyl tetrachloride, by hydrogen iodide 
into phosphenyl di-iodide, by oxygen and sulphur into phosphenyl oxychloride and 
sulphochloride respectively, by cooled zinc -ethyl into diethylphenylphosphine, 

Bhos'pJienyl Tetrachloride^ Phosphoric Phenyl-tetrachloride or 
T etr achlor ophenide^ C®H®PCP, is obtained, bypassing chlorine into the diehloride 
well cooled by cold water, as a dry mass, the yellow colour of which is due to excess 
of chlorine, and may be removed by crystallisation from phosphorus trichloride or 
phosphenyl diehloride. It melts at 73° to a clear liquid which solidifies to a crystal- 
line mass on cooling. At a higher temperature it partly sublimes unaltered and is 
partly resolved into the diehloride and free chlorine (Michaelis, loc. cit,) When 
heated in a tube, it exhibits no alteration at 100°, but melts at 140°, and is resolved 
at 180° into POP,* boiling at 78°, monochlorobenzene, and other products boiling at 
higher temperatures (Michaelis a. Kammerer, Per. viii. 1306). Water decomposes it 
with violent hissing, forming at first phosphenyl oxychloride as an oily liquid, which 
is further converted into phosphenylic acid (Michaelis). With phosphorous acid, it 
yields phosphenyl diehloride and oxychloride in the quantities required by the follow- 
ing equation, without a trace of phosphorus trichloride : 

OPH(OH)2 + SC^H^PCP = OPCP + 2POCP(C«H'^) -f CPP(C«H") + 3HC1. 

This tends to show that phosphorous acid has the constitution represented by 
OPH(OH)'^ since if it were correctly represented by the formula P(OH)*, it should 
yield with phosphenyl tetrachloride, not phosphenyl oxychloride and diehloride to- 
gether with phosphorus oxychloride, but phosphenyl oxychloride and phosphorus tri- 
chloride : thus 

P(OH)s + SC^H^PCl^ - POP + 3POCP(C«HS) -h SHCh 

(IVIichaelis a. Ananofif, Per. vii. 994). With. phe}iol, phosphenyl tetrachloride gives off 
hydrochloric acid, and yields, together with monochlorobenzene, white needles of 
phenyl phospheny late, 0®H®PO^(C®H®)- (Michaelis a. Hammerer, 5er. viii. 1806). 

Phosphenyl Chlorobromide, C^H^PCPBr^, is obtained by adding 1 mol. 
bromine to 1 mol. well-cooled phosphenyl diehloride, as a dry yellow-red solid mass 
which melts at about 208° to a dark-brown liquid, but sublimes even at 130° without 
decomposition in fan-shaped groups of yellow-red crystals. With a sufficient quantity 
of water it yields, as final products, hydrochloric, hydrobromic, and phosphenylic 
acids (Michaelis). 

Phosphenyl Ohlorotetrahro'/nide, 0®H®PCP.BrS is formed, with brisk reaction, on 
adding 1 mol. bromine to the chlorobromide just described. The mixture, which is 
pasty at first, quickly solidifies to a dry bright-red mass which is decomposed by 
water, yielding phosphenylic, hydrochloric, and hydrobromic acids, and free bromine 
(Michaelis). 

Phosphenyl Oxychloride^ C^H^PCPO, is formed by direct combination of 
oxygen with phosphenyl chloride, the action being greatly facilitated by heat ; also 
by the action of oxalic acid, and of phosphorous acid (supra) on phosphenyl tetra- 
chloride. It is a colourless thickish liquid, having a faint odour, a density of 1‘375 
at 20°. and boiling, not quite without decomposition, at 260° (uncorr.) By water it 
is slowly resolved into hydrochloric and phosphenylic acids (Michaelis). 

Phospheny I Thiochloride, C®H®PCPS. — Sulphur dissolves quietly, in phosphenyl 
diehloride at ordinary temperatures, but on heating the solution, it suddenly assumes 
a darker colour, and the two substances enter into chemical combination, attended 
with violent ebullition, and when considerable quantities are present, with inflamma- 
tion. The thiochloride thus formed is a colourless liquid, boiling under ordinary 
pressure at 270°, with partial decomposition ; under a pressure of 130 mm. at 205°. 
Sp. gr. =1-376 at 13°. Its odour is aromatic at ordinary, pungent at higher tem- 
peratures. It fumes slightly in the air, and is decomposed by prolonged boiling with 
water, into hydrochloric, hydrosulphuric, and phosphenylic acids. Strong potash-ley 
attacks it violently ; dilute potash-ley only after prolonged boiling. On evaporating 
the resulting solution and treating the residue with alcohol, potassium chloride 
remains undissolved, and a salt which crystallises in small needles, and probably 
consists of potassium thiophosphenylate, C®H®PS(OK)2 passes into solution. The 
alcoholic solution thus formed acquires when -somewhat concentrated an odour like 
that of mercaptan. The corresponding lead salt is a white precipitate, which blackens 
when boiled with water (Kohler a. Michaelis, Per. ix. 1053). 
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PHOSPHBXTYXi BXXOBZBE, C^H^PJ-, is formed, with rapid evolution ^ of 
hydrogen chloride, when dry hydrogen iodide is passed into the corresponding chloride 
(p. 1574). The liquid becomes heated and darker in colour, begins to deposit a 
crystalline body, then gi’adually becomes thicker, and finally solidifies completely to a 
dry dark-coloured mass, which still for awhile rapidly absorbs hydrogen iodide.^ The 
iodide of phosphenyl and hydrogen thus formed distils, with copious evolution of 
hydrogen iodide, at a temperature above the boiling point of mercury, and is decom- 
posed by water and more readily by alcohol, yielding phenyl-phosphine, 

PHOSPHEia'Yi:i SUZiPBXBES. Kohler a. Michaelis {Ber. x 815), by treat- 
ing phosphenyl dichloride, heated nearly to boiling, with dry hydrogen sulphide, 
obtained a thick, colourless, disagreeably-smelling liquid, very much like the sulphide 
of phenyl-phosphine, and having the composition 0®H®PS. This substance, heated 
with nitric acid, yields diphenylphosphinic acid, together^ with phosphoric acid ; hence 
its constitution is probably ( C®H®)^P.S.PS. Kohler a Michaelis. call it isophospheny i 
sulphide. Together with this compound, which dissolves readilj^ in ether, there is 
also formed tetraphenylphosphotrisulphide, (C®H®)‘*P^S^, which crystallises from warm 
ether in white crystals melting at 192®-! 93®, and yielding by oxidation diphenyl- 
phosphinic acid. 

PHOSPHENYXiXC ACZB, C®H®.PO.(OH)2. Phenyl-phosphonc, PJienyl-phos- 
phimoj or Benmiephosphinio Aoid (Michaelis, Ber. vi. 816 ; Michaelis a. Mathias, 
ibid. vii. 1070). This acid is the final product of the decomposition by water of all 
the derivatives of phosphenyl dichloride above described. It is best prepared 
by adding phosphenyl tetrachloride in successive small portions to water, and 
warming the liquid for some time to complete the decomposition of the phosphenyl 
pxj^chloride formed in the first instance. On evaporating the resulting solution 
which contains hydrochloric acid, the phosphenylic acid crystallises in colourless clino- 
rhombic laminse having a vitreous lustre. In pure water the acid is much more 
soluble, so that the solution requires to be much more highly concentrated before it 
will begin to crystallise, the whole then solidifying to a pulp of small felted laminje, 
enclosing a large quantity of mother-liquor. 100 pts. by weight of water at 15° dis- 
solve 23’5 pts. of the crystallised acid ; it dissolves readily also in alcohol. It melts 
at 158°, and when quickly heated to about 250° is resolved into benzene and meta- 
phosphoric acid, a decomposition exactly analogous to that of tribasic phosphoric acid 
into metaphosphoric acid and water, and to that of aromatic carboxylic acids into 
00^ and hydrocarbons. 

Phosphenylic acid slowly heated above its melting point gives off water, and 
leaves a residue of condensed phosphenylic acids. At 200°, two mols. of 
lose 1 mol. H^O, leaving di- or pyro-phospheuylic acid, (C‘^H^’)-(PO)"0(OH)-, 
and at 210® three mols. of the acid are converted, by loss of 2H-0, into triphos- 
phenylic acid, (C«H^)\P0)302(0H)2. 

1 mol. phosphenylic acid heated to 100° in a sealed tube with 1 mol. bromine 
in presence of water, yields — together with a small quantity of oil and unaltered 
phosphenylic acid — paradibromobenzene (m. p. 89°), hydrobromic acid, and phosphoric 
acid (Benzinger a. Michaelis, Ber. viii. 650). 

Phosphenylates. — Phosphenylic acid is a powerful bibasic acid, forming acid 
and neutral salts. The free acid precipitates neither barium chloride nor silver 
solutions, but on addition of a little ammonia, white precipitates are thrown down. 
The addition of sodium acetate also determines the precipitation of the silver salt. 

The neutral potassium salt, C^H^PO^K^, is uncrystallisable and very soluble. The 
acid salt, C'^H^PO^KH, is precipitated from its aqueous solution by alcohol as a 
crystalline powder. Neutral sodium phosphenylate, C®H®PO®Na“.12H“0, resembles 
the corresponding sodium phosphate. The acid salt ciystallises less easily in similar 
forms. 

Calcium pTiosphenylate, C®H®PO^Ca.2H^O, is a white, amorphous precipitate, 
soluble though with difficulty, in acetic acid. By evaporating this solution, the acid 
salt, (C®H®P0®)®H^0a2, is obtained, crystallised in beautiful shining scales, which are 
anhydrous. The add strontium salt, (C®H®PO®)2H2Sr.H^O, resembles the calcium salt. 
Zinc phosphenylate has the formula C®H®PO'*Zn.H®0. Copper phosphenylate is 
C®H®PO*Cu. Bilver phosphenylate, C®H®PO®Ag2 is a light white powder, not changed 
by light. Perric phosphenylate, (C®H®P0®)®Fe2.2^H20, is a yellowish white pre- 
cipitate. 

BHospbenyllc Etliers. Ethyl-phosphenylic acid, 0^'K^.P0.{00'^W){0'B.), 
is formed on adding phosphenyl tetrachloride to absolute alcohol, and leaving the 
solution to evaporate first on the water-bath, then over lime. It is a thick, heavy, 



PHOSPHENYLIO ACID. 


1577 


oily, non-volatile liq^nid having a fruity odour, and is quickly decomposed hy water 
into alcohol and phosphenylic acid. Its silver salt, C®H®.P0(002H®)(0Ag), separates, 
on mixing the alcoholic solutions of the free acid and silver nitrate, as a yellowish- 
white precipitate, quicldy blackening on exposure to light ; it is quickly decomposed 
by water, with separation of phosphenylic acid and silver phosphenylate ; ammonia 
and nitric acid dissolve it rejidily, though not without decomposition (Michaelis a. 
Mathias). 

Ethylphosphenylic acid is also formed by the action of water on the normal ether 
{infra). It unites with water, forming an unstable hydrate consisting of scaly 
crystals, which liquefy and give off their water even over sulphuric acid at ordinary 
temperatures. By prolonged contact with water, the acid ether is converted into 
phosph enylous acid (Kohler a. Michaelis, Be7\ x. 816). 

Normal Ethyl Bhosphenylate, C*B[®P(OC“H^)®, is formed by the action of 
sodium ethylate on phosphenyl dichloride. The reaction is rather violent, so that it 
is best to drench the sodium ethylate with ether, and gradually add the phosphenyl 
chloride, keeping tiffe retort well cooled. This ether is a colourless, very mobile 
liquid, having an intensely disagreeable odour, a density of 1*032 at 16°, and boiling 
at 235°.* It is insoluble in water, and is gradually decomposed thereby, yielding 
alcohol and ethylphosphenylic acid (Kohler a. Michaelis). 

Ehenyl Bhosphenylate, 0®H^P0.(0C®H5)^ is formed, together with mono- 
chlorobenzene and hydrochloric acid, by the action of phosphenyl tetrachloride on 
phenol : 

G«H=PCP + SCSH^OH = C«H5.PO.(OC«H5)2 + C^H^Cl + 3HC1, 

It crystallises in thin white needles melting at 63*5° ; is insoluble in water, but dis- 
solves readily in alcohol, ether, and benzene ; is scarcely attacked by aqueous potash, 
but easily resolved by hot alcoholic potash into phenol and phosphenylic acid. 

Phenyl phosphenylate is also formed, together with the chloride, 
C®H®.P0(00®H^)C1, by the action of phosphorus oxychloride on phenol. This 
chloride is converted by boiling water into phenylphosphenylic acid, 
C®H®.PO.(OH)(OC®H®), and may thus be separated from the normal ether. The acid 
ether forms long capillary needles melting at 57°, dissolves sparingly in water, easily 
in alcohol, ether, benzene, and alkalis. Its ammonium salt forms colourless needles ; 
the silver salt needles having a silky lustre (Michaelis a. Kammerer, Ber. viii. 48). 

Witroptiosplieiiylic Acid, C®H‘*(NO-).PO.(OH)“, is obtained by heating phos- 
phenylic acid to 100° with fuming nitric acid, and purified from unaltered phosphenylic 
acid by conversion into the barium salt {infra). It crystallises from ether in radiate 
groups of white needles, from water in cauliflower-like masses ; deliquesces in moist 
air ; melts at 132°, resolidifies at 105°, and explodes when heated above 200°. 

The normal barium salt, C®H\]SrO“).PO.O”Ba + 2H20, is prepared by agitating the 
cold solution of the crude acid with barium carbonate, filtering, and treating the 
undissolved substance with cold water as long as the filtrate gives a reaction of 
barium. Nitrophosphenylate of barium then dissolves, while the phosphenylate 
remains behind. This salt is more soluble in cold than in hot water, 100 pts. water 
dissolving 0*844 pts. of it at 22° and 0*646 at 100°. The acid hanum salt, 
(C®H®N02PO^)-Ba + 2H"0, crystallises in white laminae much more soluble than the 
normal salt. The calcium salt, C®H‘*(NO“).PO,O^Ca + ^H“0, is a yellowish-white 
amorphous powder. The silver salt, C‘’'H-‘(NO2).P0,(0Ag)‘‘^, obtained by precipitation, 
is a yellowish- white powder, easily soluble in ammonia and in nitric acid, sparingly in 
water, and separating therefrom in white laminae. The lead salt, C®JB['‘(N'0*).PO.O^Pb, 
is a white pulverulent precipitate. 

Solutions of sodium nitrophosphenylate give with ferric chloride a reddish, with 
cupric sulphate, on warming, a green fioceulent precipitate ; with cobalt nitrate a violet 
precipitate ; with mercuric, bismuth, and zinc solutions, white precipitates (Mehaelis 
a. Benziger, Ber. viii. 1310 ,* Lieh. Ann. clxxxviii. 275). 

AmidophosplienyUc Acid, C®H^(NBl-).PO.(OH)- (Michaelis a. Benziger, Ber. 
ix. 513 ; Lieb. Ann. clxxxviii. 275). When nitrophosphenylic acid is treated with tin 
and hydrochloric acid, stannous nitrophosphenylate first separates as a bulky yellow 
precipitate, which is subsequently reduced to amidophosphenylate ; and the liquid 
freed from tin by hydrogen sulphide leaves on evaporation a red viscid mass, from 
which, by washing with alcohol, amidophosphenylic acid is obtained as a greyish- 
white powder. 

This acid, when reerystallised from hot water, forms thin, white, glistening 

* In a former paper by Benziger a. Michaelis (Ber. viii. 1310), it is stated that normal ethyl 
phosphenylate obtained by the action of ethyl iodide on silver phosphenylate, boils at 207®, and the 
methylio ether similarly prepared at 247°. 
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needles, which at 280® acquire a bluish-green colour, and undergo decomposition 
100 pts. of water dissolve 0*43 pt. of the acid at 20®, and 0'52 pt. at 100® ; in alcohol, 
it dissolves but sparingly, and in ether not at all. Heated with soda-lime, it yields 
aniline and phosphoric acid. It dissolves readily in hydrochloric acid, forming a 
solution which is coloured permanently red by bleaching-powder. 

Sodium AmidophosphenyUte, CfiH4(NH2)P03]Sra- + SH^O, obtained by reducing the 
nitro-aeid with sodium-amalgam, crystallises in white prisms, which effloresce over 
sulphuric acid. The silver salt, G®H'*(NH2)PO(OAg)^, is a pale yellow precipitate, 
freely soluble in ammonia and nitric acid. The copper salt, C‘^H*(NH^)PO^Cu, is a 
bluish-green powder soluble in acetic acid. The lead salt, C®H‘‘(NH^)PO®Pb, is a 
white amorphous precipitate. 

Blazopliosphenylic Acid. When a hot solution of the amido-coinpound in 
nitric acid is treated for some time with nitrous acid and then concentrated, the nitrate 
of diazophosphenylic acid, C®H'^.N‘'^.N0®P0^H^4' 3H^O, separates out, and may be puri- 
fied by pressing and crystallisation from nitric acid. It forms '^hite prisms, is freely 
soluble in water and alcohol, sparingly in ether. It contains three molecules of 
water.. It gives off 2 mols. H^O at 130°, melts at 188®, and explodes at a few degrees 
higher^ llie potassium salt, C®H'*N^03P03K- + H^O, is obtained as a precipitate con- 
sisting of small yellow needles. The harkm salt, C®H^N®0*PO^Ba + 3H“0, crystal- 
lises from water in reddish-yellow glistening needles, which lose their water at 130® ; 
it is very explosive. The silver salt, O^H'^N^O^PO^Ag^, is a red, amorphous, very 
sparingly soluble powder. The lead salt, C^H^N^O^POTb, is a yellow powder. The 
aqueous solution of the free acid is very stable, and does not give off nitrogen on 
boiling; it does not show the reaction of nitric acid until boiled with an alkali 
(Michaelis a. Benziger, loc. cit) 

PKOSPHEXO'irXiOtrs ACIB, CWP02 = C®H\P(0H)2 (Michaelis a. Ananoff, 
Ber. vii. 1688). This acid is formed when phosphenyl dichloride is allowed to drop 
gradually into water, and separates on heating the liquid product to boiling, and 
filtering, either as an oil or in white leaflets : 

C^H^PCP + 2H20 = C<5H=P(OH)2 + 2HCL 

100 pts. of boiling water dissolve 211 pts. of ];)bospheuylous acid, while 100 pts. 
of cold water dissolve only 7’23 pts. The acid is readily soluble in alcohol, and 
melts at 70®, but decomposes at a higher temperature (170®--250®) in accordance with 
the equation 

8C«Hsp(OH)-‘ - O^H^PH^ -}- 2C«H« + 2HPO». 

Probably this decomposition takes place in two stages, thus : — 

(1) . 3C“JPP(OH)2 == C«H«PH2 + 2C«H'P0(0H)'^. 

(2) . C«H‘PO(OH)'-5 =: PO«H + C«H«. 

Phospbenylons acid is monobasic, and reduces merciu'ic chloride to calomel, 
sulphurous acid to sulphur, and silver nitrate to the metallic state. 

The following salts have been obtained ; — C'^H^PO’-KH + 2H-0, deliquescent 
needles; C®H®PO‘'^H(NH'0, deliquescent rhombic tables; (C®H^PO-H)”Ca, foliated 
crystalline mass ; (C®H®PO^H)-Ba f 4H-0. shining rhombic crystals ; (C‘^H^PO“H)'“Pb, 
slightly soluble needles ; (C®H®PO-H)^Fe, wdiite amorphous precipitate. 

When phosphenylous acid is treated with phosphorus pentachloride, an action 
takes place, resulting in the formation of phosphenyl oxychloride, thus: 

OPH(OH)C«H® -h 2P0P = OPCP.C«H= + POOP + PGP + 2HG1. 

This reaction points to the conclusion that phosphenylous acid is correctly repre- 
sented by the constitutional formula OPH(OH)G®H*, and phosphorous acid by the 
corresponding formula OPH(OH)“, as abeady inferred from the action of that acid on 
phosphenyl tetrachloride (p. 1575). 

Waen phosphenylous acid is subjected to the action of chlorine, the H-atom 
attached to the phosphorus is not replaced by chlorine, but a brisk reaction takes 
place, resulting in the formation of pyrophosphenyloiis acid and phenyl-phosphine, the 
latter being subsequently carbonised by the excess of chlorine. 

PHOSPKIBBS. On Hydrogen Phosphide, see Phosphines. 

Metallic phosphides. — Many of these compounds are decomposed by beat, 
and cannot therefore be obtained by the action of phosphorus on metals at high 
temperatures under ordinary atmospheric pressure. Complete union, however, may 
frequently be effected by beating the metals in the form of wire or foil with phos- 
phorus in sealed glass tubes, protected by enclosing them in iron tubes filled with 
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magnesia, a dull red heat being kept up for eight to ten hours, and the tubes being 
opened in an atmosphere of carbon dioxide. 

Co^j)&T p'hosj)hide, CuP, thus prepared, is a pulreralent silvery mass, of sp. gr. 5*14, 
insoluble in hydrocWoric acid, oxidised by nitric acid. Magnesium phos^pUde is a 
bluish-green very unstable substance, oxidising rapidly to phosphate on exposure to 
the air. Silver phos^hidet AgP, is black and very brittle ; leaves metallic silver when 
ignited. Cadmium phosjphide, Od^P, is a greyish or sometimes silver- white mass, 
dissolving in hydrochloric acid with evolution of phosphine. Zinc phosphide, Zn^P-, 
is a crystalline mass. No other phosphide of zinc was obtained by the process above 
described (comp. v. 1073; vi. 1134; vii. 1214). 

Tin phosphides^ SnP, and SnP^ were obtained according to the proportion of 
phosphorus used. The first is tin- white ; the second black and brilliant, and splits 
into thin plates. Sp. gr. of SnP^ ==4*91 at 12°. This compound is not attacked by 
hydrochloric acid. Aluminium and mercury were not attacked when heated with 
phosphorus as above described ; iron only superficially (Emmerling, Bar. xii. 152). 

On the preparation of Metallic Phosphides by precipitation, see vii. 949. 

PHOSPHINES. Bhosphiney or Gaseous Hydrogen Phosphide, PH^, may be 
obtained in the pure state by decomposing phosphonium iodide with water, or by the 
action of sodium ethylate on phosphorus in alcoholic solution ; aqueous or alcoholic 
solutions of ammonia yield only traces of phosphine. The formation of spontaneously 
inflammable phosphine by the action of aqueous alkalis on phosphorus is not prevented 
by the presence of glycerol. 

Phosphine reduces sulphcric acid with extraordinary energy, but without at first 
producing any visible alteration ; as soon however as the acid is saturated with the 
gas, it suddenly becomes so hot that the phosphine is set on fire. If the^ liquid be 
cooled, sulphurous acid is formed and sulphur deposited. With an alcoholic solution 
of mercuric cyanide, phosphine produces a yellow precipitate extremely sensitive to 
light and containing mercury, cyanogen, phosphorus, pd hydrogen. A similar, but 
red-brown, and still more easily alterable precipitate, is formed in an alcoholic solu- 
tion of mercuric cyanide by arsine, AsH*. Stibine, SbH®, reduces mercuric cyanide 
even more energetically, throwing down nothing but metallic mercury (W. R. Hodg- 
kinson, Chem. News, xxxiv. 14, 67, 167). 

Phosphine is slowly decomposed by sulphur in sunshine, yielding reddish-yellow 
phosphorus sulphide and hydrogen sulphide : 2PH^ + 6S = P'S® -H SH^S (F. R. 
Jones, Chem. Soc. J. xxix. 648). 

On the preparation of Phosphine Hydriodide, or Phosphonkcm Iodide, PH^I, see 
A. W, Hofmann (vii. 951). On the reaction which takes place in the formation of 
this compound, see H. Lissenko {Ber, ix. 1313 ; Chem, 8oc, J. xxxi. 46). 

Liy^dd Hydrogen Phosphide, P^H*. — The following method of preparing this com- 
pound for lecture experiments is described by Hofmann {B&ir, vii. 531). A thick- 
walled U-tube, three or four millimeters in diameter, and provided with a stop-cock 
on each arm, is surrounded by a freezing mixture (16° to 20°), and receives the phos- 
pboretted hydrogen prepared from 30 to 50 grams of freshly made calcium phosphide. 
A wide glass tube in the cork of the generating flask, dipping beneath the surface of 
the water (at about 60°), serves for the introduction of the phosphide. While the 
liquid is being collected, spontaneously inflammable phosplioretted hydrogen escapes ; 
and on displacing this by a stream of carbon dioxide, the bright flame is replaced by a 
scarcely luminous green flame, of so low a temperature that a taper cannot be lighted 
at it. This flame is caused by the liquid phosphoretted hydrogen in the stream of 
carbon dioxide coming in contact with the air. The carbon dioxide may be replaced 
by a stream of some combustible gas, e.g. hydrogen, and a luminous flame again 
obtained. 

On Isopropyl-, Isobutyl-, and Isopentyl- or Amyl-phosphines, see vii. 955. 

Trimethylphosphine Hydriodide, P(CH®)®HI, is formed by heating 1 pt. carbon 
disulphide with 3 pts. phosphonium iodide in a sealed tube at 150°: 

3CS2 + 4PHH = P(GH®)3HI + SE^S + SPSI. 

On cooling, the contents of the tube solidify to a brown crystalline mass mixed here 
and there with red needles ; and this product, mixed with soda-ley and agitated with 
ether, yields trimethylphosphine with aU its characteristic properties (iv. 609). The 
red crystals contain phosphorus, sulphur, and iodine (Drechsel, «7. pr. Chem, [2], 
X. 180). 

Pbenylpliospliine, C®H®PH®. Phosphaniline (Michaelis, J5er. vii. 6; Kohler 
a. Mchaelis, ibid, x. 807). This base is formed, together with phosphenylic and 
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phosphenylous acids, by the action of alcohol on phosplienyl-hydrogen iodide, accord- 
ing to the equation, 

4(C6HSPI-.HI) + 12C2HSOH = + 2CsH5P03H2 + O^H^PO^H- + iWO 

+ 12C2H®I, 

the phosphenylous acid being further resolved on heating into phosphenylic acid and 
phenylphosphine : 

3G«H®P02H2 =: 20«H5PO®H3 + C^H^PH-. 

The residue left after distilling off the alcohol yields, when heated above 250°, a 
mixture of water, benzene, and phenylphosphine, the phosphenylic acid being fii^t 
resolved into water and pyrophosphenylic acid, 2C®H®PO^H- ==H^O + C‘-H-^P=^0^ and 
the latter at higher temperatures into benzene and P“0®, which with the water forms 
metaphosphoric acid. Phenylphosphine may also be prepared by adding phosphenyl 
dichloride (p. 1 575), holding phospWus in solution, gradually, land w-ith agitation, to 
excess of alcohol, and distilSng the filtrate in a stream of carbon dioxide. 

Phenylphospliine is a colourless, highly-refractive liquid, having a pungent odour, 
a density of POOl at 15°, and boiling at 160°-161°. "With free oscygen^ it combines 
energetically to phosphenylous acid, the action being attended with inflammation 
unless tie liquid is cooled. It also unites directly with sulyhur, forming phenyl- 
phosphine sulphide, C^H^PH^S, a thick liquid, which on continued heating breaks 
up into isophosphophenyl sulphide (p. 1575), phenylphosphine, and hydrogen 
sulphide : 2C®H®PSH‘‘^ = C®H®PS + C®H^PH^ + The action of sulphur on phenyl 
phosphine likewise gives rise to a crystalline substance, insoluble in ether, which 
appears to he triphosphenyl sulphide, (C®H''^P)-'’S ; it melts at 138°, is also 
soluble in hot nitric acid, and does not separate on cooling. 

JPhmylyhosphonkm iodide, is produced by direct combination of 

phenylphosphine with dry hydrogen iodide. It forms white needles, which, by 
heating in an indifferent gas, or by contact with water, are resolved into hydriodic 
acid and phen 3 dphosphine. 

Phenylphosphine is but slightly soluble in concentrated hydrochloric acid, but 
the solution mixed with platinum chloride yields phenylphosphonium platiiiochloride, 
(C«H^PH3Cl)2Pt0P. 

Diethylphenylphosyhine, C®H®P(O^H®)-(Michaelis a. Ananoff, Ber. viii. 493). 
The zinco-chloride of this base is formed by gradually adding phosphenyl dichloride 
to zinc-ethyl, both being diluted with benzene ; and remains on removing the solvent 
by distillation as a viscous liquid which, when decomposed by sodium carbonate and 
then saturated with caustic potash, yields the free base in the form of an oily layer. 

Diethylphenylphosphine is a colourless pungent liquid, boiling at 221 ’9° (corr.), 
and having a specific gvavity of 0*9571 at 13°. It is but slowly oxidised in the air, 
but if heated in oxygen, it explodes and deposits carbon. Pure chlorine causes its 
ignition, but chlorine diluted with air converts it into the normal chloride, 
PC'*H^(C''^H®)‘C1“, and sulphur unites with it, forming the corresponding sulphide. 
Diethylphenylphosphine, though a distinctly characterised base, does not yield well- 
defined salts. With hydrochloric acid, it yields a solid monohydrochloHde and a 
liquid dihydrochloride, both unstable and ill defined; platinum chloride added to the 
hydrochloric solution of the base throws down a crystalline yellow salt, containing 
[PC«H“(C‘Hs)'*^HCl]TtCP. 

Diethyly>he7iylpJiosphine chloride, (0‘'^H®)^C®H^PCP, is produced as above indicated, 
and forms a thick oily liquid which fumes slightly in the air, and has a faint but not 
disagreeable odour. Heat decomposes it, with separation of carbon, but if strongly 
cooled, it becomes solid and crystalline ; when dissolved in cold water, it yields an 
opalescent solution which becomes clear on heating. 

Diethylphenylphosphine oxide, (C-H®)^C®H^PO, is very slowly formed by direct 
oxidation, but can be readily prepared by evaporating an aqueous solution of the 
chloride and removing the last trace of hydrochloric acid by means of silver oxide. 
The crude oxide when distilled condenses to a crystalline solid, which has a fruity 
odour, is very soluble and deliquescent, melts at 55°~56°, and boils above 360°. 

Diethylphenylphosphine sttlphide is a viscous substance, formed by the direct 
combination of the base with sulphur. It is almost insoluble iu water, has an un- 
pleasant smell, solidifies in a freezing mixture, and boils above 360°. 

Triethyl phenylp>ho$phonium iodide, (C“H^)3C«H*PI, is produced by the direct union 
of diethylphenylphosphine and ethyl iodide, and forms white needles which melt at 
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115®, and are not decomposed by aqueous potash, but silver oxide acts on it, -with 
production of the hydroxide, a white crystalline alkali, capable of precipitating 
aiuminium or copper salts. The ^latinoeklwide, [PC®H®(C^H*)^C1]^ + PtCl"*, crystal- 
lises in orange-yellow leaflets, melting below 100°. 

Methyl’diethyl^henyl'phosjphomum iodide, (CH®)(C^H“)2C®H*PI, prepared in the same 
manner as the corresponding triethyl-compound, methyl iodide being used in the 
place of ethyl iodide, forms snow-white ciystals, which melt at 95°. The hydroxide 
ixnd. ylatinum salt resemble those of the ethyl-base. 

Dimeihyljphenylyhosjphine, (CH®)^PC®H^, prepared like the diethyl com- 
pound, forms a colourless, highly refracting liquid, insoluble in water, boiling at 192° 
(corr.), and having a specific gravity of 0*9768 at 11°. It has a much more powerful 
odour than the diethyl-base ; oxidises quickly in the air ; and forms a solid mono- 
and a liquid di-hydrochloride. 

The iodides, hydroxides, and platinochlorides of ethyldimethylphenylphosphonium 
and trimethylphenylphosphonium have likewise been prepared. 

PHOSPHZlsrXC *ACZBS. These acids, represented by the formulse PH-RO^ 
and PHR-0^, or PO(OH)-R and PO(OH)R^ R denoting a monatomic alcohol-radicle, 
are formed from the primary and secondary phosphines by fixation of 3 and 2 atoms 
of oxygen, and may be regarded as orthophosphorie acid, PO(OB.)®, in which one or 
two of the on-groups is replaced by an alcohol-radicle. The phosphinic acids of the 
fatty series have already been described (vii. 956); also phenylphosphinie acid, 
PO(OH)‘^C®II®, at p. 1576 of this volume under the name oi phos^keriylic acid. 

Di^he7iylyhosyhinic acid, PO(OH)(C®H®)', is formed by beating 1. moL 
phosphenyl dichloride with 2 mols. mercury-diphenyl and benzene to 160°. It dis- 
solves in boiling hydrochloric acid, and crystallises from boiling nitric acid in long 
needles. It is insoluble in water, slightly soluble in cold alcohol, and melts at 174°. 
Its silver salt crystallises in white silky needles (Michaelis a. Graff, Per. viii. 922, 
1304). 

PHOSPHOBEWZEaWE, or BIPKOSPHEWSTI,, C^2H^op2 = C®H^Pn=P.C«H^ 
is prepared by adding phosplienyl dichloride (16 gr.) in drops to phenylphosphine 
(20 gr.) in a reflux apparatus through which a stream of dry hydrogen is passed : 

C«H"PH- -J- C^H^POP - 2HC1 4- C^H^PxxC^H^P. 

At the end of the reaction, which must be assisted by gentle heating to remove the 
last traces of hydrochloric acid, a residue is obtained consisting of diphosphenyl in 
the form of a yellowish powder insoluble in hot water, also in alcohol and in ether. 
This compound, on exposure to air, is oxidised to diphosphenyl oxide, or 
C‘>H^P. 

oxyphosphobenzene, | ^0. 

By oxidation with mfric acid it is converted into phosphenylous or phosphenylic 
acid. Chlorine acts violently on phosphobenzene, producing inflammation; when 
diluted with carbon dioxide it acts more regularly, forming phosphenyl dichloride ; 
oxyphosphobenzene similarly treated yields the dichloride and oxychloride of phos- 
phenyl. Hydrochloric acid converts phosphobenzene into phenylphosphine and 
pho^phenylous acid. Strong sulphwic acid decomposes it, with evolution of sulphur 
dioxide ; dilute sulphuric acid and alkalis do not act upon it. 

PHOSPHOMOX.'SrBBAXES. See Molybdenum (p. 1335). 

PHOSPHORITE. See Phosphates (p. 1597). 

PHOSPHORUS. Occurrence in Aoicient Iron. — A scoria produced in Roman or 
Etruscan times from the specular iron ore of Elba, was found to contain 0*34 per cent. 
P-0^ which is about eight times as great as the proportion in the natural ore, usuaEy 
0-04 per cent. A piece of metallic iron ffom the same district gave 0*096 per cent. P , 
other specimens from 1*08 to 1*10 per cent. (A. E. Arnold, Chem. Aewa, xl. 13»). 
On the proportion of phosphorus in Belgian iron ores and in the pig-iron and malleable 
iron prepared therefrom, see p. 1111. 

Determinations of the Specific Gravities and Expansion-coefficients of phosphorus 
in the solid and liquid states have been made by Pisati a. De Pranehis (p. 936). 
According to the same authorities phosphorus melts at 44*4°-44'5®, and boils under 
762 mm. at 278*3°. 

On the Phosphorescence of phosphorus, see Joubert {Compt. 7'end. Ixxviii. 1853). 

Crystals of Phosphorus. — W. D. Hermann {Ber. vi. 1415) has obtained crystals of 
phosphorus by placing a piece of phosphorus at one end of a tube, exhausting the air 
with a Sprengel pump, then melting the phosphorus, and keeping it in the dark. After 
a few hours, a row of shining points becomes visible, and these in two or three days 
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grow to distinct crystals, attaining in a montli or six weeks a diameter of 3 to 5 mm. 
They are colourless and transparent, with diamond lustre and great refracting power, 
but become yellow and opaque on exposure to light. According to Maskelyiie s 
measurements, they exhibit the faces of the cube, octohedron, dodecahedron, tetrukis- 
hexahedron, triakis-octohedron, and ikositetrahedron. 

Eed phosphorus may be obtained in the crystalline state by heating ordinary 
phosphorus nearly to the softening point of difficultly fusible glass (about 503*^).^ The 
allotropic phosphorus thus obtained had in the compact state the aspect of a violet- 
black fused body, with couchoidal fracture and translucent edges, and the crystals were 
found in cavities of this mass (Troost a. Hautefeuille, Co77ipt, rend, Ixxvi. 1175). The 
same authors also find {ibid. Ixxviii. 748) that the density and heat of combustion of 
red phosphorus vary continuously according to the temperature at which it has been 
prepared, and it is only in the crystallised state, obtained as above, that red phos- 
phorus exhibits the characters of a definite chemical species. Its density in this state 
is 2-34 at 0°, and 1 gram in burning evolves 5272 gram-degrees of heat. Phosphorus 
prepared by heating for 650 hours in an oil-bath at 265° has a density of 2T48 at 0°, 
and 1 gram in burning gives out 320 heat-units more than crystallised red phosphorus ; 
ordinary red phosphorus gives out 580 units more ; the product obtained at 360° has 
a density of 2T9, and gives out 290 units more ; that prepared at 500° has a density 
of 2*293 and likewise a greater heat of combustion, whereas the heat of combustion of 
the fused product obtained at 180° is less by 50 units than that of crystallised red 
phosphorus. Hittorf, by heating red phosphorus to 530° in a vacuous tube and 
allowing the vapour to condense in the upper part heated only to 447°, obtained it in 
red crystals which he describes as rhombohedrons approaching very nearly to the 
cube (vi. 933). 

The phenomena attending the conversion of ordinary into red phosphorus are 
analogous to those observed in the conversion of liquid cyanic acid into cyaniliiie 
( vi. 518). The vapour of the phosphorus first acquires the maximum tension correspond- 
ing with the temperature at which the change takes place ; and this tension gradually 
diminishes during the formation of the red phosphorus, till it attains a certein value 
representing the transformation-tension at the same temperature. The following 
table shows the two tensions observed at different temperatures : 


Temperature 

Maximum-tension 

Transf ormation -tension 

360 

3*2 

0*12 atm. 

440 

7-5 

175 

487 

— 

6*80 

494 

18*0 

— 

603 

21*9 

— 

510 

— 

10*8 

611 

26*2 

— 

531 

— 

16*0 

550 

— 

31*0 

677 

— 

56*0 


The black phosphorus, obtained, according to Blondlot (iv. 5(»3), by sudden 
cooling of melted phosphorus, previously distilled in a stream of hydrogen, is, accord- 
ing to E. Bitter {CoTupt, rend. Ixxviii. 192), a mixture of phosphorus with phosphide 
of arsenic. Erom pure phosphorus Bitter was unable to obtain a black modification \ 
but after fusion under a solution of arsenious or arsenic acid, and remaining for some 
time in contact with the solution, it became black ; and on treating it with carbon 
sulphide, the pure phosphorus dissolved out, and phosphide of arsenic was left in the 
form of a shining black powder having nearly the composition As''^B. 

Beactions. Detection. Estimation. — Pure phosphorus precipitates gold, 
copper, and palladium from solutions of their salts in the metallic state ; silver as 
phosphide; whereas platinum, uranium, nickel, iron, zinc, cadmium, and cobalt are not 
precipitated by phosphorus (Bottger, Chem. Centr. 1878, 208; compare iv. 506). 

0)1 the detection and estimatmi of Phosphorus in Iron and Steel, see Iron (p. 1102), 
For the detection and separation of phosphorus in Food-residues, and other fatty 
substances, A. von Bastelaer proposes a method depending on the solubility of 
phosphorus in ether, and its complete indifference to a strong solution of ammonia. 
The substance to be tested, after being mixed with water to a thin paste, is briskly 
agitated several times with ether ; the ether is left to evaporate at the ordinary tem- 
perature in a shallow dish ; and the residue is carefully treated with warm water at 
50°-60°, whereupon the phosphorus, with part of the fat, collects together under 
the water, to a liquid spherical mass from which the fat may be dissolved out by 
strong aqueous ammonia {H, Jahrh. Pharm. xl. 24 ; Pharm. J. Tra7is, {3], iv. 322). 
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Detection and Estimation of Dkosphoric Acid. — Small qnantities of free phosphoric 
acid in solution may be detected by introducing a ring of platinum •wire, wetted with 
the liquid, into a colourless hydrogen-fiame close to the end of the efftus-tube, where- 
upon, if phosphorus is present, the dame immediately becomes green. The presence 
of soda interferes with the reaction ; if metallic or earthy-alkaline phosphates are 
present, it may be developed by moistening the loop of wire with sulphuric acid 
(F. Selmi, Gazs:. chim. ital. 1876, 34). 

The following method of detecting and estimating phosphoric acid by the blow- 
pipe, depending on the opalescence imparted to a borax-bead by a certain quantity of 
phosphoric acid, is described by A. W. Boss {Chem. News, xxxii. 217). This opalescence 
is directly produced by the phosphates of the alkali-metals and heavy metals, also by 
cast-iron, many tourmalines, axinite, and similar minerals. Its strength may be deter- 
mined by comparison with a bead of the same size, to which the same degree of opal- 
escence has been imparted by a standard solution of phosphoric acid. The phosphates 
of the alkaline earths form white beads like snow-balls ; those of the earths form amor- 
phous fragments whi(^h float in the transparent borax-bead. To set free the phosphoric 
acid from these compounds, and develop the opalescence, the borax-bead is fused with 
about a third of its volume of magnesixim sulphate, and the white opaque bead thus 
produced is made clear again by cautious addition of a small quantity of potassium 
carbonate. If now into a bead thus prepared there be introduced the smallest quantity 
of a phosphate, it will be decomposed on heating, and as the bead cools, the charac- 
teristic opalescence will appear, and may be compared with that of a standard bead 
prepared in a similar manner. 

Estimation as Ammonio-magnesiim Phosphate. — The degree of accuracy attainable 
by this method has been carefully investigated by T. B. Ogilvie {Che m' News, xxxi. 
274 ; xxxii. 5, 12, 70). The experiments were made on a quantity of hydro-disodie 
phosphate containing 0*2021 gram P“0^ with a magnesia mixture containing in 1 c.c. 
0*0613 gram MgCP, 0*1401 gram NH'^Cl, and 0*0191 gram NH®, the same excess of 
free ammonia being present in each experiment. The volume of solution was in every 
case about 100 c.c., and the time allowed for precipitation six hours. When the 
excess of magnesia used did not exceed 58 per cent, of that required, the results were 
absolutely correct ; with a large excess of magnesia the results became rather excessive. 
When sulphate of magnesium was substituted for the chloride, accurate results were 
obtained with an excess of 13 per cent., but with 58 per cent, and upwards they 
became too high. Chloride of ammonium, up to 2*5 grams, diminished but very 
slightly the weight of precipitates obtained with an excess of 13 and 58 per cent, of 
magnesia. Sulphate of ammonium, up to 0*5 gram, had no effect with an excess of 
58 per cent, magnesia. Oxalate and citrate of ammonium, or mixtures of the two, 
considerably diminished the precipitate when a small excess of magnesia was present, 
but with a large excess of magnesia the results were much too high. There is thus 
for every proportion of oxalate and citrate a proportion of magnesia which •will give 
an accurate result by a balance of errors. When the solution contained 0*035 gram 
ferric oxide, 0*013 gram alumina, 0*5 gram ammonia, and 1 gram of citric acid, the 
results with an excess of 58 per cent, and upwards of magnesia were rather too high. 
With the quantities of ferric oxide, alumina, and citric acid doubled, the results with 
the same magnesia were distinctly too low. The citric acid in both cases was sufidcient 
to yield a precipitate free from iron. When the alumina was increased to 0*26 gram, 
and the citric acid to 4 grams, the results became very low. In the last two cases an 
increase in the proportion of magnesia did not increase the precipitate. The removal 
of the mother-liquor, and the solution and reprecipitation of the ammonio-magnesic 
phosphate, is attended with loss if the original precipitate is pure, but if it contains 
an excess of magnesia the result may be correct, the excess of magnesia hindering the 
solvent action of the ammonium salts. Precipitation at the boiling heat gives accurate 
results with pure solutions and a small excess of magnesia, but with a large excess of 
magnesia the results are higher than in the cold. In presence of ammonium oxalate 
and the other salts mentioned above, the results obtained at boiling heat are more 
irregular, and generally higher than in the cold. 

The general conclusion drawn from these experiments is that the opposite errors 
due to the solubility of ammonio-magnesium phosphate in oxalate and citrate of 
ammonium, and to the precipitation of basic salts in presence of excess of magnesia, 
are the cause of a wide range of results in commercial analyses, and that accuracy can 
be obtained only when the phosphoric acid exists as an alkaline salt, or is brought 
into this condition by the, molybdic method. 

In a paper read by E. M. Dixon, before the Philosophical Society of Glasgow, 
January 18, 1875, it is shown that the presence of large quantities of sodium or 
ammonium sulphate increases the weight of the ammonio-magnesic phosphate. Also 



1584 


PHOSPHORUS : BST1MA.TIOH. 


that oxalate and citrate of ammonium retard precipitation ; that, in the case of the 
oxalate, precipitation is complete in twenty-four hours : but that with a large pro- 
portion of citrate, and a small excess of magnesia, precipitation is incomplete even 
then. As the solvent action of the oxalate is certainly, and that of the citrate probably, 
removable by the use of excess of magnesia and long standing, Dixon suggests such a 
procedure as the first stage of the determination, the impure precipitate to be finally 
redissolved and reprecipitated, in presence of a very small excess of magnesia. 

J. Hughes {Chem. News, xxxi. 209) observes that the magnesia-method, when 
applied to the analyses of native phosphates, is apt to give results in excess, unless 
the original hydrochloric acid solution of the mineral has been previously evaporated 
to dryness, as in the contrary case the ammonia-magnesium phosphate may become 
mixed with more or less magnesium silicate. 

As Phosphomolybdaie.—O. Hehner {Analyst, 1879, 23) gives a review of all that 
has been previously contributed towards the estimation of phosphoric acid, either 
directly as phospho-molybdate, or indirectly by dissolving this precipitate in ammonia, 
precipitating with magnesia mixture, and weighing as magnesium pyrophosphate. 
The objection to weighing the dried phospho-molybdate precipitate is that it is found 
to contain percentages of phosphoric anhydride varying from 3-14 to 3*90. The 
explanation given by Lipowitz, that this variation is due to MoO^ accompanying the 
precipitate in varying proportions, is confirmed by Hehner, who also finds that the 
quantity of MoO^ precipitated increases with the temperature at which the precipitation 
took place. Hence low temperatures (30°-35° C.) should be employed. The molybdic 
solution is best prepared according to the directions of Fresenius, by dissolving 1 pt. 
of molybdic acid in 4 pts. of ammonia of 0*96 sp. gr., and pouring this solution slowly 
into 15 pts. of nitric acid of 1*2 sp. gr., avoiding all rise of temperature. When the 
precipitate was thrown down by means of the above molybdate solution in a solution 
previously nearly neutralised by addition of ammonia, and at a low temperature, it 
was found to be free from molybdic acid. It was soluble in 21,186 pts. of water, in 
8,117 of strong alcohol, and in 13,513 of dilute alcohol : hence this precipitate may 
be washed with dilute alcohol without sensible loss, and this liquid is to be preferred 
to water, because it does not cause the precipitate to pass through a good filter. 
Direct experiment showed that no one of these three liquids dissolved the precipitate 
sensibly when used for washing. 

To obtain the precipitate in a form suited for weighing, the phosphate is pre- 
cipitated with the precautions already mentioned, avoiding too great concentration of 
the solution, which encourages the simultaneous precipitation of molybdic acid. This 
precipitate is washed with dilute alcohol, leaving as much of the precipitate a,s 
possible in the beaker, the precipitate is dissolved from the beaker and filter by 
ammonia solution, and this solution is evaporated to dryness on the water-bath, the 
evaporation being several times repeated after the successive addition of small 
quantities of water. The precipitate then consists of ammonium phosphate and acid 
ammonium molybdate. It may be dried at 100° and weighed, a constant weight 
being quickly obtained, since all the ammonia which ordinarily escapes during the 
drying process has been removed by the repeated evaporations. The weight of thin 
precipitate divided by 28*5 gives the weight of the phosphoric anhydride present. Com- 
parative results obtained by this method and by weighing as magnesium pyrophosphate 
were closely concordant. The precipitation requires only two or three hours, and tht 
estimation may he easily completed in a day. The molybdic acid may be recovered 
from the residues by acidifying with nitric acid, adding sodium phosphate, dissolving 
the precipitate formed on lieating in ammonia, precipitating the phosphate with 
magnesia mixture, and the molybdic acid from the filtrate by nitric acid. The 
molybdic acid is then filtered, washed, and dried. 

See also Finkener {Ber. x. 1638 ; Chem. 3oc. J. xxxvi. 275). 

According to H. W. Atkinson {Chem. News, xxxv. 127), silica, if present, must be 
separated previous to the precipitation of phosphoric acid by ammonium molybdate ; 
according to E. H. Jenkins, on the other hand {Sill. Am. J. [3], xi. 204), the presence 
of silica does not interfere with the result. 

0. Kerschelt {JDingl. pol. J. ecxxv. 158) precipitates phosphoric acid with a solution 
of potassium molybdate prepared by dissolving 1 pt. MoO^ in 2 pts. KHO in 12 pts. 
hot water, mixing the cooled liquid with a solution of 1 pt. tartaric ticid in 4 prs. 
water and with 15 pts. nitric acid, then boiling and filtering. The precipitate of 
potassium phospho-molybdate dried at 120° contains 3-956 per cent. 

As TJraniG Phosphate (iv. 544). — According to A. Kitchin {Chem. News, xxvii. 
199), this salt is least soluble and is precipitated most quickly when the solution 
contains a sufficient quantity of ammonium acetate, and only a slight excess of acetic 
acid. After washing, drying, and ignition, the precipitate should be repeatedly 
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moistened with nitric acid and re-ignited till its colonr is no longer green, bnt pure 
yellow. Its composition is represented most nearly by the formula or 

2U03.F0^ [U-240]. 

Belohoubek (Bohm. Ges. Ber, 1876, Heft. 4), after precipitating the phosphoric 
acid with uranic acid, reduces the precipitate to uranous phosphate, determines the 
quantity of uranium in the resulting acid solution by means of a standard solution of 
permanganate, and thence deduces the amount of phosphoric acid present. 

As Bismuth JPhosphate , — E. Dransard {ATn&r. Chem. vi. 401) recommends a modi- 
fication of Chancel’s method (iv. 543), which consists in carefully neutralising the 
acid solution with sodium carbonate before adding the bismuth nitrate, and fusing the 
di'ied precipitate of bismuth phosphate and other basic bismuth salts with sodium 
carbonate in a small porcelain crucible, whereby sodium phosphate and metallic 
bismuth are formed. The sodium phosphate is dissolved out by water, the solution 
acidulated, and the phosphoric acid precipitated by ammoniaeal solution of calcium 
chloride as calcium phosphate, which is then treated in the usual way. 

Volumetric Methods, — An acidi metric method for the estimation of phos- 
phoric acid and the quantity of alkali which must be added to a mixture of soluble 
alkaline phosphates to bring it up to trisodie phosphate, Na®PO^, is described by Maly 
a. Hinterberger {Zeitsohr, anal. Chem, 1876, 417). The solution is first made alkaline 
with excess of soda-ley, so as to ensure the formation of trisodie phosphate, and 
barium chloride is then ^ded, whereby the whole of the phosphoric acid is precipitated 
as barium phosphate, and it only remains to determine the excess of alkali added by 
back titration, which may be done with normal hydrochloric acid, using corallin as 
indicator. The liquid must be kept hot, but it is not necessary to remove the barium 
phosphate by filtration. The method is especially applicable to free phosphoric acid 
and alkaline phosphates, but the solution must not contain any salts of the heavy 
metals. 

J. Macagno {Gazz. cMm, ital. 1874, 667) estimates phosphoric acid volumetrically 
by precipitating it as ammonium phosphomolybdate, reducing the molybdic acid 
therein contained to Mo-0^ with zinc and sulphuric acid, and reoxidising this oxide 
after removal of the zinc with a standard solution of permanganate. 

A modification of Liebig’s volumetric method of estimating phosphoric acid, viz. 
precipitation in acetic acid solution with a standard solution of ferric chloride, with 
potassium ferrocyanide as indicator, has been proposed by W. Stoddart {Amer. Chem. 
V. 235), consisting in the substitution of thiocyanate for the ferrocyanide, whereby 
the recognition of the end-reaction is greatly facilitated. 

Comparison of various Methods. — M. Joulin {Chem. lUfews, xxvii. 228, 309, 314) 
has made comparative experiments on the various methods in use for the estimation 
of phosphoric acid, from which he draws the following conclusions. The precipitation 
of phosphoric acid by ammo7iia and a magnedicm salt^ in presence of an excess of 
ammonium citrate, affords an excellent method of separating phosphoric acid from the 
bases usually associated with it, but the results obtained by direct weighing of the 
precipitate are too high. The separation of phosphoric acid by uranic nitrate from a 
solution slightly acidulated with acetic acid, gives results which are too low, if lime, 
ferric oxide, or alumina is likewise present. The most exact results are obtained by 
precipitating the phosphoric acid with a solution containing 400 grams citric acid and 
20 g. magnesium carbonate in 200 litres of water mixed with 500 c.c. ammonia of 
22° B. This liquid is to be diluted with water to 1 litre. In the resulting pre- 
cipitate the phosphoric acid is estimated by titration with uranium solution. 

Experiments on the relative accuracy of various methods of estimating phosphoric 
acid have also been made by Abessei’, Jani a. Marcker {Zeitsekr. anal. Chem. 1873, 
239 ; Chem. 8oc. J. xxvii. 387), who find that in the precipitation with magnesia- 
mixture, exact results are obtained only when this mixture is prepared with chloride 
instead of sulphate of magnesium, as in the latter case, the precipitate is always mixed 
with a certain quantity of basic magnesium sulphate which, if not compensated by the 
solubility of the ammonio-magnesium phosphate, is likely to make the results too 
high. With regard to the time required for complete precipitation of the phosphoric 
acid, they find that with a solution containing OT to 0*15 g. phosphoric acid in 110 c.c. 
three or four hours standing is quite sufficient. Eor the separation of phosphoric acid 
from the alkaline earths or heavy metals, they recommend precipitation with ammonium 
molybdate, the digestion being continued from four to six hours. 

Among volumetric methods of estimating phosphoric acid, Abesser, Jani a. Marcker 
have especially examined the uranium method and the results yielded by it with 
acid calcium phosphates, which, as a rule, they find to be lower than those obtained by 
gravimetric methods. 

Yon. Ym. 6 K 
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Fresenitis, Neiibaiier, and Luck (Zeitschr, f. anal. Chcm.-si. 138) found that from 
a warm acetic acid solution of calcium phosphate, especially if the solution be too 
concentrated, calcium phosphate may separate as such, and thus escape titration with 
uranium acetate ; and they proposed to modify the reaction so as to add the phosphatic 
solution to a measured quantity of uranium solution as long as potassium ferrocyanide 
gives a reaction (vii. 969). Abesser, Jani a. Marcher used solutions of phosphates in 
cold acetic acid, and applied heat only when nearly the whole of the phosphoric acid 
had been precipitated by the uranium acetate. They found, however, that the 
quantity of P'O^ in aqueous extracts firom superphosphates, when determined gravi- 
metrically by means of magnesium chloride mixture, differed on an average by + 29 
per cent, from that obtained by a uranium solution titrated with a solution of sodium 
phosphate. On examining the latter precipitate for lime, after separating the phos- 
phoric acid by Eeissig’s method, and the uranium by means of ammonium sulphide, 
4T5 per cent, of CaO were found. Hence they inferred that the strength of the 
uranium solution used in estimating phosphoric acid in superphosphates should ])e 
determined by a solution of the latter instead of by sodium phosphate. For this 
purpose they employ tricalcic phosphate free from neutral phosphate and other 
admixtures, dissolved in the least possible excess of nitric acid, the strength of the 
solution being determined as above, by evaporation and ignition and weighing of the 
residual tricalcic phosphate. They further observe that in presence of ammonia salts, 
the titration of the phosphoric acid may come out somewhat too low, but that this 
error may be avoided by using a solution of uranic acetate instead of nitrate, or by 
titrating the solution of uranium nitrate with calcium phosphate, with addition of 
ammonium salts. Solutions of uranic acetate containing excess of acetic acid are not 
altered by light. 

For the estimation of * soluble ’ phosphoric acid—in case the process of washing 
out is found to be too tedious, and recourse must be had to digestion — it is recommended 
that the time of digestion be shortened as much as possible, in order to avoid increase 
or diminution of the quantity of soluble phosphoric acid during the process. 

S&jjaration of JPho^koric Acid from Ferrio Oxide and Alnmina. — The various 
methods proposed for the separation of phosphoric acid from these bases have been 
subjected to comparative examination by W. Flight {Qhem. Soc. J. xxviii. 592) with 
the following results: The method of separating phosphoric acid from alumina by 
means of silica or potassium silicate, proposed by Berzelius and by Fuchs (iv. 548), 
not only presents great difficulties, but gives results which are too low. That of 
Otto, which consists in precipitating with magnesia’^iixture while the alumina and 
ferric oxide are held in solution by tartaric acid (iv. 547), is likewise inexact, because 
the precipitated ammouio-magnesium phosphate is apt to get mixed with a magnesium 
salt of the organic acid ; and further, as shown by Knapp {Zeitschr. anal. Chem. iv. 
151), and confirmed by Pribram {ihid. v. 208), because the ammonio-magnesium phos- 
phate is soluble in excess of tartaric acid, especially when alumina is present. The 
method is not improved by the substitution of citric for tartaric acid, Waekenroder’s 
method of digesting the hydrochloric acid solution of ammonia and phosphoric acid 
with harimn carbonate and then -m\h potash-ley {^Arch. Fharm. [2], Ivii. 17), also gives 
inexact results, inasmuch as the phosphoric acid is not wholly carried down in the 
haryta-precipitate. The molybdic acid method, as proposed by Sonuenschein (iv. 546) 
and modified by Ogilvie (p. 1583), yields sufficiently accurate results, but it requires 
a nitric acid solution, which is not always available. Rose’s method of sepamting 
phosphoric acid from ferric oxide by fusion with an alkaline carbonate always yields 
an iron oxide still retaining phosphoric acid. Reynoso’s method, modified by Reissig, 
of precipitating ^the phosphoric acid as stannic phosphate, cannot be used in presence 
of large quantities of iron oxide or alumina ; it is, moreover, affected with sm error 
arising from the contamination of commercial tin with arsenic. Rose’s method with 
mercurous nitrate (iv. 543) is likewise defective on account of the difficulty, already 
pointed out by Sehweizer (Ren iii. 310), of completely expelling the nitric' acid by 
evaporation, and even as modified by Muuroe (vii. 967), it is not applicable to the 
separation of phosphoric acid from ferric oxide. The method of precipitating the 
phosphoric acid and feme oxide together by ammonia, and digesting the precipitate 
with anmwnium sidpUde, requires, according to Schweizer, a repetition of the treat- 
ment,^ and even then does not yield exact results. The bismuth-method (p. 1585) is 
likewise inapplicable ; that of Chancel, which consists in precipitating the phosphoric 
acid with nitrate, or better with carbonate of silver, is also inexact in presence of iron 
oxide or alumina, inasmuch as these oxides are precipitated at the same time, and 
the silver phosphate cannot be completely dissolved out from the precipitate by 
ammonia. r r j 

The following is, according to Flight’s experiments, the best method of separating 
phosphoric acid from ferric oxide and alumina: (1). From Ferric oxido. The 
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slightly acid solution is completely reduced by a stream of hydrogen sulphide, then 
treated with escess of ammonium sulphide, heated nearly to boiling, filter^, and the 
precipitate is washed with water containing hydrogen sulphide. The whole of the 
phosphoric acid is then found in the filtrate. (2). From Alumina. The solution 
of the aluminium phosphate is mixed with an excess of caustic soda sufficient to keep 
the whole of the alumina in solution, and then treated with a quantity of barium 
chloride sufficient to throw down all the phosphoric acid in the form of barium salt. 
The liquid is left at rest for some hours, and protected from access of carbonic acid, 
then filtered, and the precipitate is washed with water containing soda, the addition 
of which is necessary, as the barium phosphate would be decomposed by pure water, 
and the estimation of the phosphoric acid would then come out much too low. 
(3). From Ferric Oxide and Alumina together. The solution, not too acid, is 
mixed, according to Chancel’s method (i. 154), with excess of sodium thiosulphate, 
boiled for some time, and filtered, whereupon the whole of the iron remains in solution, 
together with part of the phosphoric acid, whilst the alumina is precipitated together 
with the rest of tl^ phosphoric acid. The separation may then be effected by the 
methods (1) and (2) above described. If the phosphoric acid is not in excess with 
respect to the alumina, the whole of it will be foxmd in the precipitate, and the iron- 
solution will be free from it. 

The precipitates formed by excess of phosphoric acid in ferric and aluminic solu- 
tions are represented by the formulae TAl^O®. 6P*0® and TFe^O^.dP-O®. 

H. Pellet (Bull, Soc, Chim. [2], xxvii. 106) estimates phosphoric acid, alumina, 
and ferric oxide when they occur together in solution as follows : 1. The solution is 
mixed with excess of ammonia and calcium chloride, whereby a precipitate is formed 
consisting of alumina, ferric oxide, and calcium phosphate. This precipitate is ignited 
and weighed ; the residue is dissolved in hydrochloric acid ; the phosphoric acid is 
determined in one portion of the solution with uranium ; the ferric oxide in another 
by stannous chloride ; and the alumina is estimated by difference. 

F. Jean (Co^njpt. rend. Ixxviii. 1305) estimates phosphoric acid, in presence of 
lime, iron oxide, alumina, &c., by dissolving the phosphate under examination in 
strong nitric acid, mixing the filtered solution with a slight excess of ammonia, 
redissolving the precipitate in acetic acid, and precipitating the phosphoric acid with 
uranium acetate. The resulting precipitate after washing, drying, and ignition con- 
tains 20’05 per cent. P-0^ 

A. Classen separates phosphoric acid from certain bases by precipitation with 
potassium oxalate. This method is applicable to salts whose bases, like calcium, are 
at once completely precipitated by soluble oxalates ; also to salts of manganese, zinc, 
cobalt, and nickel, the metals of which are precipitated as double oxalates easily 
decomposed by excess of acetic acid, which dissolves the alkaline oxalate and com- 
pletely precipitates the oxalate of the heavy metal. For the details of this method, 
see Zeitschr, anal. Chem. 1879, 189, 373 ; Ckem. Soc. J. 1879, xxxvi. 979 and 1054- 
1056. 

B. "W. Gerland (Chem. News, xxxiii. 133) modifies the oxalic acid method com- 
monly used in the analysis of phosphorites on the ground that the presence of oxalic 
acid hinders the precipitation of ferric and aluminic phosphates by means of alkaline 
acetates. The weighed sample of phosphorite is dissolved in nitric or hydrochloric 
acid ; the liquid, neutralised as nearly as possible without formation of a permanent 
precipitate, is boiled, and mixed with a slight excess of an oxalate ; acetate of sodium 
or ammonium is then added ; and the liquid is removed from the source of heat. On 
cooling, the whole of the lime separates as an oxalate in the form of a heavy powder. 
The iron and aluminium are best removed from the filtrate by precipitation with 
ammonium sulphide at a gentle heat. The precipitate consists of iron sulphide and 
aluminium phosphate, together with silica, which obstinately adheres to it. The 
determination of the phosphoric acid in it is effected by the molybdic method. 

Halo'id Compounds of Phosphorus. 

Cblorides. An elaborate investigation of the action of these compounds on the 
acids of phosphorus has been made by A. Geuther (J. pr. Chem. [2], viii. 359). 

I. Action of Phosphorus Oxychloride on Orthophosphorio Acid. — When these sub- 
stances are mixed in accordance with the equation, 2PO'‘H3-hPOCP= 3PO®H -i- 3C1H, 
no apparent change is produced until the mixture is heated on the water-bath, the re- 
action then taking place in the manner just indicated. The use of a smaller pro- 
portion of phosphorus oxychloride leads to the formation of pyrophosphoric acid : 

5PO^H* + POOP = dP^Om\ + 3H01, 

Pyrophosphoric acid is however produced when metaphosphoric acid and orthophos- 

5 It 2 
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phoric acid are iieated together, and hence it is probable that in the above case the 
pyrophosphoric acid may result from a secondary reaction between metaphosphoric 
acid and orthophosphoric acid, 

2. Action of JPhosphorus PentacMoride 07i Orthophosphoric Acid. — The following 
reaction takes place in the cold : 

PO^H« + 3PCP = 4POCP + 3HC1; 

but, if excess of phosphoric acid is employed, the action recommences on the applica- 
tion of heat, the phosphorus oxychloride then acting on orthophosphoric acid accord- 
ing to the equation previously given. 

3. Action of Phosphorus Trichloride on Orthophosphoric Acid. — When a gentle 
heat is employed, the principal reaction appears to be as follows ; 

SPO^H^ + POP = SPO^H -f P(OH)3 + 3HC1, 
but free phosphorus and pyrophosphoric acid are also produced, probably owing to 
secondary reactions. ^ 

4. Actmi of Phosphorus PentacMoride on Metaphosphoric Acid. — The reaction, 
PO®H + 2PCP = 3POCP-fClH, takes place when these substances are heated on a 
water-bath ; and even when a smaller proportion of pentachloride is employed, the 
reaction is the same, no chloride analogous to metaphosphoric acid being produced. 
Metaphosphoric acid is not attacked when digested with phosphorus oxychloride or 
phosphorus trichloride. 

5. Action of Phosphorus Pe^itachloride^ Phosphorus Trichloride^ and Phosphorus 
Oxychloride on Pyrophosphoric Acid. — The following reactions take place on the 
application of heat : — 

(1.) P20’H^ + 6PCP = 7POCP -i- 4C1H. 

( 2 .) 9P20'H^ + 6P0P = 21P03H 2 P -f ia.HCl. 

(3.) + POOP 6POm + 3C1H. 

When pyrophosphoric acid is treated with a small proportion of phosphorus pen- 
tachloride, the reaction is — 

+ POP - 2POm -f POOP + 2C1H. 

6. Action of Phosphorus Oxychloride and Phosphorus Pentachloride 07i Phosphorous 
Aoid.—Th.Q reactions which are represented by the following equations are regarded 
by G-euther as evidence that the true formula of phosphorous acid is P(OH)^, and not 
0-PH(0H)2. 

(1.) 3POCP -f 2P(OH)» =* SPO^H -1- 2PCP + 3C1H. 

(2.) P(OH)» + 3PCP = PGP + 3POCP -f- 3HC1. 

7. Action of the Chlorides of Phosphorus on Hypophosphorous Acid. — Phosphorus 
trichloride acts energetically on hypophosphorous acid, the reaction being apparently 
as follows : 

3PH(0H)2 POP == 2P(0H)3 -I- 2P -f 3C1H. 

Orthophosphoric acid is also produced, but probably arises from the action of 
phosphorus trichloride on phosphorous acid. These results indicate PH(OH)“ as the 
formula of hypophosphorous acid. All attempts to obtain tho chloride of this acid 
were fruitless. 

The action of phosphorus oxychloride is similar to that of the trichloride, but 
more energetic, and after it has ceased, a fresh reaction may be produced by heating 
the mixture to 100°. The two stages may be represented as follows : — 

(1.) 6PH(OH)2 + 3P001« - ZPOm + 2P(OH)3 + 4P + 9C1H. 

(2.) 2P(OH)3 ^ 3POCP = ZPOm + 2PCP + 301H. 

The former reaction is probably the resultant of the following : — 

(a) dPH(OH)2 « 2PH» + 4P(OH)3. 

(h) 4P(OH)« + 3POCP - ZPOm + 2PCP + 301H 2P(OH)3 

(c) + 2PCP - 4P -i- 6HC1. 

Hypophosphorous acid thus behaves like a mixture of PH® and P(HO)® ; when 
heated to 110°- 11 5°, it is decomposed into these substances, but when the heat 
reaches 250° the phosphorous acid decomposes. The action of phosphorus penta- 
chloride on hypophosphorous acid is energetic, red phosphorus being deposited ; but 
after sufficient of the pentachloride has been added, and the mixture has been heated, 
nothing remains hut phosphorus oxychloride and phosphorus trichloride. The 
reactions are probably as follows : — 
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(1.) 3PH(OH)2 ^ 6PCP = 6POCP + PGP + 2P + 9HC1. 

(2.) 6PH(OH)2 + 6POCP = 6P03H + 2PGP + 4P + 12HG1. 

( 3 .) ePO^H + i2Pa5 = ispocp + eoiH. 

(4.) 6P + 9PC1" = 15PCP. 
ultimate result : 

PH(OH)2 + 3PC1S ^ 2POGP + 2PGP + 3HG1. 

The action of the chlorides of phosphorus on the Ethylic Ethers of Phosphorous 
and Phosphoric Acids, has been examined by E. Ghamhon {Jenaische Zeitschrift, [2], 
hi. ; 2nd p. 97). 

1. Eth^l JPhosjpMte and Phosphorus Trichloride. — These substances react upon each 
other to form ethylphosphorous chloride (phosphorus oxethylchloride), in accordance 
with the equation : 

^ p{ocm^y + 2PCP = 3P(002H5)CP; 

but the product is further acted on by the ethyl phosphite present, as is seen in the 
following reaction. 

2. Eth^l Phosphite and Phosphorus Oxethylohloride. — When these bodies are 
mixed together in molecular proportions and gradually heated to 120°, ethyl chloride 
Is given off, whilst free phosphorus and ethyl phosphate are left behind : 

7P(OC2Hs)3 + 3P(OC2H5)C12 = 6PO(OC2H5)3 + 4P + OC^H^GL 

3. Ethyl phosphite and phosphorous acid do not act upon each other at 200°. 

4. Phosphorus Oxethylchlcnide and Phosphorous acid heated together evolve ethyl 
chloride and hydrogen chloride, free phosphorus and phosphoric acid remaining in the 
retort : 

3P(002Hs)GP -f- 7P(OH)» = ePO^H^ + 4P + SC^ffGl + 3HC1. 

5. Phosphorus Oxethylchloride and Phosphorus Trichloride do not act upon each 
other even when boiled together. 

6. Phosphorus Oxethylohloride heated to 16o° in a sealed tube is resolved 
into ethyl chloride, phosphorus trichloride, free phosphorus, and phosphoric an- 
hydride : 

15P(OG2H5)CP = 15C2H5C1 + 5PCP + 4P + SP^O^. 

7. Phosphorus Oxethyloxychloride {ethylphcsphoric chloride) heated to 140° in 
sealed tubes is resolved into ethyl chloride, phosphorus oxychloride, and phosphoric 
anhydride ; 

3PO(OG2Hs)CP = SG^H^Gl + POOP + P-O^. 

8. Ethyl Phosphate and Phosphorus Oxychloride heated to 110° in a sealed tube 
combine together to form phosphorus oxethyloxychloride, in accordance with the 
equation : 

po{oc^my + 2POCP = 3P0(0G2Hs)cp. 

The following reactions related to those just described have been observed by 
Geuther {ibid. 104). 

Phosphorus Oxethylohloride and Phosphorus Pentachloride do not act upon each 
other at the ordinary temperature, but when they are heated together in the water- 
bath, the following reaction takes place : 

P(OC2H5)C12 -f PCPCP = POGP + PGP -t- C^H^Gl. 

Phosphorus Oxethylchloride and Phosphorus Pentahromide, when heated together, 
yield phosphorus oxybromochloride, phosphorus tribromide, and ethyl bromide : 

P(OG=^H^)CP -h PBr^Br^ = POBrCP + PBr^ + C^H^Br. 

Mhyl Phosphite and Phosphorus Pentachloride react upon each other in the 
manner indicated by the equation : 

2P(OC«H^)» -h 3PCP = 3PO(OC2H5)GP + 2PGP -{- SC^H^Gl. 

Phosphorus Oxethyloxychloride and Phosphorus Pentahromide react to form phos- 
phorus oxybromochloride, phosphorus oxybromide, and ethyl bromide : — 

P(0C'-'H5)00P -H PBr^BrS = POBrCl^ + POBr^ + C^H^Br. 

The foregoing reactions all point to the conclusion that phosphorus pentachloride 
and pentahromide, in their action on the oxethyl-compounds of trivalent phosphorus, 
behave like mixtures of trichloride and free chlorine, and of tribromide and free 
bromine, respectively. 
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Triohloride, POP. — Ira Remsen {Sill. Am. J. [3], xi. 365) finds tliat this com- 
pound is easily converted into POCF by the action of ozone, and regards this reaction 
as affording an additional proof of the qninqnivalence of phosphorus. 

According to Michaelis {Ber. viii. 504), when phosphorus trichloride in small 
quantities is added without cooling to water at ordinary temperatures, the liquid at 
first remains perfectly clear, but as soon as a certain quantity of the trichloride has 
been decomposed, and the temperature has consequently risen, the liquid becomes turbid, 
and a small quantity of phosphorus separates out. When, on the contrary, the tri- 
chloride is dropt into boiling water, not a trace of phosphorus separates out. Ice- 
cold water, into which phosphorus trichloride is dropt, also remains clear, but becomes 
turbid and deposits a small quantity of phosphorus when heated. According to 
Greuther, on the other hand {Jenaische Zeitschrift [2], iii. 2nd Supjol. 116),"the pre- 
cipitation observed by Michaelis takes place only when the phosphorus chloride 
contains arsenic, and the solid body thus separated is not phosphorus^ but arsenic. 

The action of phosphorus chloride on fotassiu7n thiocymaie gives rise to the 
formation of a compound, which crystallises in white slender needles 

(Lossner, J. pr. Ohem. [2], vii. 474). 

Oxychloride, POOP, and Ethoxy chloride, PO(OC2H®)CP. — On the reactions 
of these bodies with the acids and other compounds of phosphorus, see p. 1587-9. 

Peiitajluoride, PF® (T. E. Thorpe, Liebig’s A^imleoi,^ clxxxii. 201-205). — ^When 
phosphorus pentacMoride is gradually added to arsenic trifluoride (obtained by heat- 
ting arsenic trioxide with fluorspar and sulphuric acid), a violent reaction takes 
place, resulting in the formation of arsenic trichloride and phosphorus pentafluoride, 
in accordance with the equation : 

5AsE« -h 3PCP = 5AsCP + SPF^. 

Phosphorus pentafluoride is a colourless gas, having a very pungent odour, and 
attacking the mucous membranes. It fumes in the air, and reacts with water form- 
ing phosphoric and hydrofluoric acids. Its density is 63-23, that of hydrogen being 1 
(theory requires 63). Under the pressure of 12 atmospheres at 7^, it exhibits no 
marked deviation from Boyle’s law. 

The gas neither burns nor supports combustion. It is not affected by the passage 
of electric sparks through it, either when pure, or when mixed with hydrogen or 
oxygen. It combines with dry ammonia to form a yellowish-white solid body, repre- 
sented by the formula 2PF®.6NH^. A solution of the gas in aqueous ammonia 
deposits, on evaporation, crystals of ammonium phosphate, H“(NH'‘P) O ', and ammonium 
and hydrogen fluoride, HF.NB['‘F. 

Acids of Phosphoeus. 

The Melting Points, and the Heats of Fusion, Solution, and Formation of these 
acids, have been determined by J. Thomsen {Ber. vii. 966) with the following 
results : — 



Heat of Fusion. 
Melting point 

Heat of fusion 

PO^H^ . 

38-6° 

2520 gram-degrees 

POW . 

70*1 

7070 

PO^H^ . 

, 17*4 

2400 

Heat of Solution. 
Crystallised acid 

Fused acid 

(PO^H^ Aq) . 

+ 2690 gram-degrees 

5210 gram-degrees 

(PO«H^ Aq) . 

~ 130 

2940 

(P02H^ Aq) . 

- 200 

2200 

Crystallised acid . • 

Heat of Formation. 
r(p, 0^ H3) 

302560 gram-degrees 

(P, 0«,H3) 

227680 


l(P, 0^ H«) 

139950 


r(P, 0^ HO 

300040 

Fused acid . . ■ 

(E, H^) 

224610 


[(P, o\ m) 

137550 

1 

((?, 0\ H«, Aq) 

305250 

Aqueous solution . ] 

(P, Aq) 

227550 

1 

[(P, 0^ H3, Aq) 

139750 
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On the reactions of these acids mth the Haloid compounds of Phosphorus, 
see pp. 1587-1589. 

Hypopliosplioroiis Acid, H®P02=HP(-0H)“. On the crystallisation of 
this acid, see vii. 965. The barium salt, BaH'^P-O'^-t-H^O, forms monoclinic crystals, 
having the axial ratio alb: c = 2‘00i7 I 1 : 1'5760, and the angle ac — 80® 27' 
(Topsoe, Wien. Ahad. Ber. 2 Abth, Ixis. 261). Compare Rammelsberg 8oe. J. 

3873, 5). Sp. gr. 2*718 at 10°, and 2*891 at 17°; of the magnesium salt, 
MgH^P“0^ + 6H20, 1*5886 at 12*5°, and 1*5681 at 14*5° (0. A. Mohr, Sill Am. J. 
[3], siv. 281). 

Beactions. — ^When perfectly dry iodide is passed over-hypophosphorous 

acid, a violent reaction takes place, accompanied by great rise of temperature. The 
products are phosphorous acid and phosphonium iodide : 

SPO^H^* + HI = 2PO®H8 + PH^I. 

2. Dry suljpJiur dioxide reacts with hypophosphorous acid in the manner indicated 
by the equation : 

2P02H® + S02 = 2P03H3 + S, 

the chief products being phosphorous acid and free sulphur. At the same time, 
however, hydrogen sulphide is evolved, and some phosphoric acid is formed. The 
former of these bye-produets is due, as found by direct experiment, to the action of 
free sulphur on hypophosphorous acid ; the latter to the action of sulphur dioxide on 
phosphorous acid at high temperatures. 

3. Bascent hydrogen does not act either on free hypophosphorous acid or on its 
alkaline salts (Ponndorf, Jenaisclie Zeifsehrift, [2], iii. 2nd Siq:>pl p. 45). 

By prolonged boiling of normal lead JiypophospMtc with lead hydrate, SPbO.H^O, 
a basic lead salt, P“0®JS^Pb^, is obtained in the form of a homogeneous yellowish-grey 
powder made up of microscopic needle-shaped transparent crystals : 

SPbH^P^O* + 2Pb3H20^ = -i- 2W0. 

The constitution of this salt may be represented by the formula 

-PI ^0— PH— OPb(OH) 

PH— OPb(OH) 

and affords further evidence of the correctness of the formula HP(OH)2 usually 
assigned to h 3 q)ophosphorous acid, according to which it contains an atom of trivalent 
phosphorus associated with 1 at. hydrogen and two hydroxyl-groups (Ponndorf). 

Phospliorous Acid, PHW. Of the two constitutional foi’mulae by which 
this acid is represented, viz. P'"(OH)^ and OP’^H(OH)-, the first certainly affords the 
readiest explanation of the formation of the acid by the action of water on phosphorus 
trichloride, and of most of the reactions between the halogen-compounds and acids of 
phosphorus investigated by Geuther (p. 1588). On the other hand, Michaelis a. 
Ananoff infer, from the action of phosphorus pentachloride on phosphenylous acid, 
and of phospheuyl tetrachloride on phosphorous acid, that the latter is correctly repre- 
sented by the formula OPH(OH)- (p. 1578). Geuther, however, points out (Jenaische 
Zeitschrift [3], iii. 2nd Suppl. 116) that the former of these reactions, which gives 
rise to phosphenyl oxychloride, POCP.C^H®, together with POOP, PGP and HOI, may 
be satisfactorily explained on the hypothesis that phosphenylous acid has the consti- 
tution P(C®H^)(OH)2, [analogous to P(OH)3], and that the phosphorus pentachloride 
acts like a mixture of PGP and CP, thus : 

P(C«H5)(0H)2 + PCPCP = P0(C«H5)C10H + PGP + HCi 

and 0P(C«H5)C10H + PGP = PO(C«H5)CP + POOP + HCI. 

A similar explanation is given by Geuther of the action of phosphenyl tetra- 
chloride on phosphorous acid, based on the known fact that phosphenyl tetrachloride 
is resolved by heat into chlorine and the corresponding dichloride, thus : 

P(0H)3 + P(C6Hs)CPCP - P0(0H)2C1 + P(C«H5)CP + HOI 
PO(OH)2Cl -}- 2P(C«H5)CP = POOP -1- 2P0(CSH^)CP 2HC1 

orP(OH)3 + 3P(C®H0CP = POOP -f 2 PO((?H«)a 2 + P(CeH5)CP -i- 3HC1. 

It must be admitted, however, that the explanation of these reactions given by 
Michaelis a. Ananoff is more simple and direct. 

Crystallised phosphorous acid may be prepared by heating the trichloride to 60° 
and passing the vapour by means of a current of dry air through two fiasks each 
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containing about 100 grams of water cooled to 0°. In about four hours the contents 
of the first flask are found to be saturated with the phosphorous chloride and con- 
verted into a thick crystalline mass of phosphorous acid. The adhering liquid may 
then be drained off, and the crystals washed with small quantities of ice-cold water, 
and finally dried in a vacuum (G-rosheintz, Bull. Soc. Gkim. [2], sxvii. 433). 

IVXetallic Pliospliites. For the analysis of these salts, Kraut a. Precht 
{Liebig^ s Annalen^ clsx^di. 274) recommend Pose’s process, which consists in dissolving 
the phosphite in hydrochloric acid, adding an excess of pulverised mercuric chloride, 
and heating the mixture on a water-bath till the resulting mercurous chloride is com- 
pletely deposited, collecting the deposit on a weighed filter, drying it at 100°, and 
weighing. If the filtrate be then freed by hydrogen sulphide from mercury and other 
bases which interfere with the determination of phosphoric acid, the amount of that 
acid produced may be estimated by precipitation with magnesia mixture, and a verifi- 
cation of the result thereby obtained. 

Bafiv>m Phosphite^ according to Kraut {Lieb. Ann. clxxvii,^274) andEammels- 
berg [Ber. ix. 1577), has the composition BaHPO®, and not formerly 

assigned to it (vi. 937). It is apt to retain small quantities of phosphate — acid 
phosphate, EaH^P-0®, according to Eammelsberg — which may disguise its true com- 
position. Eammelsherg also finds by new experiments that the barium salt, like other 
phosphites, gives off hydrogen, and leaves a residue of phosphide and pyrophosphate, 
a result which throws light on a long-estahUshed error respecting the composition of 
the phosphites of the alkaline-earths and of nickel as well as the abnormal results 
obtained in the analysis of the magnesium and zinc salts (vi. 937). 

Trisodic Bhos'phite^BQ^'^Q^, — To obtain this salt, a concentrated solution of 
disodic phosphite, PO^Na^H, is first prepared by mixing pure phosphorous acid with 
sodium hydroxide to slight alkaline reaction, and to this solution is added a quantity 
' of strong aqueous soda-solution equivalent to 4 mols. NaHO. The mass is then loft 
to itself for two hours, after which strong alcohol is added, the supernatant alcoholic 
liquid is separated from a viscid syrup w'hich settles down, and the latter, consisting 
of pure trisodic phosphite, is purified by repeatedly pouring strong alcohol upon it, 
and working it up therewith, and finally dried in a vacuum over sulphuric acid (0. 
Zimmermann, Liebig's Anmlen^ clxxv. 1). 

Triethylic Bhosyhite, PO®(C2H5)^ — This compound, which Eailton obtained 
by the action of phosphorus trichloride on dry sodium ethylate (iv. 533), is prepared 
by Zimmermann as follows : The sodium ethylate, after being broxight to a constant 
weight by heating it at 180°-200°, is pulverised and mixed with ether free from 
alcohol and water ; the mixture is well cooled; and the phosphorous chloride is added 
by drops with constant agitation. When the action is complete, the ethereal solution 
is decanted from the resulting sodium chloride, the ether is distilled off, and the 
remaining liquid is rectified at the heat of an oil-bath in a stream of hydrogen till it 
boils constantly at 188°. 

Triethylic phosphite saponified with caustic potash is converted into phosphorous 
acid. By gradual oxidation with nitric acid it yields phosphoric together with oxalic 
acid. Heated in^ oxygen gas it is gradually oxidised to triethylic phosphate, 
PO(OC2H®)®. This last reaction is effected by filling a small flask containing the 
phosphorous ether with oxygen, closing it, passing in a fresh portion of the gas nfter 
the first has been absorbed, and repeating this treatment several times. At a high 
temperature triethylic phosphite is resolved into phosphine, phosphoric acid, a,nd 
probably ethylene. From these reactions Zimmermann infers that triethylic phos- 
phite has the constitution and not PO(C2Hs)(OC2H^)2, as in that case it 

should yield by saponification, not phosphorous acid, but ethyl-phosphinic acid, 
PO(C2Hs)(OH)2. i i 

Hypophosphoric Acid,KP208 = (HO)20P— PO(OH)2 (T. SaXzev, Liebig's 
Amialen, clxxxvii. 322 ; cxciv. 28). This acid, intermediate in composition between 
phosphorous and metaphosphorie acids, is one of the constituents of the acid liquid 
(Pelletier s uGide'phos^hatique) formed when phosphorus partially covered with water 
is exposed to the air (iv. 499). It may be separated in the form of a sparingly 
soluble sodium salt by treating the mixed acids with sodium carbonate or acetate. 

Pure hypophosphoric acid is best obtained by treating the lead-salt suspended in 
water with hydrogen sulphide. Its aqueous solution is strongly acid, colourless, and 
inodorous, and may he boiled without decomposition, but when evapoz’ated to a syrupy 
consistence, it is resolved, by heat into phosphorous and phosphoric acids. In its 
behaviour with reagents, it is intermediate between phosphorous and phosphoric acids, 
which circumstance accounts for its having been so long overlooked in a mixture of 
these acids. 
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'The acid is perfectly stable in at^^neous solution, and is not affected by strong acids 
in the cold, but when boiled with dilute sulphuric or nitric acid, it is resolyed, at a 
certain state of concentration, into phosphorous and phosphoric acids. The solution 
of the acid is not oxidised by dilute hydrogen peroxide when boiled therewith, and is 
not affected by potassium chromate, chlorine, or iodine, even at the boiling heat ; 
neither does it reduce mercuric, auric, or platinic chloride. It produces in solutions 
of silver a white precipitate, which does not blacken on boiling. The solution is 
oxidised by potassium permanganate, slowly in the cold, and very rapidly when 
heated, being converted into phosphoric acid. It is not affected by hydrogen sul- 
phide, sulphur .trioxide, or nascent hydrogen. 

Hypophosphoric acid is quadribasie. Its salts mostly react like those of hypo- 
phosphorous and phosphorous acids, but are much more stable. At high tempera- 
tm’es they give off hydrogen or phosphine, leaving a metallic phosphide or phosphate. 

The tetrasodio salt^ Na-*(PO^)- + lOH^O, obtained by gradually adding a solution of 
1 pt. sodium carbonate to a solution of 1 pt. of the trisodic salt in 50 pts. water, 
separates in needle-^jhaped monoclinic crystals exhibiting the faces OP, 2Poo , oop, P, 
4P. Cleavage parallel to copoo. Axes a:b : c = 2*04-35 : 1 : 1*9055. Angle 
ac~Z6'5o. Twin-lamellae according to the basal face are of somewhat frequent 
occurrence. The plane of the optic axes is the plane of symmetry; the acute 
bisectrix passes through the obtuse angle between OP and 2Poo . The crystals dissolve 
in 50 times their weight of water. The cold saturated solution turns txmmeric paper 
dark brown, and when mixed with a strong solution of sodium carbonate, deposits 
the normal salt unaltered. 

Trisodioh^dric H^pop7iosphaie, Na3H(PO=^)- + 9H-0, is obtained by acting with less 
than one part by weight of crystallised sodium carbonate on one part of the acid 
sodium hypophosphate in solution. Its solution has an alkaline reaction. It loses 
its water of crystallisation at 100®, and at higher temperatures suddenly takes fire, 
and burns with a steady flame, giving off phosphoretted hydrogen gas, and leaving 
a white enamel. The crystals are monoclinic and have a strong vitreous lustre. 
Combination OP. — P. 6P. 3P. — 6Poo . coPoo .4Pco .5Pco .20Pco .4 Pgo .6Pco ; mostly tabu- 
lar through predominance of OP, sometimes also elongated in the direction of the 
orthodiagonal, and in that case broadly wedge-shaped, from predominant development 
of the lower face OP and the front face — 6Pco . Some crystals exhibit twin-forma- 
tion parallel to a face normal to the cli nodiagonal, the crystals having then a rhombic 
habit. Axes a:b : c*= 1*5788 : 1 : 0*4348, Angle = 43'. The plane of the 

optic axes is perpendicular to the plane of symmetry, acute bisectrix nearly perpen- 
dicular to OP. Axial angle large. 

JDisodio^dihydnc Hypophosphate, Na“H2(P03)2 + 3H-0, is formed on adding sodium 
acetate in excess to the syrupy liquid produced by the oxidation of moist phosphorus 
in the air. It crystallises in oblique rhombic prisms, which dissolve in 45 pts. of 
cold and 5 parts of boiling water. When gently warmed it loses its water of crys- 
tallisation, and afterwards gives off inflammable hydrogen phosphide, leaving 
metaphosphate. At ordinary temperatures, both the salt and its aqueous solution are 
perfectly stable. 

Acid Potassium Hypophosphate, K-H-(PO®)2 ^ H-0. — Hypophosphoric acid neutra- 
lised with potassium carbonate and evaporated to syrupy consistency, gave crystalline 
nodules, which were not analysed. On adding an equal quantity of acid, crystals of 
the above salt were obtained. It is soluble in twice its weight of water at ordinary 
temperatures, but is insoluble in alcohol. When heated, it decomposes and gives off 
hydrogen which burns, whilst insoluble potassium metaphosphate is left behind. It 
crystallises in the orthorhombic system. The crystals are small, transparent, and 
colourless, and a combination of the prism oo P and the pyramid, 2P2, with oo ^ oo, P oo 
and OP subordinate. Cleavage parallel to cofoo. Axes a : b : c = 0*6792 : 1 : 0*8508. 

The normal potassium salt could not be obtained pure. A concentrated solution of 
this salt will detect 0*003 grm. soda dissolved in 1 c.c. of water, and existing as 
chloride or sulphate. 

In a solution of lithium carbonate, hypophosphoric acid produces a crystalline 
precipitate very sparingly soluble in water, easily soluble in excess of hypophosphoric 
acid.^ 

Normal Ammonium Hypophosphate, (NH*‘)‘‘(PO^)^ + H^O, is obtained by heating a 
5 per cent, solution of the acid with excess of ammonia. The crystals begin to 
effloresce immediately after drying. They appear to consist of quadratic prisms, with 
pyramidal end-faces, like those of zircon ; they dissolve in thirty times their weight 
of water, forming a strongly alkaline solution, which on evaporation gives off ammonia, 
soon acquires an acid reaction, and ultimately leaves acid ammonium hypophosphate. 
The normal salt loses ammonia even on standing in the air, the clear crystals assuming 
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a turbid or milky appearance. When heated, they melt, with strong evolution of 
ammonia, and at last with combustion of the liberated hydrogen. This latter property 
is peculiar to the acid hypophosphates. 

Add Aminonmm Hypophos^hate, (NH92H2(PO®)2.~If the solution of the previous 
salt be boiled until ammonia ceases to escape, the acid ammonium salt is formed, and 
may be obtained in needles ; it is isomorphous with the acid potassium salt. 

Normal ’Bariwn Hypophosphate, Ba\PO^)®, is thrown down from a solution of the 
normal sodium salt by barium chloride as an apparently amoiphous precipitate. It 
is very sparingly soluble in water and in acetic acid, more soluble m hydrochloric and 
hypophosphoric acids. It is anhydrous, and when heated changes into reddish barium 
pyrophosphate without any appearance of combustion. Even by very rapid heating 
of the damp neutral barium salt, it is not possible to effect the oxidation of the hypo- 
phosphoric acid by means of the oxygen of ’the water. 

Add Barnmi Hypophosphate, BaH“(P0®)2 + 2H-0, is prepared from the acid sodium 
salt by precipitation with barium chloride. On mixing hot solutions of 4: pts. of the 
acid sodium salt in 180 pts. of water, and of 5 pts. of barium cnloride in 10 pts. of 
water, and immediately filtering, beautiful crystals were obtained on cooling. They 
belong to the monoclinic system, and are needles formed of OP and coPco, with 
ooP at the end. a : 6=1-8480 : 1. Angle ao-57° 4/. They are transparent, but 
become turbid when heated under water. With 1000 pts. of cold water, they give a 
solution which has an acid reaction, and becomes turbid on boiling, in consequence of 
the separation of neutral or basic barium hypophosphate. The crystals scarcely suffer 
any loss in weight by heating at 100° but at 140° they slowly lose the 2 mols. of 
water of crystallisation, and at higher temperatures pass, with combustion of escaping 
hydrogen, into barium metaphosphate, which melts to a white bead. 

Normal Qaldim BypophosphaU^ Ca“(PO^)2+ 2H-0. — In neutral calcium solutions, 
neutral sodium hypophosphate, even of 200,000-fold dilution, gives rises to a percep- 
tible turbidity. With greater concentration the solution becomes alkaline after all 
the calcium has been precipitated. On the contrary, on adding calcium chloride to the 
sodium salt, the alkaline reaction disappears with completed precipitation of the 
hypophosphoric acid. 

After washing, the originally very gelatinous precipitate quickly hccomos denser and 
granular, and appears under the microscope as rounded but non- crystalline particles, and 
by continued washing suffers another change, whereby it becomes so finely divided as to 
go through the thickest double or triple filters. It is insoluble in water and almost 
insoluble in acetic acid, but easily soluble in hydrochloric and hypophosphoric acids. 
The crystallisation-water is very difficult to determine, as it begins to pass off at 
100°, although the salt must he brought to 200° before all can be driven off, and then 
slight decomposition («.e. oxidation) ensues. 

Add Qeddum Bypophosphate could not he obtained in the solid form, as neither 
dilute nor concentrated hypophosphoric acid dissolves as much neutral calcium salt as 
is necessary for the formation of the acid salt. As only one calcium compound of this 
acid appears to exist, neutral calcium solutions may be titrated with normal sodium 
hypophosphate after addition of red litmus tincture. Alkaline reaction sets in after 
completed precipitation. The same remark applies to the hypophosphates of lead and 
other metals. 

Phosplioric Acid (Ortlio-), PO(OH)®. -In preparing this 

acid by the oxidation of phosphorus with nitric acid, the best results are obtained, 
according to Krauthausen {Arch. Fharm. [3], x. 410), by using nitric acid having 
exactly the sp. gr. 1-197. With stronger acid, the action is too violent ; with weaker, 
the oxidation of the phosphorus is very slow. 

Gr. F. Markoe {ilM. ix. 531) adds to the mixture of phosphorus and nitric acid a 
small quantity of bromine, or better of bromine and iodine together, whereby phos- 
phorus pentabromide is first formed, and then decomposed by the water present into 
hydrobromic and phosphoric acids, PBr^ + 4H20 = SHBr + PO W. The hydrobromic 
acid thus formed is immediately decomposed by the nitric acid, yielding feee bromine, 
nitrogen dioxide, and water : 

6HBr + 2NO»H = SBr^ + m^O -f 

and the free bromine acts on fresh quantities of phosphorus in the same manner as 
before. As a convenient proportion of the several materials, Markoe recommends 
1 pt. phosphorus, 6 pts. nitric acid of sp. gr. 1*42, 1 pt. water, and enough bromine to 
give 1 pt of that substance to 50 pts. of phosphorus. The phosphorus is first added 
to the mixture of nitric acid and water, and the bromine is then added by drops, the 
liquid being well cooled to prevent too violent action and conseouent explosion. ^The 
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danger of explosion may, ho'^ever, be more effectaally guarded against by nsiBg a 
quantity of water three times as great as that above recommended, and bringing the 
phosphorus and bromine together before adding the nitric acid. 

Crystallised phosphoric acid melts at 41 *70° (at 38*6*^ according to Thomsen, 
p. 1590), and remains liquid till cooled down to 38°, at which point it solidifies, the 
temperature rising simultaneously to 40*5° (Berthelot, JBuU. Soa, Chim. [2], xxix. 3). 

On the Heat of Fusion^ Solution^ and Formation of Orthoj^hosj^horic Acid-i according 
to Thomsen, see p. 1590. 

Metallic Phosphates. Aluminium Salts. Millot {B'ull. Soo. OMm. [2], 
xxii. 242) has prepared the salts P^O^.APO^.SH^O, 3p2O^2Al-O®.20H“O, and 
2P"05.Al-0^.8H-0 in the same manner as the corresponding ferric salts (p. 1599). 

Barium FUospliate. According to Buvillier {Compt. rend, Ixxxi. 1251), this 
salt [also the arsenate] is decomposed by nitric acid, yielding free phosphoric [or 
arsenic] acid and barium nitrate. If the nitric acid be so strong that the resulting 
nitrate will not dissolve in it, the decomposition will be complete. 

Calcium Pbospliates. Tricalcic Phosphate, Ca^(PO‘)®. — A solution of 
this salt in aqueous carbonic acid, which is used for therapeutic purposes, may be 
readily prepared by passing washed carbon dioxide into water in which the recently 
precipitated phosphate is suspended. The filtered solution becomes turbid on exposure 
to the air, and more quickly when heated, from loss of carbonic acid. The clear 
solution has an alkaline reaction, and gives all the reactions of orthophosphates 
(M. Chemer, Compt. rend, Ixxviii. 1134). 

Experiments on the action of water on tricalcic phosphate, in continuation of those 
already noticed (vii. 974), have been made by B. "Warington {Chem. Soc, J. 1873, 
983). By prolonged boiling, the tricalcic phosphate is converted into the salt 
2GaXOH)(PO^)^ = 3Ca®(PO^)“ + Ca(OH)-. The solubility of tricalcic phosphate varies 
between 35,000 and 110,000 pts. water for 1 pt. of the phosphate. The decomposition 
of the salt by water begins at ordinary temperatures. 

On the action of Water and other Solvents on Calcium Phosphate, gelatinous and 
ignited, and on Bone-substance, see Bone (p. 338). 

The action of sulphuric acid on tricalcic phosphate has been examined by H. P. 
Armsby {J,pr. Chem. [2], xiii. 333), whose experiments show that when these com- 
pounds are mixed in molecular proportions, the acid acts upon only half the phosphate, 
forming monocalcic phosphate, thus : 

Ca3(PO^)2 + 2H2S04 = 2CaSO‘ + CaH^(PO^)2; 

and that the monocalcic phosphate then acts on the other half of the tricalcic salt, 
producing insoluble dicalcic phosphate, Ca®H“(PO'‘)-, thus : 

CaH^(PO0“ + C&%PO*y == 2Ca2H2(PO02. 

See further SimEEPHOsPHATE (p. 1596). 

071 the co7npositio7i of Bone Phosphate, see Bone (p. 337). 

Dicalcic Phosphate, Ca-H-P-O® or CaHBO'‘=(OB[)OP<^Q^Ca, is obtained by 

treating the monocalcic salt with hot water or alcohol (Erlenmeyer) ; also by pre- 
cipitating calcium chloride with ordinary disodic phosphate ; the latter is the mode of 
preparation usually employed in pharmacy. According to Hirschsohn {Buss. Zeitsohr, 
Pharm. xvi. 385), it is essential, in preparing this salt by precipitation, to add an 
excess of calcium chloride. In this way, not much more than half of the calcium 
chloride used is converted into phosphate, but if the sodium phosphate be poured not too 
slowly into the solution of calcium chloride kept at ordinary temperature, and the 
resulting calcium phosphate, immediately after precipitation, be collected on a filter, 
washed, and dried at a moderate heat, the whole of the sodium phosphate will be 
utilised, and a preparation obtained which fully satisfies the conditions of constant 
composition, crystalline structure, and ready solubility in dilute acids. Under the 
influence of strong bases it is converted into the tricalcic salt. 

Hydrated Dicaldc Phosphate, CaH®PO®= CaHP0'‘.2H20, or, according to Erlen- 
meyer, (OH)‘*P.O.Ca(OH), is obtained by the. action of cold water on monocalcic 
phosphate ; also by triturating 1 mol. air>dried tricalcic phosphate with 1 mol. 
crystallised monocalcic phosphate, the conversion being completed in about a month. 
When heated at 100°, it loses water very gradually, 150 hours’ heating being required 
to bring it to a constant weight. If moistened with water four or five times a day, it 
attains a constant weight in about 60 hours. Heated at 100° in a stream of dry air 
for 36 hours, it gives off 2 mols. water,* when boiled with water, it loses the same 
quantity in half an hour. After 24 hours’ boiling in a reflux apparatus, the water 
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exhibited only a faint acid reaction. After an hour’s boiling in a reflux apparatus 
with absolute alcohol, the salt remained unaltered. When heated in a sealed tube 
placed in a water-bath, it lost after a certain time I -2 mol. water, and it was only after 
7 hours’ heating that the quantity of water given up amounted to 2 mols. (Erlenmeyer). 

MonooalciG Phos'phate , — ^According to Erlenmeyer {loc. cit), this salt, when 
prepared by the action of cold aqueous phosphoric acid on the tricalcic salt, has the 
composition CaH®P^0® = CaH‘^P“0®.H-0, or (OH)^P.O.Ga.O.PO(OH)^ and separates 
from the resulting solution on spontaneous evaporation in thin rhomboidal plates, 
leaving when ignited a somewhat porous white opaque mass, which, when heated in 
the blowpipe-flame, melts at the edges only to enamel-like globules. The crystallised 
salt contains 1 mol. water, which it gives off at 100°, but recovers on exposure to the 
air. According to Erlenmeyer, it is not hygroscopic, although, as observed by 
Birnbaum {Jahresh, f. Chem, 1871, 281), it takes up water and deli(^uesces when 
placed near water under a bell-jar : for on subsequent exposure to the air it gives up 
this water again, and acquires a constant weight. According to Birnbaum, on the 
otherehand {Ber. vi, 898), it gives up only part of its water when thus exposed, and 
the proportion retained depends essentially on the state of humidity of the air, a 
maximum of atmospheric moisture corresponding to a minimum amount of phosphoric 
acid in the air-dried salt. The maximum difference between the amounts of phos- 
phoric acid in the dry salt and that which had been altered by absorption of water 
from the air amounted to 8*8 per cent. The same variation in weight was observed 
under similar circumstances in a ‘Noxana Superphosphate’ from the manufactory of 
Packard and Co. in Ipswich. When drenched with somewhat less than 100 times its 
weight of water, it is resolved into the dicalcic salt and free phosphoric acid, 
-}-CaHPO‘^+ H-0 ; but when a small quantity of it is introduced 
quickly and with agitation into 100 pts. of water, it dissolves completely in a short 
time. The precipitate formed on treating it with only 10 pts. water, redissolves 
completely in about three weeks if shaken up with the liquid every day ; and that 
which is formed with 40 pts. water redissolves on similar treatment in a few days. 
But all these liquids, even that which is obtained with 1 pt. salt to 100 water, deposit 
a precipitate on boiling. When monocalcic phosphate was treated with cold absolute 
alcohol, nothing but phosphoric acid was found in solution after two days, and the 
residue contained lime and phosphoric anhydride in the proportion of 6CaO : 5*7P^O^. 
By boiling the salt for an hour in a reflux apparatus with 50 times its weight of 
absolute ^cohol, it is completely resolved into free phosphoric acid which dissolves 
in the alcohol, and insoluble CaHPO'‘. The same result was obtained with 30 pts, of 
absolute alcohol after two hours’ boiling. Absolute ether dissolves the pure salt with- 
out alteration, and a specimen contaminated with adhering mother-liquor may be 
completely purified by agitation with ether. 

decomposition hy Sodium Carbonate . — According to Erebault a. Destrem (Bull, 
800 . Chwi. [2], xxvii. 499), the reaction between monocalcic phosphate and sodium 
carbonate consists not, as generally supposed, in the separation of calcium carbonate 
and formation of sodium phosphate, but in the division of the phosphoric acid 
between the lime and the soda, and the elimination of the whole of the carbon dioxide 
as gas,, so that it is correctly represented by the following equation proposed by 
Th^nard, Soubeiran, and L^canu ; 

2CaH^(PO^)2 + 2Ka2003 = 2Na2HPO‘^ 4- Oa^H^CPO'O" + 200=* + 2H==0. 

That the calcium phosphate cannot be decomposed by the sodium carbonate in such a 
manner as to form sodium phosphate and calcium carbonate, is plainly shown by the 
fact that calcihm carbonate is, on the contrary, decomposed by sodium phosphate, 
with formation of basic calcium phosphate, together with sodium carbonate and free 
carbon dioxide at high and of sodium bicarbonate at low temperatures. The carbonates 
of barium, manganese, zinc, and magnesium are decomposed in like manner by sodium 
phosphate. 

Superphosphate. The agricultural value of this mixture of monocalcic phos- 
phate and gypsum, prepared by treating ground bones with sulphuric acid (iv. 555), 
depends on the proportion of soluble phosphate which it contains. Now this amount 
is found to decrease in course of time, in consequence of the gradual reconversion of 
the soluble into insoluble phosphate, and the change — known as ‘ retrogression ’ — is 
sometimes attributed to the formation of dicalcic phosphate by the action of the 
monocalcic salt on undecomposed tricalcic phosphate contained in the mixture. A. 
MiUot, however (Compt. rend, Ixxviii. 1134; Ixxxii. 522 : Ber. viii. 187), infers, from 
experiments in which 1 mol. pure tricalcic phosphate was treated with 2 and with 
1 mol. sulphuric acid, that the reaction just mentioned takes place only when the 
quantity of sulphuric acid used is insufficient for the decomposition of the bone-ash, 
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and consequently the prodnet does not contain any free phosphoric acid. In presence 
of free phosphoric acid, dry monocalcic phosphate is not resolved by heat into the 
dicalcic salt and free phosphoric acid. The retrogradation in solubility of the phosphoric 
acid in superphosphate is especially attributed by Millot to the presence of ferric 
oxide, alumina, and magnesia. A. superphosphate prepared from the coprolites of the 
Ardennes, in \7hich all the phosphoric acid was originally in the soluble state, was 
found after two years to contain only 10 per cent, soluble phosphoric acid, the 
remaining 90 per cent, having become insoluble. On washing this phosphate with 
hot water till all the gypsum was removed, the residue was found to be free from 
lime and to consist of the phosphates Fe“0^.2P-0® and 2Fe20®.3P20^ 

A. Eiimpler obse^es {Zeitsch?\ anal. Chem. vi. 151) that in superphosphates 
obtained- by decomposition of phosphorites containing iron or alumina, a soluble ferric 
or aluminic phosphate is often formed, having the composition Fe20s[P0(0H)2]« or 
APO®[jBO(OH)‘'^]®, and that when this phosphate is treated with a large quantity of 
water, it is decomposed, with separation of neutral phosphate, M20®(P0^)2, so that the 
results obtained ijj; estimating the ‘ soluble ’ phosphoric acid are too low, and the 
more so as the quantity of water used in the digestion is greater. From numerous 
experiments bearing on this matter, Eiimpler infers that in analysing superphosphates, 
the best mode of extracting from them the largest quantity of phosphoric acid is to 
lixiviate them with the minimum quantity of water, and not, as is the usual practice, 
to^ make up a given quantity of superphosphate with water to a litre and take an 
aliquot part of the liquid for the estimation of the phosphoric acid. 

On the Analysis of Superphosphates, see also Joulie ( Coonpt. rmd. Ixxvi. 631 ; 
Chem. SoG.J. 1873, 766); Erlenmeyer {Ber. ix. 1839; Jahresb. f, Chem. 1876. 984; 
Chem. 8oc. J. xxxi. 759); Albert a. Siegfried {ZeitscTir. anal. Chem. 1877, 182 ; 
Jahresb.f. Chem. 1877, 1044). 

Action of Seat on Mixtures of Calcium Phosphates and Calckm Carbonate. — Pyro- 
and orthophosphates of calcium, as well as phosphates of the apatite class, are decom- 
posed by ignition with calcium carbonate, in such a manner that part of the calcium 
oxide in the latter enters into chemical combination with the phosphate, and is not 
reconverted into CaOO^ by the action of ammoniiim carbonate. The extent of this 
decomposition varies according to the proportions of the mixture, the intensity and 
duration of the ignition, and is considerably increased by a high temperature and 
the presence of organic matter. This mode of decomposition is determined, in the 
case of calcium pyrophosphate, by the tendency of that salt to pass into normal 
orthophosphate ; in the case of the normal orthophosphates, by their tendency to form 
basic salts; and in apatites and similar compounds by the interchange between 
CaCP and CaO. A strongly ignited mixture of 6 pts. pyrophosphate and 1 pt. 
carbonate yielded, after the GaO had been completely washed out with water, a 
residue of phosphate which was somewhat difficult to dissolve in nitric acid, and had 
the composition 7Ca0.3P-0^ = Ca'P®0-2; its formation may accordingly be represented 
by the equation ; 

3Ca-P20^ + OaCO« - + GO^. 

Experiments with normal orthophosphate led to the formation of a salt having the 
composition Ca®P-0® + JCaO or 5Ga®P-0® + CaO. Apatite was decomposed in the 
manner shown by the equation : 

(4Ca3p208 + Ca0P) + GaCO^ = (4Ca3p208 + CaO) + CaCP + 00^. 

These results indicate the necessity of determining the CO- in mineral phosphates 
before ignition ; and as bones comport themselves like a mixture of calcium ortho- 
phosphate and carbonate vitb organic matter, there is no reason to suppose that they 
contain a ^substance having the composition 0a0.3Ca®P-0®, as assumed by Aeby 
(P. Wibel, Ber. vii. 220). See Bone (p. 337). 

Saii-ve Calcium Phosphates. — The following analyses of mineral phosphates 
and superphosphates used in England for agricultural purposes have been published 
by W. C. Eeid {Chem. News, xxxiv. 48, 55). 

1~5. Cambridge coprolites from the upper greensand of Cambridgeshire: grey 
hard nodules, consisting either of true coprolites or of concretions formed round bones. 
6, 7, 8. Coprolites from Boulogne. 9-12. Psendocoprolites from Suffolk : calcareous 
concretions impregnated with phosphates. 13. Coprolites from Bedfordshire. 
14. Lenticular coprolites, a poor variety from Cambridgeshire. 15 and 16. Enssian 
coprolites. 17. South Carolina and Charleston phosphates of high value. They 
are obtained from chalk-beds, and form irregular nodules enclosing animal remains 
and imbedded in clay. 18 and 19. Lot or Bordeaux phosphates from the Departments 
Lot and Lot-et-Garonne. where they occur in veins and thin layers of a limestone. 
The analyses relate to the best and a poorer quality. 20 and 21. Nassau phosphorites, 
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ordinaruy very rich in iron ; not much in request of late. The analyses ^ve the 
extremes between which the actual values generally fluctuate. 22-25. Spanish and 
Portuguese phosphorites, usually classed together as Estremadura phosphorite. 
26, 27 . Norwegian, and 28, Canadian apatite, forming veins in crystalline rocks ; 
exported to England in small quantities only. 29 and 30. Sombrero guano, really a 
phosphorite; formerly imported in considerable quantity, lately but seldom. The 
two analyses give extreme values. 31 and 32. Navassa guano, a similar material from 
the island of Navassa. In this case also the analyses give extreme values. 

Composition ofNcitim Calcnm Phosphates. 



Ca=P=0® 

CaCO» 


CaF= 

CaCP 

Insoluble 

Silicates 

1. 

60-87 

18*25 

5*30 

1*80 



6-50 

2. 

58-52 

12*47 

3*49 

2*20 

— 

6-04 

S* 

27-12* 

11-66 

4*44 

3*00 

— 

6*22 

4. 

54-89 

16*13 

3-82 

4*00 

— 

8*64 

5. 

57*09 

13-27 

3-24 

4-33 

— 

6*93 

- 6. 

46-45 

11-93 

7*29 

2*08 

— 

23-56 



V. 

^ 

.j 



7. 

48*0 


20*00 


— 

28*1 

8. 

43-3 


22-90 


— 

28*2 



/ 


^ 



9. 

53-4 

17*5 

10-4 

1-4 

— 

9-7 

10. 

61-3 

11*6 

4-8 

3 

— 

10 

11. 

52-5 

12*2 

8-5 

4-3 

— 

12-2 

12. 

56 

10 

8 

3 

— 

12 

13. 

50 

8 

8 

4 

— 

20 

14. 

36 

10 

12 

3 

— 

28 

15. 

33 

5*5 

6 

3*5 


43 








16. 

48 

1 12 1 

— 

30*5 



r- 





17. 

54 

14 

3*5 

2*5 

— 

15 




— Y 





18. 

67*19 

16*31 

4*20 

— 

5*2 

19. 

55*46 

8*30 

12*86 

— 

19*13 

20. 

58 

d 

10 

— 

— 

10 

21. 

s 65 

8 

15 

— 

— 

12 

22. 

72 

9 

3*5 

3-5 

— 

4 

23. 

78-7 



8*8 



11*4 

24. 

72-6 

— 

5*1 

— 

18*3 

25. 

80*6 

4*2 

2-0 

— 

12-3 

26. 

90-74 

— 

2 

-1 

1*61 

1*64 

27. 

91*13 

— 

— 

1*59 

4-28 

— 

28. 

91*20 

— 

— 

7*60 

0-78 

0*9 

29. 

69 

2 

7 

1-5 

— 

1 

30. 

76 

4 

10 

1*8 

— 

2 

31. 

55 

4 

23 

1 

— 

4 

32. 

70 

6 

28 

2 

— 

5 


* Probably a misprint for 67-12. 

A phosphorite from Kossberg near Eossdorf in Hesse-Darmstadt was found by 
P. Wagner {Ber, d. landw. V&rsuschsst. JDarmstadt, 1874) to* contain 38‘92 per cent, 
phosphoric acid; another from Oberamstadt, Hesse-Darmstadt, yielded 23 '2 per cent, 
phosphoric acid, 19*6 silica, and 8‘6 alumina. A guano from Australia yielded 60*70 
per cent, calcium phosphate containing 2*78, phosphoric acid. 

Several samples of phosphorite from Logrosan, Estremadura, very large quantities 
of which are imported into Germany by way of Hamburg (more than 11000 kg. in 
1872), have been analysed by B. Niederstadt (Ber. vii. 107). It has the advantage 
over many others of containing only small quantities of ferric oxide and alumina, so 
that the retrogression of soluble into insoluble phosphates does not take place in it to 
any great extent. It contains, however, a large amount of silica : 
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Ca»P»0» 


CaCO’ 

CaSO* 

Fe=0* 

A1“0=* 

CaP* 

SiO* 

H»0 

54*691 

7*010 

8*065 

1*200 

0*621 

0*165 

1*520 

25*720 

0*250 99*242 

62*352 

1*605 

13*688 

2*440 

0*528 

0*985 

1*204 

16*412 

0*175 =* 99*389 

57*369 

0*708 

7*385 

1*599 

0*453 

0*405 

1*822 

29*428 

0*790 « 99*959 

59*594 

3*977 

13*327 

0*858 

0*910 

0*427 

0*983 

19*164 

0*721 = 99*961 


Calcmm phosphate from Ciply, in Belgium, containing 20*3o per cent. has 
been analysed by Nevoit {Comi^t. rend. Ixsix. 256 ; Ohem, Soo. J. 1874, 1146). 

On Apatite, see p. 116. 

Oaloio -uranic !Phosphate^ (Ca0.2IJ0®)P20® + 8H®0. Uranite Autunite {iY. 
585). This mineral has lately been examined by Church {Chem. Sog, J, 1875, 109) 
with special reference to its amount of water. 

Analyses . — 1 and 2. Sulphur-yellow crystals from Cornwall. 3 and 4. Crusts 
about half an inch thick, composed of irregularly grouped yellow crystals 6om Autun. 
5. Smaller crystals from Autun, having a deeper sulphur-yellow colour : 


• 

1 

2 

3 

4 6 

Water lost over Sulphuric acid 

, not det. 

8*24 

9*08 

8*38 9*48 

„ in a vacuum 

• ,j 

not det. 

5*28 

not det. 4*95 

„ at 100° 

13*8 

6*90 

not det. 

7*29 0*75 

„ at a red heat 

4*85 

4*12 

6*28 

4*02 5*15 

Uranic oxide .... 

60*00 

not det. 

61*34 

not det. 60*87 

Lime ...... 

5*01 

— 

5*24 

— 5*31 

Phosphoric anhydride . . 

. 13*84 

— 

14*97 

13*66 13*40 


From the constancy of the loss of water in dry air and in the vacuum, it may be 
inferred that this water is not merely hygroscopic, but chemically, though loosely 
combined ; and this view is corroborated by the fact that the crystals, in parting with 
this water, undergo physical alteration, becoming opaque and brittle. The numbers 
show that uranite in its original state contains 10 mols. H^O, of which.6 mols. are 
given off under the air-pump. 

Cerium Phospliates. Monazite from Arendal, in large dull crystals, free from 
thorium, has been analysed by Eammelsberg (JaW. /. Min. 1877,831). A, Direct 
result of analysis. B. Corrected for admixtures. C. Values calculated according to 
the formula (Oe, La, Di)“P-0®, in which Ce : (La, Di) = 2 : 3 ; and Ce-138,* 
La, Di==140. 



pSQS 

Ce“0* 

La»0»,Di“0* 

Fe»0* 

CaO 

SiO“ 


A. 

28*78 

27*73 

39*24 

1*30 

0*90 

1*60 

= 99*55 

B. 

29*92 

28*82 

40*79 

— 

— 

— 

= 99*53 

0. 

30*28 

27*72 

42*00 

Sp. gr. 

= 5*174. 



= 100 


According to these results, monazite free from thorium must be identical with crypt- 
olite (iv. 558). 

P. V. Jeremejew {Zettschr. Kryst. i. 398) describes crystals of monazite from the 
Ilmen moimtains, exhibiting combinations of the forms oopco, ooPco, ooP, +Poo, 
Poo .OP, and twins according to OP, 

An analysis of turnerite by F. Pisani (Jahrh.f. Min. 1877, 412), made on a very 
small quantity of material, gave the approximate values P^O® 28*4, CeO 59T, LaO 
8-9 = 96*4, showing the identity of turnerite with monazite.* 

Cbromlc Pliospliate. The violet modification of this salt, Cr2(PO'‘)“+ 1 221^0, 
gives off at 100°, and is converted into the green modification; with nitric and 
sulphuric acids it behaves like the violet sulphate (Etard, p. 458). 

Cluctnum Pliospliatey G-P(PO^)2 is precipitated on adding ordinary disodic 
phosphate to a solution of normal glucinum sulphate (Atterberg, Bull. Soc. Chim. 
[2], xix. 497). 

Iron Phosphates. VHien sodium phosphate and ferrous sulphate are enclosed, 
together with carbon dioxide and a little water, in a sealed tube, the ferrous phos- 
phate produced by double decomposition of the two salts is coloured blue (even in the 
dark) by the action of carbon monoxide formed by reduction of the dioxide. About 
one-sixth of the carbon dioxide is thus reduced in a few days. An ethereal solution 
of chlorophyll is separated by hydrochloric acid into two layers, the upper of which 


^ Turnerite was ori^nally regarded as a silicate (v. 919). 
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contains iron, lime, and phosphoric acid— that is to say, tne constituents of vivianite 
(E. N. Horsford, Ber. yI 1390). 

Ferrio JPhos^hates (Millot, Bull. Sog. Chim. [2], xxii.^ 242). — The well-known 
precipitate obtained on adding ordinary sodium phosphate in excess to z^ferno salt 
has the composition Ee-O^.psQs + 6B?0 or + bWO, and yields on ignition 

the anhydrous salt Ee^POO^, which is insoluble in water and is decomposed by 
alkalis. 

The salt 2Fe”0^.3P-0® + lOH-0, first prepared by Eammelsberg, is obtained easily 
and in any required quantity by treating ferric oxide with excess of phosphoric acid, 
either at ordinary or at higher temperatures, adding water, filtering, heating the 
filtrate to the boiling point, and drying the resulting precipitate at 100^. This salt 
gives off all its water at a red heat, and is then no longer soluble in acids. The salt 
Fe-0^.2P”0^ Hh 8H-0 is obtained by heating the last with 2 mols. phosphoric acid. 

According to Gr. W. Waine {Chem. News, xxxvi. 132), the ferric phosphate ob- 
tained by precipitating ferric chloride with sodium phosphate always has the com- 
position 2FePO<-l- or Fe^O®.P20® + 6H^O, whether it be obtained by adding 
ferric chloride to excess of sodium phosphate, or sodium phosphafe to excess of ferric 
chloride. 

On Andrewsite, a native iron phosphate from Cornwall, see p. 84. 

Xiead Pbospliates are decomposed by nitric acid, with formation of lead nitrate 
and free phosphoric acid, the decomposition being complete if the nitric acid is of such 
a strength that the lead nitrate will not dissolve in it (Duvillier, Compt. rend. Ixxxi. 
1251). Lead phosphate is easily decomposed by excess of potassium iodide, with 
formation of lead iodide or the double iodide of lead and potassium (Oampani, Gaz:s. 
chim. ital. 1876, 461). 

ACagnesium Phospliate. A compound of magnesium-hydrogen orthophosphate 
with nitrogen tetroxide, 4MgHPO'^.N204 is obtained by dissolving magnesium pyro- 
phosphate in nitric acid of sp.gr. 1*25; keeping the solution nearly at the boiling 
heat for some time to convert the pyrophosphate into orthophospliate ; then evapo- 
rating to dryness on a sand-bath ; reducing the white, gummy, fissured acid residue 
to coarse powder ; and heating it somewhat more strongly — best in a paraffin-bath — 
till it assumes a rusty-brown colour, and ceases to give off acid fumes. The compound 
thus prepared is a crystalline powder, whitish-yellow at ordinary, rusty-brown at 
higher temperatures, and becoming whitish-yellow again on cooling. When strongly 
heated it gives off water and nitrogen tetroxide, and leaves a residue of magnesium 
pyrophosphate (E. Luck, Zcitschr. anal. Chem. vii. 255). 

Manganese Pliospliates. These salts have been examined by Erlenmeyer a. 
Heinrich {Liebig's Annalen, cxc. 189). 

Monomanganous Phosphate, MnH'‘(PO'^)^ 4- 2H^O, previously obtained by 
Heintz (iv. 571), is prepared % dissolving recently precipitated manganous sulphide 
in excess of phosphoric acid, leaving the solution to crystallise, and removing the 
mother-liquor by washing with ether free from water and alcohol. At 100° it 
gives off water, and is partially decomposed, with separation of phosphoric acid. It 
remains unaltered in dry air, but deliquesces in moist air, forming an acid liquid 
from which crystals of the dimanganous salt separate out. The same change takes 
place when the monomanganous salt is treated with cold water, so that Heintz’s 
statement that this salt is easily soluble in water cannot be regarded as correct. 

Dimanganous Phosphate, Mn“JB[-(PO'*)- + 6H-'0, or MnHPO* + 3IPO, may be 
obtained by methods already described (iv. 571), or, according to Debray {Ann. Chim. 
Phys. [3], ixi. 433), by treating manganese carbonate with aqueous phosphoric acid, 
and heating the resulting solution to 70°~or in larger quantity and better crystals by 
heating the same solution with alcohol till* it becomes turbid, and then leaving it to 
itself for awhile. The crystals thus obtained are, according to Haushofer’s measure- 
ments, orthorhombic, having the axial ratio, a\h\ 0*9445 :_^1 : 0*9260, and mostly 
exhibiting the combination ooPoo , copoo . OP . P . IP . |Poo , An anhydrous 
dimanganous phosphate, Mn‘(PO^H)2, is obtained by boiling the monomanganous salt 
with alcohol. 

Trimanganous Phosphate, (Mn)3(PO*)^ 4- 7H20, is obtained in indistinct 
crystals by precipitating manganous sulphate with excess of disodic phosphate : it 
gives off half its water over sulphuric acid. A trimanganous phosphate, differing 
somewhat from the preceding in the manner in which it gives off its water of crystal- 
lisation, is obtained in needle-shaped crystals by treating the dimanganous salt with 
cold water, It effloresces on exposure to the air, the effloresced product containing 
from 9 to 11 mols. water according to the degree of moisture of the air. Over sul- 
phuric acid, however, it is likewise converted into the salt with 7 mols. H^O. 
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A fentammgmoii^ ‘pkosphaU, Mn5H2(P0‘P + iH20, is obtained bj filtering the 
liquid resulting from the decomposition of the monomaiiganous salt by water, and 
keeping it for some time at the boiling heat. It then separates in rose-coloiired, 
rather large and well-defined crystals, which give off their water at 150°, and become 
opaque, without melting, at a red heat. According to Haushofer’s measurements, 
they are monoclinic. Axial ratio a\h \ o== 1*9927 - 1 * 1*7122. Angle <zo~82° 26"^. 
Combination ooP . OP . Poo . The prismatic faces are vertically striated. Many 
crystals likewise exhibit the positive heiJiidome Poo (Erlenmeyer). 

When pure manganese dioxide or a permanganate is dissolved at 100°-1 10° in 
syrupy phosphoric acid, a dark amethyst-blue syrup is obtained which is dissolved in 
all proportions by water, with ruby-red colour (Barreswil’s test, Coiwpt. rend. xliv. 
677) ; and on heating the solution in the water-bath, it becomes colourless, and de- 
posits a greyish-green muddy precipitate of a peculiar phosphate, which when dried 
at 106° forms a light greenish-grey powder, appearing under the microscope crys- 
talline and slightly douMe-refractive. It is insoluble in water, but when boiled 
with hydrochloric acfid, it forms, with evolution of chlorine, a clear light yellow solution, 
containing nothing but manganese and phosphoric acid. From this an«i the following 
phosphates, ammonium sulphide throws down the manganese, not as a flesh-coloured 
hydrated sulphide, but as a blackish-green anhydrous sulphide. At a low red heat, 
this phosphate gives off a considerable quantity of water, and assumes a brownish 
ash-grey colour. At 100°--110° it redissolves in syrupy phosphoric acid, producing 
the original amethyst-red liquid. On saturating pliosphoric acid with this phosphate 
at the same temperature, and concentrating the solution on the sand-bath, a second 
phosphate is deposited in six-sided plates or tabular rhombohedrons, or rhombic 
dodecahedrons, ^ mm. in size, strongly lustrous, double-refracting, amethyst-coloured 
when hot, dark ruby-red, at ordinary temperatures. These crystals, which are 
insoluble in water, are perhaps identical with peach-blossom coloured manganic 
metaphosphate. By concentrating the amethyst-blue phosphate over a gas-flame at 
a low red heat, a third phosphate is obtained in the form of a honey-yeHow trans- 
parent glass, soluble in all proportions in water; and on finally driving off the excess 
of phosphoric acid at a red heat, a fomdh phosphate is left, in the form of brilliant 
grey needle-shaped crystals, infusible, and permanent in the fire (W. H. Laspeyres, 
J. pr. Chem. [2], xv. 320). 

Pyeophosphates, == (M'0)“OP — PO(OM'')“. A number of these salts, 

principally double salts, have been prepared by C. bT. Pahl {JB&r. vi. 1465), in most 
cases by dissolving the pyrophosphate of a heavy metal in a solution of an alkaline 
pyrophosphate. The following have been analysed ; 



. Mnsp^O^ 

-t- 

lOH^O 

2Na'‘P^O^ . 

+ 

24H'0 

Na^P-O^ 

. Mn^P^O^ 

+ 

m-0 

Zn^P^O' -h SH^O 
SNa^P^O* . Zn^psQ^ 

+ 

24H-0 

Na2P‘0^ 

. Zn^P-O^ 


2^, 3I-, and SH^O 

dNa^P^O' . oZu^P^O^ 

+ 

26H20 

Na^P^O’ 

. iZn^P^O^ 

+ 

12H20 

oNa^P^O’ . Fe^P^O*' 

-l- 

7H^0 

2Na 'P^O' . Fe‘P“0“> 

+ 

5 and 6H-0 


. Cd^P^O* 

+ 

SH^O 

Gu'-^P^O^ 

. Cu^H^O^ 

+ 

3H20 

3X4P20’ 

. Cu^P^O' 


4H20 

3Na‘‘P'0’ . Cu2P=0’ 

-h 

4, 24, and 32H-0 

2Na‘p20’ . 3Cu=P*0’ 


16, 20, and 21H20 


The following table exhibits the specific gravities of several pyrophosphates, as 
determined by pupils of F. W. Clarke [Bill. Am. J. [3], xiv. 281) : 


Salt 

Na^P^O^ . 

Na^P^O^ + lOH^O 
Mg^P“0^ 

Mn^P^O^ 


Specific grarity Determined by 

\ 2*3851*) at 17° G A Moln* 

Jand 2-3613 I ^ 


l-7726t 

„ 21° 


l2-598i 

J 2-659 

„ 22°) 

„ 23° J 

G. W. Lewis 

(3-5847 

« 20°) 


j 3-5742 

„ 26° J 

J3 


* Sclirbder found 2*534. 
VoL. YIII. 


t Playfair a. Joule found 1*83. 
5 L 


t Scbrbder found 2*22. 
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Determined by 
G-. W. Lewis 


Sdt 

Specific gravity 


5 3*7538) 030 

• {and 3*75735 

CoW’ . 

53*746 „ 23° 

J 3*710 „ 25° 

NiW' . 

53*9303 „ 25° 
} 3*9064 „ 27° 


For soclkm metcuphospliate, KaPO^ C. A. Mohr 2-4756 at 19*5° and 2*4769 at 18°; 
for potassium metaphosphate^ KPO®, 2'2639 and 2*2513 at 14*5° ; for tnsodic ortho- 
phosphate, Na'TO^ 2‘5111 at 12° and 2*5362 at 17*5°. 

Double pyrophosphates of lithium with sodium and potassium have been pre- 
pared by Kraut, Nahnsen a. Cuno {Liehig*s Amialen, clxxxii. 165). Mixtures of the 
aqueous solutions of sodium pyrophosphate and lithium chloride, when left at rest at 
ordinary temperatures, deposit a double salt only when the lithium pyrophosphate is 
in excess ; when the mixtures are heated, a precipitate of the^ouble salt is also 
formed more quickly in proportion as the quantity of lithium salt is greater. With 
an excess of sodium salt, the formation of a crystalline precipitate takes place only 
after prolonged boiling. The composition of the precipitates differs according to the 
proportion of the two salts present in the solution. Double pyrophosphates of lithium 
and potassium are formed in the same way, but less readily. 

When calcium pyrophosphate is exposed for several hours to a dull red heat, and 
the fused mass is stirred with an iron spatula, a perfectly transparent glass is obtained 
which after cooling exactly resembles ordinary glass in appearance, has a density of 
2*6, and a refractive power equal to that of crown-glass (1*525). It may be worked 
like ordinary glass into prisms, lenses, &c., and cut and ground into various forms. 
It does not dissolve any metallic oxides except those of cobalt and chromium. It 
resists the action of acids at ordinary temperatures, but is attacked by them when 
heated ; also by potash. On the other hand, it completely withstands the action of 
hydroduoric acid, and may therefore be used for making spectacles for workmen who 
are exposed to the fumes of that acid ; it may also be applied to the making of enamel 
(Sidot, Compt. rend. Ixxxiv. 1501). 

Phosphoutc Ethers. On the action of Ethyl Phosphate on the Chlorides of 
Phosphorus, see p. 1589. 

Plxeuylplxosplioric ikcids and CMorides (Jacobsen, Ber. viii. 1519). 

Monophenylphosphoric Chloride, PO(O0‘’H®)CP, is formed by adding 1 mol. 
phenol to 1 mol. POOP, then heating, distilling, and fractionating. It boils at 241°-- 
243°, and is converted by access of moisture into 

Monophenylphosphorio Acid, PO(OC®H''’»)(OH)2.— This acid forms thick deli- 
quescent needles melting at 97°-98°. During the concentration of its solution it 
partly decomposes into phenol and phosphoric acid. By distillation it is resolved 
into phenol and metaphosphoric acid. Its barium salt is very soluble in water, and 
crystallises in transparent prisms. 

Biphcnylphosphorio Chloride, PO(OC«H'^)'2Cl, produced by the action of 
several molecules of phenol on 1 mol. POOP, boils at 314°~316° (bar, at 272 mm.), 
and offers a somewhat considerable resistance to the action of alkalis. 

Diphenylphosphorio Acid, PO(OC®H^)-OH, formed from it, is an oily liquid 
slightly soluble in water and in alcohol. Its sodium salt crystallises in transparent 
needles. 

Triphenyl Phosphate^ PO(OC®H®)®, formed in the last-mentioned reaction, 
together with diphenylphosphoric chloride, crystallises in slender needles, melts at 45°, 
and boils at a very high temperature. It is insoluble in water, but dissolves readily 
in alcohol (Jacobsen). 

BenzyUphenyl Phosphate, (Cl3Hll)3p04=.po[OCW(C^H’)l^ is obtained by 
heating benzyl-phenol, 0«H‘‘(C^H'')OH, on the water-bath with phosphorus penta- 
chloride, and decomposing the product with water. When* purified by washino* with 
a small quantity of ether, it forms white crystals, slightly soluble in ether^ more 
readily in alcohol and in chloroform, melting at 93°-94° (Paterno a. Eileti, Gazz. 
chim. ital, vi. 121). 

Triphenyl Monothiophosphate, PS(OC«ID)^ is prepared by boiling a mixture 
of phosphorus thiochlonde (1 mol.) and phenol (3 mols.) in a reflux apparatus till the 
liquid assumes a darker colour, then treating the cooled product with soda-ley and 
crystallising it from alcohol : ’ 

P8CP -h 3C«HS0H = 3HC1 + PS(0(1‘dD)«. 
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This ether forms small white needle-shaped crystals which turn red on exposure 
to light, but lose this colour when kept in the dark. It is insoluble in water, but 
soluMe in ether, chloroform, benzene, and carbon sulphide. It melts at 40°, and boils 
with decomposition at a temperature above 360°. On mixing its alcoholic solution 
with a solution of thallious oxide, thallium sulphide is precipitated and triphenyl- 
phosphate is produced. The thio-ether is not altered by boiling with water. Strong 
nitric acid does not act upon it, but the red fuming acid oxidises it partially, with 
separation of a red oil, and completely when heated with it under pressure (P. Schwarze, 
J. pr. Chem, [2], x. 222). ^ 

Tr ijp henyl TritJiioj^hosphate, PO(SC®H^)*, is formed on boiling phosphorus 
oxychloride with phenyl-mercaptan, and separates after some time from the cold- 
saturated alcoholic solution in well-defined prisms, apparently monoclinic. It is 
insoluble in water, but dissolves in alcohol, ether, benzene, chloroform, and carbon 
sulphide, melts at 72°, and boils with decomposition at a temperature above 360°. 
With nitric acid it* reacts like the monosulphuretted ether. It is decomposed by 
gentle heating with water, a mixture of acid phenyl-ethers of thiophosphoric acids 
passing into solution, while a mixture of neutral ethers remains undissolved 
(Schwarze). 

Triyhenyl Tetrathiofhosxihatej PS(SC®H®)®, prepared with phenyl mercaptan 
and phosphorus thiochloride, forms white needles having a silky lustre, and melting 
at 86°. It is insoluble in water, but dissolves in alcohol, ether, benzene, chloroform, 
and carbon sulphide. It does not volatilise without decomposition. With water and 
with nitric acid, it reacts like the monothiophosphoric ether. Attempts to convert it 
into tripheuylphosphine by the action of metals (bismuth, copper, thallium) were 
unsuccessful (&hwarze), 

PHOSPHORUS SUX.PHXHES (G. Eamme, Ecr. xii. 1350). Phosphorus 
pentasidphide is obtained in pale yellow prisms, by heating in sealed tubes at 210° tor 
eight hours a solution of sulphur and common phosphorus in carbon bisulphide. 
Attempts to prepare the trisulphide P-S^ by this method, or by heating a mixture of 
amorphous phosphorus and sulphur, were unsuccessful, the product in each case 
consisting of the disulphide PS-, or, according to its vapour-density, P^S“. Phosphorus 
dis'ulphi^ crystallises in pale yellow transparent needles, which melt at 296°-298°. 

Heated with water at 150°, it yields phosphorous, phosphoric, and hydrosulphuric 
acids. The compound P^S® is obtained by heating a mixture of sulphur and red 
phosphorus in a tube at 260°, or by heating with common phosphorus in a 
current of carbonic anhydride at 320°. It dissolves freely in carbon bisulphide, and 
separates from the solution, on evaporation, in pale yellow prisms melting at 166°. 

The substance described by Berzelius as P"S^“ (iv. 605) is not a definite com- 
pound, but consists of crystals of sulphur mixed with a small quantity of phosphorus. 
The liquid sulphides of phosphorus mentioned by Berzelius are mixtures of sulphur 
and phosphorus, which are separated by distillation with water. 

PHTnAXiHinXiS. Syn. with Phenyl-phthalimibes (see Phthalimides). 

PHTHa.Xi£ms and PHTHAIirpys (vii, 977). 1. PHenol-phtlialein, 

(A. Baeyer, Per. ix. 1230 ; xii. 642). This compound is obtained: (1). Bv 
the action of phthalic anhydride on phenol in presence of sulphui*ic acid : 

C8H^O« + 20SH60 = H-0 -f 

Five parts of phthab’c anhydride, 10 pts. phenol, and 4 pts. strong sulphuric acid are 
heated at 120° for ten hours, the resulting mass is boiled with water, and the residue 
dissolved in dilute soda-ley. On filtering the liquid, the anhydride of phenol-phthalein 
remains undissolved, and the filtrate mixed with acetic acid and a small quantity of 
hydrochloric acid, deposits the phthalein, which may be purified by solution in alcohol 
and boiling with animal charcoal. The alcoholic solution mixed with water and heated 
to the boiling point deposits the phthalein in the form of a white or yellowish granulo- 
erystalline powder. From the aqueous mother-liquors or from a solution in over-heated 
water, it may be obtained in larger crystals, which, according to Groth, are trielinic. 

(2). From Diphenyl-phthalide, formerly called Phthalo- 

phenone (p. 1619). When this compound is added at ordinary temperatures to film- 
ing nitric acid, a mixture of isomeric dinitrodiphmyl’phthoMdes is obtained, which, 
by reduction with tin and hydrochloric acid, yields a mixture of diamido-com- 
pounds ; and on removing the tin by hydrogen sulphide, precipitating with sodium 
carbonate, and dissolving the resulting precipitate in hot alcohol, the solution on 
cooling deposits a diamidodiphenyl-phthalide, C“®H*-(NH“)“0^, in thick plates having 
an adamantine lustre and melting at 179°-18{)°, the moiher-liquor when concentrated 
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yielding a small quantity of an isomeric compound in crystalline crusts melting at 
205°; and finally, on dissolving the diamido-compound melting at 179°-180° in an 
acid, and heating the solution with potasssium nitrite, the corresponding dihydroxyl- 
com'jyoimd, C2‘’H*^(0H)-0^ is obtained, which dissolves in alkalis with violet colour, 
and is identical in every respect with the phenol-phthalein produced from phenol and 
phthalic anhydride. 

Phenol-phthalein is therefore dihydroxy-diphenyl-phthalide, and is closely 
related in constitution to rosolic acid : 

Phenol-phthalein. Eosolic acid. 

Its formation from phthalic anhydride and phenol is represented by the equation ; 

+ 2C!«H*OH = ffO + c®h-'<;^qq'^>o 

and is analogous to the action of aldehydes on phenols in presence of dehydrating 
agents, e.g. 

CmCOH + 2CfiH^OH = H^O CmCH(C«H40H)2 

Phenol-phthalein is converted by fusion with potash into benzoic acid and 
dihydroxybenzophenone : 

+ H“o = o^mco® + co(C“h<ohj'-=. 

With phosphorus pentachloride, it yields dichlorodiphenylphthali de, 

Strong nitric acid converts phenol-phthalein into a nitro-compound reducible by 
tin and hydrochloric acid to amidophenol-phthalein, the hydrochloride of which 
dissolves in soda-ley with blue colour, and when heated to 170° with sulphuric acid, 
yields a derivative of anthraqninone, probably alizarin. 

Tetrahromo^phenolphthaleiny is formed by the action of bromine in 

excess on phthalein. It crystallises in short colourless prisms, which melt at 220°- 
230°, and are sparingly soluble in alcohol and glacial acetic acid. In alkalis it dissolves 
with violet colour, which disappears with excess of the solvent ; but the violet am- 
moniacal solution is not so decolorised. Heated for six hours at 145°-150° with 
strong sulphuric acid, it is converted into dibromoxyanthraquinone and dibromo- 
phenol : 

C2oHioBriO‘» « + C^H^Br^.OH. 

Phenol-phthalein Hydrate. — Phenol-phthalein, when fused with sodium hydrate, 
yields phenol-phthalein, which is not decomposed even when strongly heated ; but 
when the phthalein is heated at 100° with three times its weight of potassium hydrate 
for 24 houi’s, a substance is formed which crystallises from water in long needles 
agreeing in composition with the formula 2H-0. 

Diacetyl-phenol-phthalem, is readily formed by boiling phtha- 

lein with acetic anhydride. It crystallises from wood-spirit in colourless tables melt- 
i»ng at 143°. 

Phcnol-phthalmi chloride, is formed by the action of phosphorus 

pentachloride at 125° on phenol-phthalein. It crystallises from glacial acetic acid 
and alcohol in beautiful silky laminae, which melt at 155°-156°, and sublime without 
decomposition. It is reduced by hydriodic acid, 

Phenol-phth all n, or 

(C®H^OH)2CH.C®H'‘.COOH, is formed by the action of zinc-dust on phenol-phthalein 
dissolved in alcohol. It crystallises in small needles, and forms with potash a colour- 
less solution which is coloured deep red by potassium ferricyanide, phthalein being 
reproduced. When boiled with acetic anhydride, it yields a di-acetyl-compound, which 
is difficult to^purify. 

Tetrahromophenol-phthalin may he obtained either by reducing tetrabromophenol- 
phthalein in aramoniacai solution with zinc dust, or by treating phenol-phthalin 
with excess of bromine in alcohol or glacial acetic acid. It crystallises readily, melts 
at 140°, and dissolves without colour in alkalis. Its acetyl-compound is crystalline 
and melts at 165°-166°. 

C«IPOHv 

Phenol-phthalidin, >CH— C«H^-~-This compound is 

C«H"OH/ j 

» CO 
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formed by the action of snlphurie acid on phenol-phthalin, and is thrown down by 
water from the acid solution in the form of an amorphous yellowish precipitate, 
which dissolves readily in ether to form a yellow solution with greenish fluorescence. 
It is not crystallisable, and oxidises easily in the air, so that it cannot well be 
analysed ; but the composition of the bromine-derivative described below shows that 
its formula is and consequently that it is formed by elimination of water 

from phenol-phthaHn, into which substance it is reconverted by heating it with water 
at 175^. It dissolves in alkalis without alteration in the absence of air. 

Tetrahrom(ypheml-’'pJit}ialidin, C^H*®Br^O®j is thrown down by water from a solu- 
tion of the tetrabromophenol-phthalin in strong sulphuric acid, asia yellow precipitate, 
which crystallises from alcohol in yellow needles. It dissolves sparingly in alcohol 
and glacial acetic acid, freely in ether and acetone, and forms yellow solutions in alkalis. 

CfiH^OHv 

JPhenol-f Jit kali deinij = \COH — C®H^. This compound, 

I 

• I CO 

metameric with phenol-phthalein and related to phenol-phthalidin in the same 
manner as triphenyl-carbinol to triphenyl-methane, is produced by oxidation of 
phenol-phthalidin, the best reagent for the purpose being potassium manganate in 
alkaline solution. It crystallises from glacial acetic acid in colourless, thin, tabular 
crystals, and from weak spirit in thin laminae, which melt at 212". It dissolves in 
potash-ley, with yellow colour, and is precipitated from the solution in colourless 
amorphous flocks by acids. It forms a deep violet solution with sulphuric acid, the 
smallest portion of phthalidein being enough to colour a large quantity of the acid. 
Its alkaline solution is reduced by zinc-dust to phenol-phthalidin. 

Diacetyl-jphenol-jpJithalidein, C2oH^“0‘‘(C^E[^0)^ obtained by boiling phenol-phtha- 
lidem with acetic anhydride, crystallises in small prisms melting at 109^. 

Fhenol-phtJuilidein chloride, formed by the action of phosphorus penta- 

chloride on phenol-phthalideih at 125®, crystallises from alcohol in silky needles, which 
melt at 156°. 

TetrahT 07 no;pkenoU'phthalidein, is formed either by the action of 

bromine on phenol-phthalidein, or by the oxidation of tetrabromophenol-pbthalidin. 
It crystallises from alcohol in colourless opaque crystals, which melt above 280° ; 
dissolves in alkalis with yeUow, and in strong sulphuric acid with blue colour. When 
heated to 140° with sulphuric acid, it behaves like tetrabromophenol phthalein, yield- 
ing dibromoxyauthraquinone. The diacetyUcoonpound, C"®H®(C-H®0^)Br^0 S formed by 
boiling it with acetic anhydride, melts at 182°-183°. 

Compounds of Phenol-phthalidein with Phenols. — When a phenol is added to the 
solution of the phthalidein in strong sulphuric acid, the colour of the solution at once 
changes from violet to blood-red, and on addition of water a red amorphous precipi- 
tate is thrown down. The compound with phenol is an amorphous brick-red powder, 
which dissolves with deep violet colour in alkalis, and is thrown down again by acids 
as a yellowish-red precipitate. Its alcoholic solution, when treated with bromine, 
yields a crystalline substitution-product, soluble with blue colour in alkalis. Tetra- 
bromophenol-phthalidein similarly combines with phenol, as does also phenol-phthali- 
dein chloride. The phenol-compound forms with ammonia at 150°--160° a crystalline 
substance soluble in alkalis, and with bine colour in strong snlphupic acid. 

Phenol-hydroxy-pUhalein, , a com- 

pound closely resembling phenol-phthalein, is formed by heating hydroxyphthalic 
anhydride with phenol and sulphuric acid, at 115°. It is somewhat more soluble in 
water than phenol-phthalein, and its dilute alkaline solution is rose-red. It is reduced 
by zinc-dust to a colourless by dr oxyphthalin, which, by the action of concentrated 
sulphuric acid, is converted into a greenish-yellow hydroxyphthalidin ; the latter, like 
the phthalidin, is oxidised by sulphuric acid and manganese peroxide in the cold, 
yielding a colourless hydroxyphthalidein, which dissolves in sulphuric acid, with a bine 
violet colour (Baeyer, Ber. x. 1079). 

Biimidophenol-phthale'in, S! (Baeyer a. Burkhardt, 

Ber. xi. 1297). — The ammonium salt of this compound is formed by heating phenol- 
phthalein for three hours at 160°-170° with 10 pts. of aqueous ammonia; and on 
treating this salt with an acid, the free diimido-compound is obtained as a yellowish 
amorphous precipitate, which may be purified by treating its alcoholic solution with 
animal charcoal, and recrystallising it from a mixture of alcohol and benzene. It is 
somewhat soluble in boiling water, dissolves readily in alcohol, acetone, and glacial 
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acetic acid, sparingly in benzene and in chloroform, and crystallises in small colour- 
less pointed needles melting at 265°-"266°. It is dissolved by alkalis without 
coloration, by strong sulphuric acid, with yellow colour. Heated at 1 00° with strong 
hydrochloric acid, it is resolved into phenol-phthalein and ammonia. 

TetrabromoMmido^Uiiol-pUhalem, prepared in like 

manner by heating tetrabromophenol-phthalein with 10 pts. aqueous ammonia for 
three hours at 160°-180°, melts at 280°, and is converted by acetic anhydride into 
the tetracetyUderivative, 

which melts at 241°. Tetrabromodiimidophenol-phthalein is converted by nitrous 
acid in alcoholic solution into dihromodinitrodiimidoj^henol’-fhthalcin : 


Resorcinol-phtbalein, 


„peH4/CO.C®H«(OHp 

- u n SC0.0®H2(0HP’ 


and X'luoresce'm, 


Pluoresce’in, the anhydride of resoreinol-phthaleih, was discovered by Baeyer in 1871 
(vii. 524) ; some of its derivatives were obtained by E. Fischer in 1874 {Ber, vii. 
1211), and numerous others have more recently been prepared and examined by 
Baeyer {Liebig's Annalen, clxxxiii. 1). It is prepared by heating phthalic anhydride 
with resorcinol : 


+ 2C®H®02 = 2H20 -i- 


5 pts. of phthalic anhydride and 7 pts. of resorcinol are heated at 195°-200° till a 
solid mass is formed ; this mass is boiled with water ; and tho undissolvod portion is 
washed with alcohol, w^hich dissolves resinous bye-products. Tho crude fluorescein 
thus obtained is dissolved in dilute soda-ley, precipitated with dilute sulphuric acid 
and extracted with ether. On adding a little absolute alcohol to this solution and 
distilling off the ether, fluorescein crystallises in grains or crusts. The crude fluo- 
rescein may also be purified by boiling it with a quantity of dilute soda which is 
insufficient to dissolve the whole, or by adding calcium chloride to its alkaline solution, 
filtering off the dark brown precipitate, and adding sodium phosphate, which produces 
a brown precipitate of calcium phosphate. The liquid is then again filtered and the 
pure compound precipitated from the filtrate by an acid. 

Fluorescein is an amorphous, yellow, fiocculent precipitate, which, on standing, 
heating, or drying, becomes crystalline, and consists of + H*‘0. From alcohol 

it crystallises in dark red anhydrous grains, and from wood-spirit in yellow prisms, 
which probably contain methyl alcohol. It is almost insoluble in cold water, and 
dissolves sparingly in hot water with a yellow colour ; in presence of acids it is more 
freely soluble. When freshly precipitated it dissolves readily in alcohol, ether, 
&c., but in the crystallised state only slowly, and after continued boiling. In hot 
acetic acid it is readily soluble, but nearly insoluble in benzene, toluene, and chloro- 
form. The ethereal solution is pale yellow, and not fluorescent, whereas the yellowish- 
red alcoholic solution shows a green fluorescence. It may be heated to 280° without 
change, and begins to decompose at 290°. It dyes silk and wool yellow, but does not 
combine with mordants. 

Fluorescein is a very weak acid, dissolving in strong alkalis with a dark rod 
colour. This solution is not fluorescent, but changes on dilution to yellowish-red and 
yellow, and then exhibits a splendid yellowish-green fluorescence like that of uranium 
glass ; and even if so much water is added that the liquid appears colourless in trans- 
mitted light, it shows in reflected light a green tinge like the colour of some Alpine 
lakes. The concentrated solution allows only the red and yellow rays to pass, 
whereas when dilute it gives an absorption- spectrum with a broad dark band in the 
green. 

When alcoholic ammonia is added to a solution of fluorescein in ether, a reddish - 
yellow precipitate is formed, which loses ammonia on boiling or drying. In lime- and 
baryta-water fluorescein dissolves with a reddish-yellow colour ; its alkaline solution 
is not precipitated by magnesium salts, while alum produces a reddish-yellow precipi- 
tate, which, on further addition of alum, becomes yellow, and then consists of pure 
fluorescein. The salts of some other heavy metals behave in a similar way ; the lead 
and silver salts are more stable, and form reddisli precipitates. 

The striking colouring properties of fluorescein afford the moans of detecting even 
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traces of resorcinol in presence of other phenols. It is only necessary to heat the 
substance with an excess of phthalie anhydride to near the boiling point of the latter. 
If the melt remains colourless, neither resorcinol nor pyrogallol or phloroglucol is 
present, but if it has a yellowish -red colour, these substances may be present. In the 
latter case the residue is dissolved in dilute soda, the smallest trace of resorcinol then 
becoming apparent by the fluorescence of the solution, while pyrogallol yields a blue, 
and phloroglucol a yellow liquid, which are not fluorescent. If a large proportion of 
pyrogallol should interfere with the reaction, a solution of potassium permanganate is 
carefully added, which destroys the gailei'n at once, but acts only slowly on the 
fluorescein. 

When fluorescein is heated with soda-ley and zinc-dust, the solution becomes 
colourless. On adding an acid and shaking with ether, fiuorescin dissolves, and 
remains on evaporation as a colourless varnish. It forms an alkaline, colourless 
solution, which absorbs oxygen, while oxidising agents reconvert it quickly into 
fluorescein. 

Huorescein dissolves in concentrated sulphuric acid, with a dark red colour, a 
compound of the two bodies being formed, which is obtained pure by heating 2 mols. 
of resorcin and 1 of phthalie anhydride with an equal weight of sulphuric acid at 100° 
for five to six hours. The melt is washed with cold water and crystallised from wood- 
spirit at a low temperature. In this manner yellowish-red prisms are obtained, having 
the empirical formula C^oH’^O^ + SO^ and melting at 140°-150°. They are decom- 
posed by recrystallisation, become turbid in damp air, and are resolved by warm 
water or alkalis into tbeir components. 

"When fluorescein is boiled with sulphuric acid for some time, resorcinol-coemlin is 
formed, which is precipitated by water in dark red flakes. It dissolves in alkalis 
with a greenish bine, and in ether with a reddish-violet colour, and is also soluble in 
water, the concentrated solution being red, and the dilute splendid reddish violet. It 
is reduced in an alkaline solution by zinc-dust, and the red liquid thus formed again 
becomes blue on exposure to tbe air. 

Besorcinolrfht'kalein, appears to be formed by the action of strong alkalis 

on fluorescein : for on boiling tbe latter with an excess of soda, the liquid, when suffi- 
ciently concentrated, becomes dark violet, and crystals of the same colour separate 
out. On adding water, tbe solution first becomes red, then assumes a dingy colour, 
and on standing, or more quickly on heating, it assumes the colour of an alkaline 
solution of fluorescein, which is precipitated on adding an acid. When alcohol is 
added to the violet solution, it becomes intensely violet, and then gives an absorption- 
spectrum having a dark band between tbe blue and green, and another between'the 
green and red. If an acid he added to the violet alkaline solution, a yellow precipitate 
is formed, dissolving in ether with a yellow colour, and on then adding an alkali the 
latter becomes again violet. These reactions show that resorcin-phthalein is a stable 
body in presence of acids or strong alkalis, but that in a weak alkaline solution it 
soon changes again into its anhydride. 

Monoresor<yinol-^htlialein, = is formed by boiling 

fluorescein with an excess of caustic soda. The violet colour then changes to a 
brownish yellow, and on dissolving the melt in water, and adding an acid, a milky 
liquid is formed, ffiom which crystals soon separate. These may be purified by 
crystallisation from dilute alcohol, and in this manner large yellowish striated 
crystals are obtained, which have the composition -h H^O, and give off their 

water at 100°. They melt at about 200°, but decompose even below this tempera- 
ture when heated for some time. They dissolve sparingly in hot water, very freely 
in alcohol and ether, and form with alkalis a yellow solution, giving with silver 
nitrate a yellowish-white precipitate, which decomposes when heated, with separation 
of metallic silver. Monoresoreinol-phthalein, heated with resorcinol, yields fluorescein, 
which is also formed by heating it alone, phthalie anhydride subliming at the same 
time : 

-h 2H20. 

When some^vhat strongly heated with soda, it is resolved into resorcinol and phthalie 
acid, which is further decomposed into carbon dioxide and benzoic acid. 


Fluorescein-derivatives formed hy reflacement of Hydrogen in the Hydroxyl-groiiys. 

DiacetyUfluoresce’in, is formed by heating fluorescein with 

four or five times its weight of acetic anhydride at 140°, until, on mixing a small 
quantity with alcohol, yellow crystals separate out, which are insoluble in ammonia. 
The whole is now treated in the same way, in order to convert the anhydride into the 
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acetic ether; the crystals are dissolved in acetic acid ; and the solution is poured into 
several volumes of alcohol, whereupon the pure compound crystallises in colourless 
needles melting at 200°. It dissolves but sparingly in alcohol and wood-spirit, 
readily in acetic acid and hot acetone, but is insoluble in ether, benzene, and chloro- 
form. It is decomposed into fluorescein and acetic acid by boiling alkalis, and rapidly 
in alcoholic solution ; the same decomposition is produced by concentrated sulphuric 
acid and hot hydrochloric acid. 

Bihen zoyl-fluoresce'in, is obtained by heating fluorescein 

with benzoyl chloride for an hour at 140®. The dark brown residue is _ boiled with 
water and crystallised from acetone. It forms colourless crystals melting at 215°, 
dissolves sparingly in alcohol, wood-spirit, and ether, but readily in hot acetone. 
Alcoholic potash and concentrated sulphuric acid resolve it into its components. 

Monethyl-fiuoTescein,0'^^K^^O\(y^%^o prepare this compound, potash- 
solution is saturated with fluorescein, the liquid evaporated to dryness, and the residue 
heated for two or three hours at 120° with more than 2 mols. of et^yl bromide and ten 
times its weight of alcohol. The solution thus obtained is diluted with water and treated 
with sodium carbonate to remove unaltered fluorescein. The monethyl-compound is 
then extracted with ether, the solution evaporated, the residue dissolved in alcohol, 
and the solution concentrated. On heating the syrupy residue with ether, monethyl- 
fluorescein crystallises in pale yellow needles melting at 155°-156°. It is readily 
soluble in alcohol, wood-spirit, chloroform, and benzene, and separates from these 
solvents as a syrupy mass, miscible with ether, and crystallising therefrom in needles, 
which are but sparingly soluble in the pure solvent. When water is added to a hot 
alcoholic solution, it becomes milky on cooling, and deposits turbid, yellow crystals. 
The compound is insoluble in dilute alkalis, which decompose it on heating. Con- 
centrated sulphuric acid dissolves the ether with a greenish-yellow colour and a light 
green fluorescence, which disappears on adding water ; on neutralising this solution, 
the unaltered compound is precipitated. 

DiethyUjiitoTesce'in, is not formed by tho action of ethyl 

bromide on the potassium-compound, and only sparingly when the silver compound is 
heated with ethyl bromide and ten times its quantity of alcohol. The reddish-brown 
solution thus formed is concentrated and precipitated with water ; the precipitate is 
treated with sodium carbonate to dissolve unaltered fluorescein ; and the insoluble 
portion dissolved in ether, which is then evaporated, and the residue crystallised from 
alcohol, from which it separates in pale yellow plates. The compound is sparingly 
soluble in ether and alcohol ; the alcoholic solution shows a vivid yellow fluorescence. 
It is not changed by dilute alkalis, but concentrated alkalis and sulphuric acid de 
compose it into alcohol and fluorescein. 

Fluoresce’in chloride^ C‘®H'®O®0r-, is easily obtained by heating 1 mol. 
fluorescein with 2 mols. phosphorus pentachloride for an hour or two to 100°. The 
product is successively treated with boiling water, a warm solution of sodium carbon- 
ate, and boiling alcohol. On dissolving the residue in hot toluene, and adding alcohol, 
the chloride crystallises out, and may he purified by repeating this operation. It 
forms colourless prisms melting at 252°, and dissolving readily in hot benzene, toluene, 
and chloroform, sparingly in alcohol, ether, acetic acid and chloroform.- It is not 
changed by aqueous or alcoholic potash, while on fusing it with potash it is completely 
destroyed ; but on heating it with slaked lime and a little water to 230° for some 
hours, it is again converted into fluorescein. Cold concentrated sulphuric acid dis- 
solves it without alteration, hut on boiling the solution, decomposition takes place, 
and on adding water, dark red flakes are precipitated, which dissolve in ether with a 
wine-red colour. 

"When the chloride is heated with an excess of fuming hydriodic acid to 150° for 
5 or 6 hours, the iodide is formed, crystallising from alcohol, ether, and 

acetic acid in small, rhombohedral plates, melting at 229°“230°. It dissolves in 
dilute, but not in concentrated, alkalis. 

Fhim'escein-derivatives formed by replacemmt of Hydrogen in the Beoizene^nuclei. 

Binitro-flxitorescein^ is obtained, hut not quite pui’e, by dis- 

solving fluorescein in 20 pts. of sulphuric acid and adding to the solution at 0° 2 pts. 
of fuming nitric acid. It is an amorphous yellow powder, dissolving in potash with 
a brown colour, which on heating changes to red and blue. On heating it with acetic 
anhydride, the compound C-^HXNO-J-OXOCOGH^)- is formed, crystallising from 
alcohol in pale yellow needles. The same compound is formed by acting with nitric 
acid on a solution of acetylfluorescein in sulphuric acid, but not by dissolving it in 
cold nitric acid, while, on heating, tetranitrofluorescein is formed. 
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Wlien dinitrofiuorescem, or, better, its acetjl-compouDd, is boiled for five mimites 
with twenty times its weight of a ley containing 15 per cent, of alhali, the liquid 
changes to red and then bine. Acids produce a yellow precipitate, crystallising from 
ether-alcohol in glistening red crystals, consisting of This compound 

dissolves in alkalis with a blue colour, which on dilution first changes into violet and 
then again into blue. In its absorption-spectrum the yellow is completely cut off, 
and it shows a faint band between the blue and the green. The potassium salt of 
this dinitro-fltcorescem hydrate appears to be formed by acting with alcoholic potash 
on dinitro-finorescein, a blue ciystalLme body separating out, which is soluble in water. 

Hydrochloric acid and tin reduce dinitro-fluoreseein in alcoholic solution, 
diamido-fluorescein being probably formed. Its hydrochloride crystallises in greenish- 
grey needles, and dissolves in alkalis with a cherry-red colour. With nitrous acid it 
yields a body crystallising in yellow needles, and dissolving in alkalis with a light 
reddish-brown colour, and a strong dark green fiuorescenee. 

Tetramtro-jimresGmiy is formed by adding an excess of fuming 

nitric acid to about ^ grains of fluorescein ; a violent reaction soon sets in, and as 
soon as the whole is dissolved, the compound may be precipitated with water, 
washed with water and a little alcohol, and dissolved in 50 pts. of boiling glacial 
acetic acid. On cooling, it separates in colourless, warty crystals. It is sparingly 
soluble in alcohol, with a yellowish-red colour and a faint yellowish-green fluor- 
escence. The addition of a little mineral acid changes the eoionr into a pale reddish- 
violet, while on adding more, the liquid becomes colourless. In alkalis it dissolves 
with a yellowish-red colour, and in boiling water with a red colour. It dyes on wool 
an intense and fast orange. Dilute boiling alkalis do not change it, but concen- 
trated alkalis change the colour to brown, and then to a pale yellow. 

Tin and hydrochloric acid reduce tetranitroflnorescein to an amido-compound, 
dissolving in alkalis with a splendid bluish-violet colour. In ammonium sulphide it 
dissolves with a brownish-red colour, which changes to violet on heating. Acids 
produce a brown precipitate, crystallising from ether in brown needles, and dyeing on 
silk a dingy violet. 

Monohromofluorescein is formed by suspending fluorescein in 4 pts. of glacial 
acetic acid, and adding the required quantity of bromine mixed with 4 pts. of acetic 
acid. The compound is a yellowish-red amorphous body, which could not be obtained 
in crystals, and is changed by boiling acetic anhydride into a sticky mass. The 
alkaline solution has a reddish colour and faint green fluorescence. 

Dihromof lucres ce'in IS formed by using 2 mols. of bromine. It forms compact 
reddish-brown needles with a deep green reflex, melts at 260°-270®, and dis- 
solves sparingly in acetic acid, alcohol, and acetic ether. Its alkaline solution is 
reddish-yellow, and shows a faint yellowish-green fluorescence. On boiling, the liquid 
changes into violet and blue, and the fluorescence into a dark green. On boiling it 
with ^-cetic anhydride, the diacetyl-compound is formed, crystallising in colourless 
needles, which become red at 180°, and melt at 208°-210°. 

JDihromodinitrofluorescG'in, C“H®Br^(NO^)W, is formed by the action of 
nitric acid on dibromofluorescein or by that of bromine on dinitrofluoreseein ; also by 
dissolving 1 mol. of the tetranitro-componnd in boiling acetic acid and adding 2 mols. 
bromine. It crystallises in compact yellow needles, which are very slightly soluble 
in alcohol and acetic acid, and dissolve in alkalis with a yellowish colour, changing 
to pale pink on addition of water. It is not fluorescent, but gives an absorption- 
spectrum resembling that of eosin. Its acetyl-derivative forms colourless needles 
which become violet at 210° and melts at 250°. 

Tetrahromofluoresce'in, or Eosin, — This beautiful body, which 

is now manufactured on the large scale, and has been introduced into commerce by 
H. Caro as a dye-stuff, is formed by mixing fluorescein with 4 pts. of acetic acid, and 
adding the required quantity of bromine, which is diluted with four times its weight 
of acetic acid. It is also formed by adding bromine to a mixture of fluorescein and 
alcohol. It is purifi.ed by converting it into the pure potassium salt, and decomposing 
it by a mineral acid. An amorphous reddish-yellow precipitate is thus obtained, 
which is dried and dissolved in twenty times its weight of absolute alcohol, which is 
then distilled off until crystals begin to separate ; or the potassium salt is decomposed 
by dilute sulphuric acid, and the liquid shaken with ether. The amorphous eosin is 
much more freely soluble than the crystals ; the alcoholic solution is reddish-yeUow 
and not fluorescent ; it is hut sparingly soluble in acetic acid, and almost insoluble in 
water, chloroform, and benzene. The crystals obtained from alcohol consist of 
the alcohol being given off at 100°. If to a boiling alcoholic 
solution water is added until it becomes turbid, and then a little hydrochloric acid, the 
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liquid on boiling becomes clear again, and dull flesh-coloured crystals separate out, con- 
sisting of the pure compound. 

Eosin is a bibasic acid ; its salts are decomposed by mineral acids, but only im- 
perfectly by acetic acid. 

The ;potassimn salt, + gH-O, occurs in commerce as ‘ soluble eosin,’ 

and forms brown, indistinct, prismatic crystals, with a blue and yellowish-green 
reflection. To obtain it in well-defined crystals, 100 pts. are dissolved in 50 pts. of 
water, and after addition of 100 pts. of alcohol and filtering, the solution deposits on 
standing splendid large plates, which in transmitted light appear red, and show the 
above reflection. They form a red powder, and belong to the triclinic system, being 
combinations of oo P, oo ? oo, oo P oo. They contain 5 mols. of water. On dissolving 
them in dilute alcohol, small reddish-brown^ crystals with a greenish-yellow reflex 
crystallise on cooling; they appear to contain 1 mol. alcohol.^ When the aqueous 
solution is quickly dried, the salt separates as a varnish having a yellowish-green 
metallic lustre. It dissolves in 2 pts. of water. The concentrated solution is dark 
yellowish-red, and in a thin layer pale pink. A dilute solution iff yellowish-red, and 
exhibits a strong greenish-yellow fluorescence, which is also seen when the solution is 
very weak. Its absorption-spectrum has a broad dark band in the green. Its alcoholic 
solution exhibits similar colours, but a stronger fluorescence. The absorption-spectrum 
is destroyed by mineral acids, but not by acetic acid. A dilute aqueous solution con- 
taining 1 pt. in 150 gives the following reactions : 

It is not changed by magnesium sulphate. Calcium and barium chloride give 
crystals on quickly boiling down the liquid, while cadmium sulphate deposits crystals 
in twelve hours, and nickel sulphate after weeks. Mercuric chloride gives at once a 
crystalline precipitate, and on standing a mixture of red and yellow crystals. Bed 
amorphous precipitates are formed by salts of silver and load, and reddish-brown by 
copper salts, while alum, zinc sulphate, stannous chloride, cobalt, nitrate, ferric and 
ferrous chloride, manganese sulphate, and bismuth nitrate, give amorphous reddish- 
yellow precipitates. 

The ammooiiim salt, G2oH®Br'‘0®(NH‘*)®, is obtained in small red needles, when a 
solution of tetrabromofluorescein in alcoholic ammonia is concentrated ; they give oft 
some ammonia on drying. 

The hamm salt, C2®H^Br‘‘0®Ba -i- 2H20, is prepared by mixing a solution of 2 pts. 
of the potassium salt with a solution of 1 pt. of barium chloride in such proportion 
that 60 pts. of water are present. On boiling, crystals separate out, of which more 
are obtained on evaporating the mother-liquor after cooling ; they form small rhombic 
plates with a green reflex ; the aqueous solution is yellowish-rod, and shows a 
green fluorescence. 

The UMjpw C“‘’H®Br‘‘0'*Ca-{-JH“0, forms small yollowish-red needles, with a 
faint green lustre ; it is more freely soluble than the barium salt. 

The cadmiim salt is deposited from a dilute solution in very glistening, small six- 
sided plates, having a brilliant greenish-yellow lustre; at 100° it loses water and 
becomes green. 

The silver salt, C-^H^Br^O^Ag^. is a dark red precipitate, which is insoluble in salt- 
solutions, but dissolves in pure water and alcohol, and on heating it with the latter to 
150° and leaving the solution to cool, it crystallises in microscopic, indistinct prisms, 
which are almost black. The precipitated salt becomes green when dried in a vacuum. 

The lead salt, is obtained as a red precipitate, when the 

potassium salt is mixed with lead acetate, while the nitrate produces a similar pre- 
cipitate which is not quite pure, C=*®H®Br'‘O^Pb. 

Bed Monethyl-tetrahromofhtoresce’in or Erythrin, C-^H^^Br W | 

is formed when the potassium salt of eosin is heated at 14:0°-150° for four or five 
hours with 15 pts. of alcohol and a quantity of potassium ethyl- sulphate, which would 
be sufficient to form the neutral ether. On cooling, the tubes are found to contain 
a gelatinous mass mixed with large crystals, which, on adding water, remain uiidis- 
solved, while the unchanged potassium salt of eosin dissolves. The crystals, 
which consist of the potassium- compound of erythrin, are dissolved in alcohol of 
50 per cent., and the solution mixed with acetic acid. If it he concentrated, erythrin 
separates as an amorphous precipitate, hut from a dilute solution, it crystallises on 
evaporation in red needles with a beetle-green lustre. Erythrin is also" formed, but 
not so readily, by tho action of ethyl bromide on the potassium salt of eosin. 

Erythrin dissolves slowly but freely in alcohol, with a reddish-yellow coloui’, and 
more readily in chloroform and acetic acid. From the first two solvents it separates 
in warty crystals, but when its solution in a mixture of acetic acid and alcohol is 
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diluted witli water, distinct crystals are obtained. Erytbrin heated with sulphuric 
acid to 150° is converted into eosin. 

The 'pota^mim salt, 4- H“0, is very sparingly soluble in water 

and absolute alcohol, but readily in hot, dilute alcohol of 50 per cent. The concentrated 
solution is yellowish-red, the dilute solution, pale pink, with a yellowish-green 
fluorescence; its absorption-spectrum is almost the same as that of eosin. The 
salt, called in commerce ‘ insoluble eosin,’ dyes silk and wool like eosin, but t"e 
shades are more inclined to violet. The crystals appear to be rhombohedrons. 
They have .a strong beetle-green lustre, and yield a pink powder. Silver nitrate 
precipitates the solution ; the precipitate is amorphous, red in reflected light, and 
beautiful violet in transmitted light ; it becomes crystalline on heating or st nding, 
has a beetle-green lustre in the dry state, and appears deep blue in transmitted 
light. The lead salt is a similar precipitate. 

Colourless Mooiethyl-tetrahromofluorescetn. — This isomeride of erythrin 
is formed, together wjth the diethyl-compound, when the silver salt of eosin is heated 
with an excess of ethyl iodide or bromide, and twenty times its weight of alcohol at 
100° for three to four hours. To separate the two ethers, the product is repeatedly 
exhausted with boiling alcohol, in which the monethyl-ether is more readily soluble 
and crystallises on cooHng in yellow needles. As soon as the red crystals of the 
diethyl-ether appear, the treatment with alcohol is stopped, and the yellow crystals are 
boiled with a solution of potash in alcohol of 50 per cent., which dissolves chiefly the 
monethyl-compound. The solution is then mixed with more dilute alcohol and acetic 
acid, and the ether which separates out is again treated in the same way, and is thus 
obtained in colourless needles. It is sparingly soluble in boiling alcohol, and a little 
more freely in glacial acetic acid ; its very pale solution is coloured light yellow by 
alkalis, aud gives yellowish-white precipitates with silver nitrate and lead acetate. 
It dissolves hut sparingly in carbonates and dilute alkalis. The existence of ^ two 
isomeric monethyl-compounds shows that the two hydroxyls occupy different positions. 

Biethyl-tetrahromofluorescein, C-®H®Br^O®(C-H5)2 is obtained not only as 
described above, but also by heating the silver salt of the red monethyl-ether with 
ethyl iodide. To isolate it from the residue from the preparation of the white mon- 
ethylic ether, this residue is exhausted with chloroform, and the crystals, after boiling 
with dilute alcoholic potash, are recrystallised from chloroform. It forms small but 
well-defined crystals, which appear to be rhombohedrons, and dissolve very sparingly 
in alcohol and ether, with a yellowish colour, and freely in chloroform and glacial 
acetic acid, with a reddish-yeUow colour. Aqueous alkalis do not decompose it on 
boiling, but alcoholic potash, as well as hot sulphuric acid, converts it into eosin. 

Monomethyl-tetrahro mo fluorescein, ov Methyl erythrin, 
C^®H’Br^O^(CH^), is sparingly soluble in alcohol, more fteely in chloroform, and crys- 
tallises in red needles, having a beetle-green lustre. 

Acetyl-tetrahr omofhtorescein is formed by heating eosin with three times 
its weight of acetic anhydride to 140°. It forms colourless needles dissolving sparingly 
in alcohol, acetone, wood-spirit, and acetic ether, and more freely in hot benzene and 
chloroform. On heating, it becomes red at 180°, but melts only at 278°. 

Tetrahromo fluorescein chloride, C“®E!®Br^O^Cl-, is obtained by heating 
tetrabromofluoresce'in with phosphorus pentachloride for an hour at 100°. The pro- 
duct, after being well boiled with water and a dilute alkali, is dissolved in seventy 
times its weight of concentrated sulphuric acid at 150°, filtered through asbestos, and 
then mixed with 3 vols. of alcohol. The liquid is then heated to the boiling point, 
and water added, until crystals begin to separate out. It forms colourless needles, 
which melt and sublime without decomposition ; its only solvent is concentrated 
sulphuric acid, which decomposes it only at the boiling point. 

When tetrabromofluorescein is heated with concentrated potash on a water-bath, 
the liquid soon assumes a blue colour, and shows, when diluted, a very strong, dark- 
green fluorescence. The dilute solution turns red in contact with the air, but the 
concentrated solution remains bine. Mineral acids produce a pale reddish-yellow 
precipitate of the hydrate + H-0, which has undoubtedly a constitution 

analogous to that of the dinitro-compound. W'hen the solution is heated on a water- 
bath, the blue colour changes to dark yellow, more quickly if the potassium salt 
is heated with twenty times its weight of soda of 50 per cent. Mineral acids preci- 
pitate the solution. 

Dihromomonoresorcinol-'phthalein, , crystallises in 

small, colourless, rhombic plates, which melt at 23 8°-220°. It is almost insoluble in 
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•water, and dissolves in alkalis and alcohol with a yellow colour. On fusing it with 
resorcinol, dibromofluoreseein seems to he formed, and -when it is heated with phenol 
and sulphuric acid at 120^^, a body is formed, dissolving in alkalis with a red colour. 

The acid liquid from which the preceding compound has been precipitated contains 
dihrmiioresorcinol, C®H‘‘^Br-(OH)^ which is shaken out with ether. It crystallises from 
warm water in colourless needles, melting at 92°-93° ; the iiqueous solution gives, 
with ferric chloride, first a violet colour, which soon changes into an indistinct dirty 
green. 

Water and sodium-amalgam, or zinc-dust and soda, reduce tetrabromofiuorescein 
to fluorescein, and when the tetrabromo-compound is boiled for five minutes with 
twenty times its weight of concentrated sulphuric acid, lie^tahromomrulin, 
is formed, which, by adding water, is precipitated as a dark violet mass, and during 
washing, begins to dissolve with a blue colour. On dissolving it in dilute potash, 
and adding alcoholic potash, a dark-blue precipitate of the potassinm-salt is obtained, 
which yields, with acids, the pure coernlein, readily soluble in acetone, from which it 
crystallises in steel-blue needles. The absorption-spectrum o# the dilute solution 
shows a faint broad band in the green, and the dilute alkaline solution, which has a 
greenish-blue colour, gives an absorption-band in the red. 

Qiilnol-plithalein, Hydroguinone-pMhalein. — This compound, iso- 

meric with fluorescein, and therefore, properly speaking, the anhydride of quinol- 
phthalein, was discovered by Grimm {Ber. vi. 506), who obtained it, together 

with quinizarin, by heating a mixture of quinol and phthalic anhydride with strong 
sulphuric acid. According to Ekstrand, however {iUd. xi. 713), it is better to use 
zinc-chloride as the dehydrating agent, the yield of the phthalein being then 70 per 
cent, of the quinol used, whereas with sulphuric acid it is only 25 per cent. The best 
proportions are 2 mols. quinol, 1 mol. phthalic anhydride, and a quantity of zinc 
chloride equal to thirteen times the weight of the mixture, the whole being heated at 
120°-130° for twelve to fourteen hours: 

2C«H«02 + 2H20 -f- C2'>H'20^ 

The product is boiled with water to remove the stannic chloride, luuilLered quinol, 
and phthalic anhydride ; it is at first viscid, but ultimately becomes crystalline. To 
purify it, the crystalline residue is dissolved in alcohol, and boiled for a long time 
with animal charcoal, the filtrate, which is cloudy at first, gradually solidifying to a 
felted mass of needles. Pure quinol-phthalein is colourless, and molts at 226°--227° 
(uncorr.) (Ekstrand) ; at 233®-234° (Grimm). It dissolves but slightly in hot water, 
and separates on cooling in small tabular crystals ; easily in wood-spirit, alcohol, 
acetic acid, and acetone ; also in ether, from which it separates in long needles on 
evaporation. It is but sparingly soluble in chloroform or benzene even when hot, and 
not at all in light petroleum. The needles which separate from the alcoholic solution 
contain 1 mol. alcohol ; if, however, the alcoholic solution is diluted with much water, 
needles are precipitated, which on boiling are converted into thin plates containing 
1 mol. of water instead of alcohol. From the ease with which the alcohol and water 
replace one another, it is probable that the latter is present as w'ater of crystallisation, 
and does not go to the formation of hydroxyl-groups so as to produce a tetrahydroxyl- 
compound ; and that this is confirmed by the fact that this water is easily driven ofF 
below 160°, and that the hydrated and dehydrated products are perfectly similar in 
their properties ; moreover, it has not been found possible to obtain a triacetyl- 
derivative of this body. ^ A solution of quinol-phthalein mixed with an alkali acquires 
a deep violet colour, which becomes brown and muddy on standing. In sulphuric or 
hydrochloric acid, quinol-phthalein dissolves to a red liquid, and the latter acid gives 
a crystalline compound, corresponding probably with the hydrochloride of orcin- 
phthalein, but it has not yet been investigated. 

Biaoetyl-quinolyhthalein, C2»H^®(C2H®0)20®, obtained by beating the phthalein 
with acetic anhydride for two or three hours, forms colourless crystals melting at 
210 °. 

Bromo-compounds, — ^When a solution of the phthalein in alcohol or acetic acid is 
acted on by bromine, the mixture left at rest, and then diluted with water, a yellow 
flocculent precipitate is obtained, soluble in dilute alcohol, but it has not yet been 
obtained in crystalline form. 

Bentahromo-qimioPyhthalew, is obtained as a yellow crystalline pre- 

cipitate when an excess of bromine is added to an acetic acid solution of the phthalein, 
and the mixture boiled for a long time. The pure compound is a colourless crystalline 
powder (m.^p. over 300°), insoluble in acetic acid, but easily soluble in nitrobenzene , 
from which it separates in small tables. It gives a colourless solution with alkalis. 
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Qmnol^hthalin, is obtained when the phthalein is heated for four 

hours with zinc-dust and soda-solution. It crystallises fcom benzene in large colourless 
tables (m. p. 202° uncorr.), containing 1 mol. benzene; dissolves to a colourless 
solution in alkalis, and to a red liquid in sulphuric acid, the solution when diluted 
with water giving an olive-green fiocculent precipitate ofquinol-phthalidin, which 
dissolves in ether with a green fluorescence ; the ethereal solution, however, soon 
oxidises, with production of a dark violet powder. Quinol-phthalin does not 
combine with hydrochloric acid. 

Biacetyl-quinol-pMhaUn^ is obtained by boiling the phthalin for 

two hours with an excess of acetic anhydride. It crystallises in colourless prisms 
(m. p. 190° uncorr.), and dissolves in wood-spirit much more easily than diacetyl- 
phthalein. At first it is not acted on by alkalis, but gives a violet coloration on 
gentle warming. 


Orcinol-plithalein, or rather its .ajiliydridef 

u n u - ^ <vCO.C®H2(OB:s)(OH)/^ 


(E. Eischer, Ber. vii. 1214 ; Liebig's Annalen, clxxxiii. 63). This compound is prepared 
by heating 3 pts. phthalic anhydride, 5 pts. distilled orcinol, and 5 pts. strong sul- 
phuric acid at 1 35° for about two hours. At this temperature, the reaction goes on 
smoothly and without evolution of sulphur dioxide, whereas at lower temperatures 
that gas is given off in considerable quantity. By dissolving the melt in dilute 
potash-ley, boiling the solution, precipitating with acetic acid, and recrystallising the 
precipitate from acetone, the compound is obtained in colourless needles mostly- 
united in forked groups. It is insoluble in water, ether, benzene, and toluene, but 
dissolves readily in alcohol, wood-spirit, acetone, and hot glacial acetic acid, and is 
precipitated from the last-mentioned solution by water in white flocks. Alkalis dis- 
solve it with dark red colour. It is decomposed by heat. On boiling it with strong 
sulphuric acid and mixing the resulting solution with water, dark brown flocks are 
thrown down, consisting of a body which dissolves in ammonia with dark brown 
colour, and is precipitated by baryta in the form of a black lake. 

Monacetyl-orcinol-pMkal£n is obtained by prolonged boiling of tbe phthalein with 
glacial acetic acid. The diaoetyl-derimtive^ C*'H^'*(C“H'*0)'0^ formed by treating the 
phthalein with 3 or 4 pts. of acetic anhydride, crystallises from alcohol in white 
slender needles, melting at 2i9°-220°, insoluble in water, ether, and benzene, sparingly 
soluble in alcohol and wood- spirit, more freely in acetone ; easily resolved into its con- 
stituents by alkalis and concentrated acids. 

Orcinol-phthalein unites with mmeraX acids, forming dark-red unstable compounds, 
among which the hydrochloride^ is most readily obtained pure, and 

separates from an alcoholic solution of the phthalein mixed with strong hydrochloric 
acid in dark red flocks, which give off their hydrochloric acid on exposure to the air, 
even at ordinary temperatures, and more quickly when heated or boiled with water. 

When bromine is added to a solution of the phthalein in boiling acetic acid, the 
tetrahro7no-comgoxmd is formed, while in a cold alcoholic solution the ^entahrmno^ 
compound is produced. Both these compounds are pale yellow powders, nearly 
insoluble in all solvents. 


Orcinol’- phthalin, is formed by the action of zinc-dust on a solution 

of the phthalein in dilute soda-ley, the red liquid becoming colourless and yielding, 
on addition of sulphuric acid, white flakes of the phthalin, which when heated in the 
air are reoxidised to the phthalein. Its diacetyl-compound, C-’^H^®(C“H®0)^0®, formed 
by heating it with acetic anhydride, is much more stable, and crystallises from 
benzene in cubes melting at 211°. 

BITES. F. Eeverdin {Monii, scient [3], vii. 860) has obtained 
a yellow dye-stuff, called chrysolin, by the action of sulphuric acid on a mixture of 
phthalic acid and benzyl-resorcinol (formed by the action of hen 2 yl chloride on 
resorcinol, q. v.), or by first heating 460 grams of sulphuric acid and 1 kilo, of phthalic 
acid in a retort placed in an oil-bath at 130°-140°, whereby phthalic anhydride is 
produced, then adding 1 kilo, of resorcinol, 460 grams of sulphuric acid, and 1 kilo, 
of benzyl chloride, and heating the whole gently over a water-hath. When no more 
hydrochloric acid is evolved, the reaction is completed by heating for twelve hours in 
the oil-bath at 135°-145°. The whole is then left to cool, and the solid mass is 
broken up and dissolved in dilute caustic soda at the boiling point. When the residue 
no longer diminishes, the solution is filtered, and the acid colouring matter is precipitated 
by means of hydrochloric acid, washed with cold water, dissolved in a quantity of 
sodium carbonate sufficient to saturate the acid, and evaporated to dryness. The 
sodium salt of benzylated fluorescein constitutes chrysolin. This substance forms a 
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mass with green metallic reflex, and yields a red-brown powder. It is soluble in 
water and alkalis, the solutions being precipitated by acids in yellow flocks. It yields 
bromated, iodated, and nitro-derivatives, which are all fine colouring matters. It 
may be i:ed directly upon silk and wool. The latter takes the dye better when 
mordanted with lead acetate and alum. Cotton is mordanted with sulphate of alumina 
and dyed at a hand-heat. The shade of chrysolin approaches that of turmeric ; it 
resists the action of light well. Similar colouring matters are produced by the action 
of the chlorides of fatty hydrocarbons on resorcinol. Methyl-resorcinol prepared by 
heating sodium resorcinate in alcoholic solution with methyl chloride under pressure 
likewise yields a yellow dye-stuflf when treated as above. 

Bouchardt a. G-irard {Monit. scient, [3], vii. 985) have also obtained colouring 
matters by the introduction of alcohol-residues into resorcinol and the phthaleins.- 
For this purpose, phenols and diphenols are heated to 120°-150° with diatomic acids, 
e.^. oxalic, lactic, camphoric, phthalic acids, &c. ; the products are subjected to the 
action of solutions of alkaline hypochlorites or hypobromites^ and the resulting 
colouring matters are precipitated from the alkaline solutions by acids. Thus when 
fluorescein, produced by heating a mixture of 1*4 kg. resorcinol with 1 kg. phthalic 
anhydride to 200°, is dissolved in a small quantity of soda-ley, and gradually mixed 
with 56 litres (per 1 kg. fluorescein) of a solution of sodium hypochlorite (sp. gr. T4), 
a colouring matter, called ‘ Aureosin,’ is obtained, which, when separated by an acid, 
exhibits a greenish-yellow dichroism in reflected light and a red colour in transmitted 
light. Silk dyed with it fluoresces like the solution. This aureosin, treated at boiling 
heat with nitric acid diluted with 2 vols. water, is converted into another dye-stuff, 
called ‘ Eubeosin,’ which dissolves in alkaline liquids with deep red colour, and dyes 
silk scarlet. If alkdline hypobromites are used instead of hypochlorites, the resulting 
colouring matters exhibit a somewhat more yellowish tint. Similar dye-stuffs are 
obtained by the action of sodium or potassium acetate in presence of acetic acid upon 
eosin, the reaction being completed, at 200°-250°, within three or foiir hours. The 
product analogous to aureosin is converted by oxidation into a boily analogous to 
rubeosin, Phthalins may also be oxidised by hypochlorites or hypobromites in 
presence of cobalt-salts, and the process stopped at any required point. The bodies 
obtained by the action of alcoholic bromides and iodides on aureosin and rubeosin are 
likewise dye-stuffs. Lastly, products resembling aureosin are formed by oxidising 
fluorescein with mixtures of bromates or chlorates with hydrochloric or hydrobromic 
acid respectively. 

PHTHA1.1C ACIBS, (1). OiiTHorHTHALic, or simply 

Phthalic acid [1 : 2], is formed by oxidation of orthotoluic acid with potassium 
permanganate (Weith, £er. vii. 1057) : 

C‘^H‘‘(Cff)C02H + 2KMnO^ = 2MnO'-^ -H 2F^O -i- C«H‘(G02K:)2. 

Synthetically it may be formed by combination of carbon monoxide wdth salicylic 
acid and with resorcinol. From saUeyliG acid it is produced by heating that substance 
with a mixture of sulphuric acid and potassium ferrocyanide, and when the reaction is 
ended, treating the resulting mass with ether, which extracts the phthalic acid, or by 
heating a mixture of sulphuric acid and formic acid with salicylic acid until gas is no 
longer disengaged. The mass is exhausted with ether, which on evaporation yields 
perfectly pure phthalic acid. Resorcinol combines readily with carbon monoxide to 
form phthalic acid, but as an excess of resorcinol is always present, the phthalic acid 
unites with it and forms fluorescein. When salicylic acid or resorcinol is heated with 
oxalic acid and sulphuric acid, that is to say, with a mixture yielding carbon dioxide 
and monoxide simultaneously, neither phthalic acid nor fluorescein is formed ; but 
when salicylic acid or resorcinol is heated with a mixture of oxalic acid and glycerol, 
that is, with a mixture yielding carbon dioxide in the first phase of the operation and 
carbon monoxide in the second, carbon dioxide is disengaged freely, and phthalic acid 
or fluorescein appears as soon as the mixture yields carbon monoxide (A. Guyard, 
Bull, JSoc. Chim. [2], xxix. 217). 

Breyamtion from Naphthalene . — The following modification of Depouilly’s process 
for obtaining phthalic acid by the action of potassium chlorate and hydrochloric acid 
on naphthalene (Corn;???, rend. Ivi. 82; Jahresh.f. 1865, 399) is recommended 

by C. Haussermann {Dingl. pol. J. ccxxiii. 310). A mixture of 1 pt. naphthalene and 
2 pts. potassium chlorate is added by successive small portions to a five-fold quantity 
of ordinary hydrochloric acid ; the product is well washed with lukew^arm water, then 
dried, and digested at a gentle heat with petroleuni-benzin ; and the resulting mass, con- 
sisting chiefly of naphthalene tetrachloride, is heated with five or six times the quantity 
of nitric acid of specific gravity not exceeding 1-35, till the liquid is perfectly homo- 
geneous. On expelling the excess of acid, and leaving the liquid to cool, phthalic 
acid crystallises out in quantity equivalent to 30 per cent, of phthalic anhydride. 
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Phthalic aeid is also formed from nitmut/phthd (m. p. 128°) by repeated treat- 
ment with nitrie acid and evaporation (Liebermann, Ser. viii. 689), 

Phenyl PMMate, 0'H»(COOC«ff)=, is prepared by heating phthalie chloride with 
tne calculated quantity of phenol as long as hydrochloric acid continues to he eyolved, 
and crystallising the product from hot alcohol. It forms groups of small colourless 
prisms, melts at 60°, and'distUs without alteration. Nitric acid attacks it violently, 
forming dinitrophenol and nitrophthalic acid. A hot alcoholic solution of 
the ether treated with potassium hydrosulphide yields the potassium salt of thio- 
phthalie acid together with phenol : 

0'HX000C«ff)° + 2ESH = C«H<(C0SE:)° + 2C“ffOH 
(J. Schreder, Ber. yii. 704). 

Phthalie Anhydride, CsH<0= = is produced by the action of 

acetic anhydride or acetyl chloride on phthalie acid : 

O'HKcOOH + cmc0>0 = + 2(CH»C00H) 

and + Cff.COCl = C»H*<®g>0 + OT.COOH + HCL 

It melts at 127®. The anhydrides of succinic, diphenie, and other bihasic acids may 
be prepared by similar reactions (Anschiitz, Ber, x. 1881). 

Phthalie anhydride heated with phenols in presence of dehydrating agents (sul- 
phuric acid, zinc chloride, &c.), produces phthaleins (pp. 1603-1613). On gently heat- 
ing it with ordinary phenol and sulphuric acid, the hquid assumes a yellowish- red colour, 
and phenol-pht haiein, is formed, which, on further addition of sulphuric 

acid, is converted, without change of colour, into phenol-phthalein-snlphonie 
acid. On increasing the heat, the yellow-red colour changes to dark red and ulti- 
mately to brown-yellow, and the liquid, on addition of water, deposits flocks of 
monoxyanthraquinone, C^^HsO^ (p. 99). The formation of this latter body is 
not essentially dependent on the previous formation of phenol-phthalein, but may 
take place directly from phenol. A similar result is obtained when the phenol is 
replaced by phenolsulphonic acid, phenoldisulphonic acid, oxysulphobenzide, anisoil, 
anisic acid, or salicylic acid : 

= C02 + H-0 + 

Salicylic or Phthalie Hydrosyanthra- 

Paraorybenzoic anhydride. quinone. 

acid. 

(Baeyer a. Oaro, Ber, vii. 968). 

Phthalie anhydride, heated with acetic and propionic anhydrides in presence of the 
sodium salts of the respective acids, yields phthalyl-acetic and phthalyl-pro- 
pionic acids respectively (pp. 1621, 1622). Heated ' phenylacetie {p-toluic) 

acid, it yields benzylidene-diphthalyl (p. 1621) : 

C«H4(C0)20 + CemOH^-.COOH = C«HXCO)^.CH.C®H5 + CO^ + H^O. 

When phthalie anhydride is heated with sticcinic acid and sodium acetate, the 
mixture being kept in a state of fusion as long as it continues to give off carbon 
dioxide, a residue is obtained which, after crystallisation from nitrobenzene, consists 
of ethineorthophenylene-diketone or ethine-diphthalyl : 

C»H<«0>CH-CH<gg>C»H^ 

This compound crystallises in yellow needles, melting above 350°. When boiled with 
dilute potash-ley, it dissolves slowly, and the solution yields with hydrochloric acid 
precipitate of ph enylene-ethylene-ketone carboxylic acid (p. 1561) : 

formed from ethine-diphthalyl by assumption of 2 mols. water. 

When ethine-diphthalyl dissolved in acetic acid is heated with bromine at 100° in 
a sealed tube, two atoms of hydrogen are replaced by bromine and a molecule of water 
is taken up, producing the compound 

CH.G202.CeH^ 

which is decomposed by heating with alkalis (Grabriel a. Michael, Ber. x. 1559). 
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(2) . Meta- or IsopHTHAtic acid, [CO^ : CO^H-l : S], is produced: a. Together 

with metabromobenzoic acid, by the action of ethyl-cnlorocarbonate and sodium- 
amalgam on metadibromobenzene (Wurster, p. 163). /8. By fusing potassium benzoate 
with potassium formate (Meyer, p. 259). y. By heating the nitril of disulphobenzoic 
acid, or that of benzeneaisulplionic acid [1:3] with 

alcoholic potash (p. 251). 5. By oxidation of meta-toluic acid (Weith a. Landolt, 
JBer. viii. 715). «. By prolonged boiling with nitric acid of the products obtained by 
the action of hydrochloric acid on resorcinol (Barth a. Weidel, Ber, x. 1464). By 
oxidation of colophony with nitric acid (Schreder, An7i. clxxii. 93). 

Bh&ivyl IsQ]^hthalate crystallises in long slender needles melting at 120° (Schreder, 
Bcr. yii. 704). 

(3) . Pauaphthalic or Tbbephthalic acid [1 : 4] is formed : a. By heating 
sodium parasulphobenzoate with sodium formate, and, together with isophthalic acid, 
by heating sodium benzoate to the point of carbonisation (p. 260). i8. By heating the 
nitril of benzeneparadisulphonie acid with alcoholic potash (p. 250). y. Together 
with terebic acid, by oxidation of turpentine-oil with nitric acid 6f sp. gr. 1*4, diluted 
with 2 vols. water (Schreder, Ber. vii. 794). This is the process by which terephthalic 
acid was first obtained (v. 725). W. C. Williams, however {Ber, vi. 1094), by oxi- 
dising turpentine-oil with nitric acid of sp. gr. 1*25, obtained only terebic acid with- 
out a trace of terephthalic acid. 5. Together with paratoluic acid, by the action of 
nitric acid on the portion of Eucalyptus oil boiling between 172° and 175° (Homey er, 
Arch. Bharm. [3], v. 326). e. By oxidation of curcumin with chromic acid mixture 
(Gajevsky, Ber. vi. 196). 

Ethers. Propy? C®H‘‘.(CO*C®H0“, obtained by heating silver tere- 

phthalate mixed with two or three times its weight of sand, with propyl iodide, 
crystallises in white needles an inch long, dissolves easily in hot alcohol and in ether, 
and melts at 31°. Bseudop'crpyl terephthalate^ prepared in like manner, crystallises 
in shining white laminae, melting at 55°-56^ and exhibiting the sarao relations of 
solubility as the normal propyl-ether. Isohutyl tere^hthalate, C"H‘’(CO“.C‘H”)‘'^, is 
best prepared from terephthalyl chloride and isobutyl alcohol, and crystallises in 
dazzling white needles having a fatty lustre, melting at 52*5°, easily soluble in ether. 
The normal butyl ether has not been obtained in crystalline form (J. Btjrger, Ber. x. 
1742). Phenylterephthalatej hy heating terephthalyl chloride with phenol, 

forms long slender needles melting at 120° (Schreder, ibid. vh. 704). 

Eomoterejphthalie acid, is formed, togotlior 

vith propyl-benzoic acid, by oxidation of propyl-bonzcne (g.u.) with dilute nitric acid. 
It is a faintly yellowish powder, which sublimes without fusing, is nearly insoluble 
in all solvents, and forms a silver salt, C^H^O^Ag^, and a barkm salty C®H'’0'*Ba 
-f (Paternb a. Spiea, Gazz. chim. ital. 1877, 361). 

Hydroxyplithalic Acids, C‘'H®(OH)(OOOH)-, syn. with Phenol-dicarboxtlic 
ACIDS (pp. 1531-1534). 

iffitrophthalic Acids, C<‘H^(NO-)(COOH)‘^. The prismatic nitrophthalic acid, 
melting at 212°, which Paust obtained by digesting o-phthalic acid with a mixture of 
nitric and sulphuric acids (vii, 978), is also formed, together with the corresponding 
aldehyde (m. p. 135°), by oxidising nitronaphthalone in acetic acid solution with 
chromic acid. ^ It is decomposed by hydrobromic acid, with formation of carbon 
dioxide and di- and tri-bromobenzoie acids. Hydriodic acid converts it into met- 
amidobenzoic acid (Beilstein a. Jvurbatow, Bcr. xii. 688). 

According to Faust, this acid is reduced by tin and hydrochloric acid tometamido- 
benzoic acid, with evolution of carbon dioxide. According to 0. Miller, on tbe other 
hand {Ber. xi. 1191), the reduction is not attended with evolution of carbon dioxide, 
but yields a tin-salt, C«H»(NH2)(COOH)2.H01.SnCF + 2H20, which separates in nearly 
colourless needles, crystallises from aqueous solution in light brown rhombic plates 
and needles, but from dilute hydrochloric acid in crystals of the original form and 
colour. The formation of the hydrochloride of metamidobenzoic acid takes place only 
when the solution, after being freed from tin by hydrogen sulphide, is concentrated by 
evaporation. 

Amido'phthalic acid.— The ethylic ether of this acid is prepared by mixing a solu- 
tion of ethyl nitrophthalate (obtained by the action of hydrochloric acid on a hot 
solution of the nitronaphthalic acid above described) in 2 vols. of alcohol, with 10 
yols. of hydrochloric acid, of sp. gr. 1‘09 ; the mixture being kept cool by means of 
ice, and zinc-dust added gradually, till the oily drops disappear and a distinct evolution 
of gas takes place. The liquid is then diluted with water and nearly neutralised with 
sodium carbonate, and sodium acetate is added, whereupon ethyl amidophthalate 
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crystallises out. This product ciystallises from ether iu large, colourless, monoclimc 
prisms, agreeing in composition with the formula C®B’®(!NH^)(COOC®H®)-. It dissolves 
in hydrochloric acid without alteration, and is precipitated &om the solution hy alkalis 
or hy sodium acetate (W. Konigs, Ber. x. 124). 

IsonitrophtkaliG acid (m, p, 160°) (0. Miller, Ber, xi. 393, 992, 1191). — This 
acid is formed, together with the preceding nitro-acid, hy heating phthalic acid on 
the water-hath with a mixture of nitric and sulphuric acids. The two nitro-acids 
are produced in nearly equal quantities, and after they have been precipitated hy 
water, the filtered liquid is found to contain picric and acetic acids, with a very smafl. 
quantity of formic acid. The ordinary prismatic nitro-acid is easily separated hy 
repeatedly crystallising the crude nitro-product from water ; hut the isonitrophthalie 
acid, which is more soluble, crystallises in needles, and forms a compound with picric 
acid, is more difficult to separate. The separation may, however, he effected by 
picking out the needle-shaped crystals, converting them into the sparingly soluble 
barium salt, and decomposing this salt with hy<&ochloric acid. The isonitro-acid 
thus obtained forms pale yellow slender needles very easily soluble in water, alcohol, 
and ether, insoluble in benzene ; it melts at 160°; and is resolved at 165° into water 
and the anhydride. 

The barium salt^ C®H®(N02)(C02)2JBa-i- 2BL^O, is a light yellow precipitate made 
up of microscopic laminae. The silver salt, C®H®(N02)(00®Ag)^, is thrown down by 
silver nitrate from a solution of the acid neutralised with ammonia, as a whitish 
precipitate, sparingly soluble in pure water, but very soluble in ammoniacal water, 
and separating from this solution in long colourless needles. 

Normal Ethyl Isonitroyhthalate, C®H®(N02)(C0-C^H^)2, is formed, together with 
very small quantities of the acid ether, on saturating the alcoholic solution of the 
acid with hydrochloric acid. It is liquid at first, but afterwards solidifies to a crys- 
talline mass which melts at 32°. By reduction, it yields ethyl isoamidoyhthalate, 
C®H®(NH2)(002C2B[^)^ which crystallises from alcohol in short prisms of considerable 
size. 

When isonitrophthalie acid is reduced by tin and hydrochloric acid, the resulting 
tin-salt does not separate out like that which is obtained from the prismatic nitro-acid ; 
ultimately, however, metamidobenzoic acid is formed in this as in the former case. 

Thiophtlialic Acid, [1 • 2] (Schreder, Ber, vii. 704). The 

potassium salt of this acid is obtained by dissolving potassium sulphydrate (2 mols.) 
in a hot alcoholic solution of 1 mol. phenyl phthalate (p. 1614), whereupon the liquid 
turns red. After the reaction has continued for a quarter of an hour, ether is added, 
which precipitates part of the resulting potas.sium thiophthalate in the form of a red 
oil. The greater part of the colourless liquid decanted therefrom is distilled off; and 
the remainder is diluted with water — whereby phenol is precipitated — and after 
removal of the latter, acidulated with hydrochloric acid. The thiophthalic acid 
thereby separated in slender needles is purified by distillation, whereby a colourless 
oil is obtained which immediately solidifies ; the last traces of free sulphur, however, 
can be removed from it only by fusion with finely divided silver or with mercury. 
The substance thus purified crystallises from alcohol in long brittle needles having 

the composition of thiophthalic anhydride, C®H‘‘<^qq^S. Its formation is repre- 
sented by the following equations : 

C°H^(COOC°HS)2 + 2KSH = 2(C«H5.0H) + GsH4(COSK)2 
and C'H«(C0SE)2 + 2H01 = 2KC1 + ffS + 

Thio-isophthalio acid, [1 ; 3]. — The potassium salt of this acid is formed in like 
manner by the action of KHS on phenyl isophthalate, and is thrown down from the 
resulting solution by ether in yellow needles, which when decomposed by hydrochloric 
acid yield thio-isophthalic acid in the form of an oil (Schreder). 

Thioterephthalic acid, [1 : 4]. — The potassium salt, prepared in like manner, 
separates on addition of ether in the form of a red mud. The acid separated there- 
from forms after purification a white amorphous powder not volatile without decom- 
position (Schreder). 

PKTKAX.XC AliCOHOlk, C«H^(OH*OH)2 (Hessert, .ger. xii. 646). 

This alcohol, produced by the action of sodium-amalgam on phthalic chloride, is a 
crystalline body, soluble in water, alcohol, and ether, melting gradually at 66°-62°. 
It is oxidised by potassium permanganate to phthalic acid, by nitric acid to phthalide, 
and is distinguished fcom the latter compound, which it otherwise resembles, by the 

voL. vni. 5 m: 
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action of sulphuric acid, this reageut dissolTing it with a red colour, and rapidly 
conTerting it into resinous products. On reduction by boiling it with hydriodic acid 
and phosphorus, it yields orthoxylene. It acts readily on acetic and benzoic chlo« 
rides. The acetate, G^'H‘^(CH“.0C2H®0)2, is a crystalline body (rn. p. 37°) which may 
be distilled without decomposition, and is conrerted by the action of hydrochloric acid 
gas into the chloride C^'H^(CH2C1)^, which when heated with lead nitrate and water 
yields phthalide (p. 1618). 

FKTHiLXiZC AliDZSKirBXSS, CsH^CCOH)®. The compound hitherto 

regarded as orthophthalie aldehyde (vi. 943) appears from recent investigations by 

Hessert to liave the constitution of an anhydride, CO Phthalide 

(p. 1618). 

TerejpMhalic Aldehyde, G®H^(OOH)2 [1 : 4], is prepared by boiling tollylene 
chloride, 0®H®0P, with 20 pts. water and 1 pt. lead nitrate till nitrous acid is no 
longer given off, and distilling the mixture, the aldehyde then passing over, though 
not readily, with the vapour of water. When purified by crystallisation from boiling 
water, it forms white slender needles which melt at 1 14^-11 5°, dissolve with moderate 
facility in ether, very easily in alcohol, very slightly in cold water, and in about 
60 pts. of boiling water ; it dissolves also at 40°-'50® in 20-25 pts. of a saturated 
solution of acid sodium sulphite, but the resulting compound has not been obtained in 
the solid state. By oxidation with potassium diehromate and sulphuric acid, it yields 
terephthalic acid. By mixing its alcoholic solution with an alcoholic solution of 
potassium cyanide, it is converted into an amorphous yellowish substance which melts 
at 170°-174*^, is insoluble in water and in ether, somewhat soluble in boiling alcohol, 
soluble in alkalis but not in alkaline carbonates, and appears to bo a polymeride of ■ 
terephthalic aldehyde (Grimanx, rend. Ixxxiii. 825). 

The tollylene chloride obtained from coal-tar xylene is accompanied by a liquid 
chloride, which, when treated as above, yields needles melting at 88°, and probably 
consisting of isophthalio aldehyde (Grimaus). 

FHTHAliIC CKXiOKXBXSS, G^m.{GOCiy. Orthophthalie chloride acts upon 
dimethylaniline, producing dimothylaniline-phtbalein (p. 1310), and in like manner 
on other tertiary bases, e.y. on methyldiphenylamine (0. Fischer, JBcr. ix. 1753). 

Isophthalic chloride is obtained by heating isophthalic acid with phosphorus penta- 
chloride. The mixture liquefies, and on distilling it after the evolution of hydrochloric 
acid has ceased, the chloride is obtained as an oil which boils at 276°, and quickly 
solidifies. After rectification it is nearly inodorous and molts at 41°. 

Terephthalic chloride has a pungont, cinnamon-liko odour, molts at 78°, and boils 
at a temperature too high to he exactly determined (Schreder, Ber. vii. 704), 

PHTHAMBB, (Baeyer a. Hessert, Ber. x. 123; 

Hessert, ibid, x. 1445 ; xi. 637). This compound, hitherto regarded as orthophthalie 
aldehyde, C“H‘‘(GOH)“, is formed by the action of nascent hydrogen on phthalic 
chloride : 

C‘'H<coS + = 2HC1 + 

According to Hessert, it is best prepared by a modification of Kolbe a. Wischin’s 
process (vi. 943), namely by the action of zinc and hydrochloric acid on an ethereal 
aohetion of phthalic chloride. Metallic zinc is covered with a solution of phthalic 
chloride (8 to 10 grams) in ether (400 c.c.), and dilute hydrochloric acid is gradually 
added, the liquid being kept cool at the beginning ; afterwards, however, the action 
goes on more slowly, and stronger hydrochloric acid may be used. The solution of 
zinc chloride which forms must be removed from time to time, so that the zinc may 
always project into the ethereal liquid. After about twelve hours, the ethereal solution 
is distilled off ; the phthalide which remains is digested with water to remove un- 
decomposed chloride ; ammonium carbonate added in excess ; and the product again 
extracted with ether. On subsequently distilling off the ether, the phthalide remains 
as a mass which solidifies in the crystalline state, and may be purified by reerystal- 
lisation from water. 

Pure phthalide melts at 73°. When heated at 180°-200° with hydriodic add 
(b. p. 127°) and red phosphorus, it is completely resolved into a mixture of hydro- 
carbons boiling between 112° and 120°, and intermediate in composition between 
toluene and xylene. By potassium permanganate in alkaline solution it is easily 
oxidised to phthalic acid. _ When its warm aqueous solution is mixed with a concen- 
trated solution of acid sodium sulphite, the liquid solidifies after some time to a mass 
of long silky needles, which were supposed by Kolbe a. Wischin (vi. 493) to consist 
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of a componDd of phtiialic aldehyde -with the acid sodium sulphite. Hesserfc, however, 
finds that they do not contain a trace of this salt, hut consist of the pure compound 
which therefore appears to he incapable of imiting with acid sulphites of 
alkali-metal, and accordingly cannot he regarded as an aldehyde. On this account, 
and in accordance with the reactions about to be described, Hessert assigns to it the 
constitutional formula above given. 

Alkalis and alkaline carbonates^ at the boiling heat, convert phthalide into an acid, 
C®H®0 ® = C®jS'‘<^ 0 qq 2 , called benzene-ortho-alcoholic acid (originally 

called 'phihaldehydic acid), metamerie with hydroxytoluic acid, C‘‘H®(CH^)(0H)C02H, 
which separates from the cooled solution on aeidulation as a white powder. This 
acid is much less soluble in cold water than phthalide, but dissolves readily in alcohol 
and ether. It melts at 118^, giving off 1 mol. H.-0 and being reconverted into 
phthalide. The same change takes place on boiling it with water. It is a well- 
characterised monobasic acid, reddens litmus strongly, and dissolves with efferves- 
cence in alkaline caiJbonates. Its salts are all soluble in water ; those of the alkaline 
earths dissolve in the smallest quantities of water and alcohol, without however 
being deliquescent. The silver salt, prepared with recently precipitated silver oxide, 
crystallises from the aqueous solution in small octohedrons ; its solution decomposes 
when heated. The lead salt is decomposed by water. Aqueous ammonia gradually 
dissolves phthalide, producing ammonium henzene-o-alcoholate ; alcoholic and ethereal 
solutions of ammonia do not act upon phthalide, even at 220°. At 240°, however, the 
ethereal solution of ammonia gives rise to a new body which is nearly insoluble in 
water, alcohol, ether, and carbon sulphide, but dissolves in glacial acetic acid at boil- 
ing heat, and crystallises therefrom in slender needles which do not melt at 260°. 

Aniline acts on phthalide at a temperature above its boiling point, converting it 

into the compound The two substances are heated together 

in a sealed tube at 200°-220° for some hours; and the product is precipitated by 
dilute hydrochloric acid, washed with water, and crystallised from hot alcohol, from 
which it separates in silvery laminae melting at 160°. It is very sparingly soluble in 
boiling water, somewhat more freely in ether, easily in chloroform. It is decomposed 
by boiling with concentrated alkalis or acids. By oxidation it is converted into 

phthalidanil, C®H^<^QQ^ISr.C®H^ or phthalanilic acid. 

Sodium-amalgam converts phthalide in aqueous or alcoholic solution chiefly into 
hydropht halide, obtained as a viscid mass, very 

easily soluble in all solvents except water, gradually becoming solid when dried over 
sulphuric acid, and horny at a gentle heat. Potassium permanganate oxidises it to 
phthalic acid. Together with the hydrophthalide there is also formed a small quan- 
tity (about 10 per cent.) of a body having the composition which crystallisea 

from alcohol in fine white needles melting at 197°, soluble in w'ater and alcohol, 
sparingly in ether, insoluble in chloroform. By oxidation with potassium perman- 
ganate it yields phthalic acid and diphthalic acid, (vii. 980), whence it 

appears to consist of phthaly Ipinacone, 

Blpbenyl-pbtballde, compound, for- 

merly called 'phthalo^henone, was discovered by Friedel a. Kraffts {Bevue scientifique, 
2 Mars, 1878). who obtained it by heating phthalic chloride with benzene in presence 
of aluminium chloride, and represented its formation by the equation 

G®HXC0C1)2 + 20®H® = 2HG1 -f C®H4(OO.C®H®)2, 

analogous to that which expresses the formation of diphenyl ketone (benzophenone) 
from benzoyl chloride and benzene. But according to Baeyer {Ber. xii. 642), the 
aluminium chloride acts, not upon the chlorine, but on the oxygen-atom of one of 
the groups COCl, giving rise to its replacement by 2C®H®, the reaction taking place 
by two stages as follows : 

+ 2C'H« = ffO + 

and + H*0 = 2HC1 + C»H^<2?C0— 
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On the conversion of this compound into phenol-phthalexn, see Phthaieins 
( p. 1603). 

BenzyhpWhcilide, is formed by the action of 

sodium-amalgam on deoxybenzoin-carboxylic acid (p. 1620). It crystallises in long 
colourless needles, melts at 56°-57®, dissolves in alcohol, ether, and hot alkalis, but 
is insoluble in water (Michael a. G-abriel, Ber. xi. 1020). 


(PH3ESW01), CsoHi-'O*, and PHTHAZiZUlXOT, 

See PsTHALEiNS (pp. 1604, 1605). 

PaTHAI.IDXIDE, 0»H»NO==C«H<<^gQ^NH. This compound, originaUy 

obtained by heating phthalate or phthalamate of ammonium (iv. 632), is also pro- 
duced, together with carbon dioxide and ammonia, by fusing phthalic anhydride with 
urea, and, with evolution of phosgene gas, by the action of phthalie chloride on urea. 
It melts at 228°-229° (E. Biedermann, Ber. x. 1166). * 

Mhyl-^Uhalmide, C*“H®NO‘^=C®lI'*(CO)^N(C^H®), obtained by distilling phthalic 
anhydride with aqueous ethylamine, forms white needles melting at 78®-79°. 2H- 

hromethylrfUkalimide, obtained, together with the dibromo-derivative, by the action 
of bromine on ethyl-phthalimide, crystallises in truncated prisms, which melt with 
decomposition at 1 SB^-l 88°. It is insoluble in water, slightly soluble in hot alcohol, 
decomposed by hot aqueous potash into hydrogen bromide and a basic compound (A. 
Michael, Eer. x. 1644). 

Bhenyl-]3hthalio7iide, or B'hthalanil, Ci'‘H®N02=C«H^(00)2K(0‘'HO.— This 
body, obtained by melting phthalic acid with aniline, has been already described 
(iv. 632).^ It is also formed by limited oxidation of the compound 

^N(C®H®), produced by the action of aniline on phthalide (p, 1619), and is 

converted by further oxidation into phthalanilic acid, (iv. 628). 

Substituted Bhthalanils are obtained by melting phthalic anhydride in excevss with 
substituted anilines, as long as water continues to be given off, boiling the pulverised 
melt with water to remove the excess of phthalic acid, and recrystallising the product 
from an appropriate solvent. 

p-QUoro^henyl-fUhcdimUe, C®H4(C0)2N.C^H^C1, prepared from ;D-chloraniline and 
phthalic anhydride, crystallises from boiling alcohol in long slender silky needles, 
melting at 194°-195®, easily soluble in hot alcohol, benzene, and glacial acetic acid, 
less soluble in ether. 


p-Bromoph&iiylphthalmide, C®H‘‘(00)^]SrCoH^Br, from bromaniline (m. p. 65°). 
crystallises from an alcoholic solution in scales or needles, which melt at 203°. 
'p-Iodophenylphthalimide, prepared from ^j-iodaniline (m. p. 60°), forms noedle-shaped 
crystals melting at 227°, soluble in benzene and in glacial acetic acid. 

m-MtropJimylphthalimide, C®H'*(C0)2NC'5H4(N02), obtained from w-nitranilina 
(m. p. 110°) is deposited from boiling acetic acid in colourless needles meltinffat 242° 
(S. Gabriel, Ber. xi. 2260). 

M-‘jDiphthcdhnidod{bT07uodiphe')iyl, [C®II'*(CO)‘‘^N]“0*'“H‘^Br®, obtained in like manner 
from phthalic anhydride and dibromobenzidine, separates from boiling glacial acetic 
acid m groups of slender crystals, is nearly insoluble in alcohol, other, and benzene, 
and melts at 300°-301°. 


Biphthalimidodiphmyl, similarly prepared from benzidine, crystallises in yellow 
scales, very sparingly soluble, and melting at a. very high temperature (Gabriel). 

Ci5HiiN02==C«H^(COy^N(0«H^CH3), is obtained by 
msing together phthalic acid and paratoluidine in molecular proportions, and distill- 
mg the product. It crystallises from alcohol in needles, melts at 200°, is nearly 
insoluble in boiling water and in cold alcohol, but soluble in hot alcohol, and can be 
sublimed. On account of its sparing solubility it is but very slowly oxidised by 
potassium permangnaK^ the product consisting of kydroxypmalyl-pararnUohemJa 

a<M, ■ • , which is also nearly insoluble in water, melts with 

decomposition at 276°-277°, and is converted by heating with hydrochloric acid into 
paiamidobeiizoio acid (Michael, Ber. x. 576). 

PHTHAUmiDOBKig-ZOIC ACID, C«H«(CO)>!N.C»H*.OOOH. The ortlio- 
compound is obtained by fusing phthalic anhydride with anthranilio acid, and sepa- 
rates on cooling from the solution of the product in boiling water, in broad yellowish 
prisms melting at 217°, easily soluble in ether, benzene, and glacial acetic acid. Its 
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Sliver salt is a white pulyerulent precipitate. The metoraddf prepared in like manner, 
forms spherical groups of ci^stals or capillary needles melting at 27o-5°-276°, 
soluble in^hot glacial acetic acid, less soluble in benzene and in ether. Its stives' saltf 
C®H^(CO)“hr.C°H^.CO“Ag, separates from a hot solution in radio-fibrous groups of 
needle-shaped crystals (Gabriel, loc, cit) 

PHTHAXiOPHIiN'Oia'x:, Syn. with Biphenyl-phthalide (p. 1619 ). 

PHTHAliVIi 

This compound, formed by the 

action of finely-divided silver on phthalic chloride, has been already described 
(vii. 979). 

Stliiue-dipbtlialyl, or Ethine-orthophen^lene-dilcetone, C^82[ioo4 

— obtained by heating phthalic anhydride with 

succinic acid in presence of sodium acetate, is described under Phenyleke KETorsfES 
(p. 1561 of this volume). 

BenaylWene-cUpbtbalyl, C>»H'«0==C»H*<;^°>CH.C'H= is formed, with 

evolution of CO®, by heating phthalic anhydride with phenylaeetic (a-toluic) acid and 
sodium acetate : 


CSHXC0)20 -f C®Hs.CH2.C00H = C«H^(CO)®CH.C® + CO® + H®0. 

It is insoluble in hot water and in dilute ammonia, hut dissolves in boiling alcobol, 
and in hot aqueons ammoma or potash solution. On the addition of an acid 
to its solution in caustic alkali, orthodeoscyhens^oinGarhoxvlic acid^ 
COOH.C®H‘‘.CO.CH“.C®H®, separates in the liquid state, but solidifies when left at 
rest for several hours. This acid when pure is soluble in alcohol, and is depisited 
from a boiling aqueous solution in long shining prisms (m. p, 74°-75°) containing 
1 mol.^ of water of crystallisation, which is expelled at 60°. The silver salt, C^sH^®AgO^ 
is indistinctly ciystalline. The acid heated to 190° with hydriodic acid is converted 
into ortho-dibe^isylcarhoxylio acid, COOH.O^H'^.CH® CH®.C®H^ which is de- 
posited from its solution in alcohol in large tabular crystals, insoluble in water, but 
readily soluble in alkalis. The aqueous solution of ammonium ortho-dibenzyl- 
carboxylate forms a white precipitate with lead and silver salts, pale blue with copper 
salts. The silver salt when gently heated yields dibenzyl, C®H*.CH®.CH®.C®H*. 

Orthodeoxyhenzoincarboxylic acid is converted by sodium-amalgam into benzyl - 

ycn-cm-cm^ 

phthalide, C®H^ (Michael a. Gabriel, JBer. xi. 1018). 

/O^CH®.C«Hs 

Imido-deoxyhensoincarhoxyliG Anhydride^ C'‘*H“NO = C®H^ , is 

\co^ 

formed by the action of ammonia at 100° on deoxybenzoincarboxylic acid, and sepa- 
rates, on recrystallising the resinous residue thereby produced from alcohol, in yellow 
scales melting at 182°-183°, insoluble in hot water, not affected either by alkaline 
or by acid solutions. Its formation appears to take place by two stages, thus : 




vCOOH 


+ NH» = 




(Gabriel a. Michael, Ber. xi. 1679). 

PBTHAXVXiACETiC ACID, C‘»H«0* = OOOH (Michael 

a. Gabriel, Ber. x. 391, 1551, 2199). This acid is prepared by boiling a mixture of 
1 pt. phthalic anhydride, 2 pts. acetic anhydride, and 0’2 pt. dry sodium acetate : 

= Cff.COOH + C«H<<^^q>OH-COOH. 


After the boiling has been continued for two hours, two-thirds of the quantity Ox 
acetic anhydride added is to be distilled off, and the residue mixed with four or five 
times its volume of glacial acetic acid, whereupon the phthalylacetic acid separates 
out, and may be obtained in colourless needles by crystallisation from glacial acetic 
acid or nitrobenzene. When the process is thus conducted, the yield amounts to 1 4 
per cent, of the phthalic anhydride used ; but if the boiling be continued for more 
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than two hours, large quantities of resin are formed, and the yield of phthalylacetic 
acid is greatly diminished. ^ ^ i , 

Beaotions.—-\. A neutral solution of phthalylacetic acid in potash yields, on 
addition of hydrochloric acid, a precipitate of the unaltered acid ; a solution containing 
excess of potash, on the other hand, gives no immediate precipitate with hydrochloric 
acid, hut the acidulated liquid, if left at rest, gradually deposits a new acid, 
containing the elements of 1 mol. phthalylacetic acid and 2 mols. water. This acid 
is hihasic, and has the constitution of henzacet-ortho-carhoxylic acid 

+ When boiled in aqueous or alkaline solution, or when 

fused, it gives off water and carbon dioxide, and is converted into acetophenone- 
’ ® GH® 

c-carhoxylic acid, produced 

directly by heating phthalylacetic acid with water to 200°, forms crystals having a 
vitreous lustre, a sweet taste, and melting at 114°-115°. Its salts are difficult to 
crystallise. 

2. The action of bromine on phthalylacetic acid dissolved in acetic acid gives rise 
to tribromacetophenone-o-carboxylie acid, Br®O.CO.C®H^.COOH, which 
melts at 159‘5°-160°, and is resolved by alkalis into bromoform and phthalic acid 
When, on the other hand, bromine acts upon dry phthalylacetic acid in presence oi 
chloroform, the mixture being heated for two hours at 100° in a sealed tube, 
phthalylmonohromacetic acid, C®H'*(CO)“CBr.COOH, is formed, which melts 
at 232°--235°, and is easily decomposed by alkalis and water at 180°. 3. Chlorine 

acts on phthalylacetic acid suspended in glacial acetic acid in the same manner as 
bromine, converting it into trichloracotophenone-tJ-carboxylic acid, which 
melts at 144°. 4. Ammonia converts it into phthalylacetamide. 

5. Phthalylacetic acid, heated .on the water-bath with strong sulphuric acid, is con- 
verted, with separation of carbon dioxide and water, into a yellow body, C”H‘‘0, which 
is also formed in snaall quantity in the preparation of phthalylacetic acid. This com- 
pound, when -fused with potash, is converted into an acid body having the empirical 
formula C®H®02=0W0 + II‘O, which crystallises in colourless prisms, dissolves 
easily in alcohol, ether, glacial acetic acid, and alkalis, but only sparingly in benzene 
and carbon disulphide. Heated to low redness with lime, it yields triphenyl- 
benzene, C“H3(0®H®)*. This reaction shows that the acid in question must be a poly- 
meride of C®H®0®, and that it is in phenenyUtrihmzoic acid^ C‘’H®(C®HhCOOH)®. 
On this view, the formation of triphenylbenzene from it will bo represented by the 
equation 

0®H8CCsmCOOH)® == 300^ -h C«H®(C®H®)® 

(Michael a. Gabriel, Ber. xi. 1007). 

6. Sodium-amalgam converts phthalylacetic acid in alkaline solution into a 

monobasic acid, (m. p. 150°), which may be regarded as the anhydride of 

henzhydrylacetocarboxylic acid, : 

Acid. Anhydride. 

Benzhydrylacetocarboxylic acid is not known in the free state, but some of its salts 
have been prepared. The barium salt 

^ ^ X 000 

gives off mol. water at 100°. When heated to 220°“240°, it gives off, in addition 
to its water of crystallisation, a second molecule of water, and its solution, acidulated 
with hydrochloric acid, then yields a pulverulent precipitate of a bibasic acid, isomeric 
with the anhydride C^®H®Oh The group GH(OH)CH2.COOH is thereby converted 
into OH— OH — COOK + H^O, and the new acid is cinnamocarboxylic acid, 

which takes up 2 at. bromine, forming the dibromide, 

and unites with nascent hydrogen, forming hydro* 

■u T -A o«tT4/CH2.0H=^.C00H 
cinnamocarboxylic acid, \gOOH 

PBTBAXiTX.roOPXON'XC ACXB, = C®H^<^^q]>OH.CH2.COOH 
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(Gabriel a.'Micbael, Ber. xi. 1017, 1679). This acid is prepared by heating a mixture 
of phthalic and propionic anhydrides with sodium propionate, dissolving the product 
in boiling acetic acid, and filtering the liquid while hot. On cooling, the acid 
separates in slender needles melting at 24o°-24:8°. 

BJithalyl-^wpionamide^ C®H‘*(CO)^.CH.CH-.CONH-, separates in iridescent scales 
melting at 193°-195°, on adding an acid to a hot solution of phthalylpropionic acid 
in ammonia. 

Bropio^pJienone^carhoxylio aoid, > is formed when phthalylpropionic 

acid is boiled with excess of potash-solution : + H-0 = + GO^, and 

crystallises from its alcoholic solution in slender colourless needles, which melt at 
9i°-92°. The silver salt, C^°H®AgO^, also forms long needle-shaped crystals. 

Phthalylpropionic acid is converted, by the action of ^phosphorus and strong 
hydriodio acid, into propylbenzoic acid, COOH.C^HhCH-.CH^CH^ ; thus: 
C“HW + H^ = C’°H^-0- + 00^. This compound, which is easily soluble in the usual 
solvents, forms crystalline scales melting at 58°. 

The action of strong sulphuric acid on phthalylpropionic acid at the heat of the 
water-bath is similar to that which it exerts on phthalylacetie acid (p. 1621), giving 
rise to the compound which crystallises from alcohol in silky needles, 

melts at 2S5°-237°j is insoluble in acids and aqueous alkalis, and appears to yield an 
acid by fusion with potash. Its formation may be represented by the equation : 
2C”HS0^ - + 2002 + H^O, 

and the reaction may resolve itself into two stages, the first consisting in the forma- 
tion of the diketone, phthalylethylidene, thus: 

0‘’H<<;^°]>0H.CH=.C0OH = C0= + 

two molecules of which then unite together under the infiuence of the sulphuric acid, 
with elimination of a molecule of water 

2C0<^“,|‘>C0 = ffO + 00<^!|‘>C=0=H=<^^>C«HS 

the change being similar to that which takes place in the conversion of acetone, C®H®0, 
into mesityl oxide, 

Phthalylpropionic acid, dissolved in dilute sodordey, is converted by assumption of 
water into benzoylpropiocarboxylic acid, 

This acid has not been isolated, but its formation may be inferred from the action of 
sodium-amalgam on the alkaline solution just mentioned, whereby a body is formed 
which crystallises from dilute alcohol in shining colourless needles having the com- 
position This last compound is slightly soluble in cold, moderately soluble 

in hot water, and dissolves readily in the other ordinary solvents ; it softens at 135°, 
melts at 140°, dissolves in aqueous alkalis, decomposes carbonates, and is converted 
by boiling with baryta-water into a barium salt having the composition 
Prom these properties, and from the analogy of the reaction to that which takes 
place with phthalyl-acetic acid, the body may be regarded as 

.CH\C2HhCOOH 

yO ' , that is, as an anhydride of henzhydrylpropiocarhoxylic acid, 

'GO ^ 

^ .00 OH^ constitution of the barium salt may be represented 

by the formula ; 

C^H^ <-Cg(Ogj g^ f-QQO^ Ba. 

TOYCOCYAWOGEW and PBYCOEBYTHEXZdT. See Plant-colours. 
PKYXiXiZC ACXB, A substance obtained by C. Bougarel {Bull. Soc. Ohkn. [2], 
xxviii. 148) from the leaves of several trees, e.g. the cherry-laurel, quince, apple, 
peach, almond, mulberry, and elder. It is found in the alcoholic extract of the leaves, 
and, after purification, forms colourless crystalline granules, soluble in alcohol, ether, 
chloroform, and carbon bisulphide, insoluble in water. Sp. gr. about 1'014. It melts 
at 170°, and solidifies on cooling in fiat prisms terminated by pyramids of about 120°. 
When heated above 180° it decomposes, ^ving off white fumes of balsamic odour, 
which condense in oily drops. Dilute acids have no effect upon it. In contact with 
cold potash, it does not apparently dissolve, but combines slowly, forming a body 
which crystallises in prismatic needles with square base. These needles, which are 
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the potassium salt of phylHc add, are slightly soluble in cold water, hot 

sliahtlv alkaline solutions ; insoluble in strong alkalis ; soluble m alcohol, ether, and 
chloroform. The analysis of the acid led to the formula which, however, 

requires confirmation. Both the acid and its salts are optically dextrogyrate. 

PKYIiIilTE- or SBISICITB-G3SrE3CSS. A rock occurring in the Casanna 
Pass, in the Engadine, Switzerland, examined by C. W. Giimbel {Jahrb.f. Min. 1878, 
383 / Gkem. Soc. J. xxxii. 207). 


PKY3U1.0CYA3ffIC ACID, PHYMOOHROMOGEW, PHYIiliOX- 
^STTBIir. See Ghlouophyll (p. 452). 

PKYSOSTIGMIHB. According to Hesse (t7h/ircs5. /. Cheni. 1877, 177), this 
base, the active principle of the Calabar bean (iv. 635), is amorphous. The bean, 
however, yields also a substance (m. p. 183^-134°) very much like cholesterin and 
isocholesterin, and this is probably the substance which was^ mistaken by Vee ((/, Fharm. 
[4], i. 70) for a crystalline alkaloid (the so-called * eserine ’) of the Calabar bean. 
The base described by Petit (vii. 472) under the name of esWine was doubtless 
identical with physostigmine. 


PKYTOSTEBIN', (Hesse, Liebig's Annalen, cxcii. 175). A neutral 

substance, identical or homologous with cholesterin, obtained from Calabar beans by 
extraction with petroleum-ether. The resulting solution leaves on evaporation an 
oily residue, which after some time solidifies to a butyraceous mass of^ crystals ; and 
on pressing this mass between bibnlons paper to remove the oil, dissolving the residue 
in hot alcohol, and recrystallising from ether and alcohol successively, brilliant colour- 
.less tabular crystals are obtained which melt at 132°-133°, and give on analysis 
numbers agreeing with the formula C2‘'‘H^^0.H20. By rccrystallisation from petroleum 
ether, this substance is obtained in anhydrous needles. 

A solution of phytosterin in chloroform shows left-handed polarisation,(ct)p=s —34*2® 

at IS'^. Phytosterin seems to be identical with Kolbe’s ‘ cholesterin obtained from peas.* 

Cholesterin, obtained from gall-stones, crystallises from alcohol and from chloro- 
form in forms the same as those assumed by phytosterin, bxtt the crystals obtained 
from an ethereal solution consist for the most part of tables. Cholesterin melts at 
145°-‘146®. Dehydrated cholesterin in chloroform solution gave a left-handed 
polarisation, (a)D*= ~ (36-61 -h 0*249 jp). 

Cholesterin, according to all chemists who have hitherto examined it, has the 
same composition as that which Hesse assigns to anhydrous phytosterin, viz. 

(i. 924 ; vi. 446 ; vii. 328 ; viii. 454). Hesse, howovor, is inclined to regard it as tlm 
next lower homologue of phytosterin, viz. C'-^^H'-O ; he thinks it probable, also, that 
the two substances occur together in the animal organism. 


PXCOl^ZE'Ef C"H^N. See PrRii)iNE-BASB]S. 


PXCOTXTE. This black chromiferous spinel, originally found as a constituent of 
Lherzolite (iv. 640), oceui-s also in the basalt nodules of Kasakov. Two analyses by 
F. Farsky {Verh. geol. Eeichsanst. 1876, 207) gave the following results : 


BiO** 

A1^0=» 

Cr^O* 

MgO 

FcO 

3-77 

50-34 

5*75 

17-87 

22-27 = 100 

1-25 

52-47 

7*01 

18-23 

21*42 « 100’38 


PXCEikCOrJ'XTXErE. A base isomeric with aconitine, sometimes occurring, 
together with the latter, in the root of Aconitmn LapelUis. It is amorphous, ami 
exhibits but little physiological activity (C. E. A. Wright, Ohem. 8oc. J, xxxi. 243). 

PICRAIBIEE, or Tnnitranilme, C6H2(]S'02)3NH2=. C^.NmKO^.H.NOs.H.NO® 
(p. 210). This compound, heated with alcoholic ammonium sialphido at 130°, is 
converted into a dinitrodiphenylene-diamine, melting at 210'^--2ll° (p. 1558). 

Picramide unites with aromatic hydrocarbons and amines, forming crystalline 
compounds. The bemene'-compound, 0®H-(NO^)®NH2.C®H®, separates from a solution 
of picramide in benzene, on slow evaporation, in pale yellow transparent prisms which 
fall to pieces on exposure to the air. A similar compound, crystallising in brown 
transparent needles, is formed with toluene. 

The compounds of picramide with aromatic bases separate in crystalline form when 
warm concentrated alcoholic solutions of the bases are added to excess of picramide ; 
they give off the base at 100®. The aniline'Compotmd, C®H2(N02)®]NH2.C‘’H’N, forms 
black shining needles or prisms; the paratoluidAne and dimethylanilme-oompoimds 
also form black shining crystals (Mertens, Ber. xi. 843). Hepp [Bull. 8og. Chim. 
[2], XXX. 4) also describes compounds of picramide with aniline, which differ from 
those obtained by Mertens, in giving off the whole of the aniline on exposure to the 
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PZCRXC ACXB, C®B;2(N0“)®0H:. Syn. TOth Trinitrophenol. See Phe.vol 
( p. 1528). 

FlCBO-AXiXTIsrOGSiZir. A magnesio-aluminic sulphate occurring in stalactites 
in the iron-mine of Vigneria, Elba. An analysis by Gr. Eoster {Jahrb. f. Min. 1877, 
531) gave : 

SO* Al’O* MgO E“0 OoO H*0 

36-387 9*160 8-189 0-368 trace 45*690 == 99*794 

agreeing nearly with the formula 2MgSO*,A12S®0^-+28H'0, -w^hich requires 36*80 per 
cent- SO®, 9*48 A1®0®, 7*36 MgO, and 46*36H®0, and showing that the mineral is 
nearly allied to pickeringite, MgSO^ A1®S®0^® + 22H®0 (v. 583). 

PXCROPHARlMCACOXiXTi:. A native calcium arsenate allied to pharmacolite 
(p. 1513). 

PZCROROCCXSIiXiZXr. A bitter substance obtained from Boecella fuciformis 

PZCROSCZiBROTXirE. A bitter and highly poisonous alkaloid obtained from 
ergot of rye (Dragendorff, Russ. Zeitschr. Pharm. xvi. 609 ; Chem. Centr. 1878, 125, 
141 j Chem. 8og. J. xxxiv. 518; Blumberg, PAcm. J. Trans. [3], ix. 23, 66, 147; 
Chem. 8oc. J. xxxvi. 270). 

PXCROTBPBROZTR. A light red mineral from Laangban in Norway, which 
may be regarded as tephroite (Mn^SiO^ v. 254), in which the manganese has been 
partly replaced by magnesium. An analysis by PaijkuU {Jahresh.f. Min. 1878, 209) 
gave: 

SiO* MnO CaO HgO Loss on ignition 

33-70 51-19 0-95 12*17 0*44 = 98*45 

PXCROTOXIzg' (Patemo a. Oglialoro, Cazz. oUm. ital. 1876, 531 ; 1877, 193). 
The composition of this substance has hitherto been represented by the formula 
deduced by Barth from the analysis of a dibromo-derivative, 
and a mononitro-derivative, C^®H‘®(NO®)0®, which he prepared and analysed, and 
from older analyses of the substance itself (iv. 643). Paterno a. Oglialoro, however, 
having prepared a specimen of picrotoxin, the purity of which was guaranteed by the 
fact of its melting point remaining constant at 199®-200°, even after repeated 
fractional crystallisation, found that it gave, as the mean of five closely agreeing 
analyses, 59-27 p.c. 0. and 5*52 H., whence they deduce the formula which 

requires 59*34 per cent. C. and 5'49 H., whereas requires 60*50 C. and 5*88 

H. By the action of bromine on picrotoxin, a crystalline mass was obtained con- 
taining only 21*39 percent, bromine, whereas Barth’s formula of the dibromo-com- 
pound requires 40 per cent. The hot alcoholic solution of this brominated compound 
deposited, on cooling, crystals which were free from bromine, sparingly soluble in 
alcohol, became coloured at 240°, and decomposed completely at 253°, and therefore 
did not consist of picrotoxin. 

By saturating an ethereal solution of picrotoxin with hydrochloric acid, Patemo a. 
Oglialoro obtained a crystalline compoimd, = insoluble in 

all ordinary solvents, and melting at a temperature above 310°. This compound, 
which they call ^icrotoxide^ is also formed by the action of acetyl chloride and other 
dehydrating agents on picrotoxin. Subsequently, however, by the action of bromine 
on picrotoxin suspended in ether, they obtained a brominated compound, C^^ff^BrO®, ^ 
and a body having the composition or ®0® + H®0. This substance they 

regard as a hydrate of yierotoxide^ assigning to picrotoxide the formula 
which gives nearly the same percentage composition (61*65 C., 5*48 H., and 32*87 0.) 
as the formula (61*36 C., 5*31 H., and 33*33 0.) A diacetyl-derivative, 

C^®H!®(C®H®0)®0^ is formed by the action of acetyl chloride on the hydrate of 
picrotoxide. The whole subject seems to require further investigation. 

PXCRITBAMX^ES and PXCRVXi«3!ffXTRAl!iirZXiX3SrES« Bases produced by 
the action of picryl chloride on the nitranilines. See Benzene, Niteamido- (p. 199). 

PIGlVIZSKrTS. On the black pigment of Hair and Feathers, see Feathers 
( p. 461). 

A green pigment, prepared by decomposing barium chromate with sulphuric acid, 
and heating the chromium trioxide thereby liberated to bright redness, is described 
by T. Donglas {Chem. Neivs, xl. 59 ,* Chem. 8oc. J. xxxvi. 987). 

A fine white pigment, possessii^ great covering power when mixed with oil, is 
obtained by precipitating zinc chloride or sulphate with an alkaline sulphide, calcining 
the dried precipitate in a furnace, and levigating it by raking it out, while quite hot, 
into vats of cold water (Phipson, Chem, News, xxxviii. 105 ; Chem. Soc. J. xxxiv. 
1017). 
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PXltXXiTXTE* A mineral, hitherto regarded as a zeolite, occurring in felted 
needles, together with quartz, epidote, and desmin, in cavities of the granite of 
Strigan in Silesia. From microscopic measurements it is inferred to belong to the 
orthorhombic system, and in the flexibility of the needles it resembles the silicates of 
the asbestos-group. Sp. gr. 2-263 at 15°. Analysis gave : 

SiO® A1®0% Fe®0® CaO LPO H®0 

55-70 19-51 M8^ 4*97 - 100 

with traces of magnesia, soda, and potash. These numbers may be represented by 
the formula Oa^APSi^O^^ -h aq = 2CaO, AP0^5Si02,H"0 (A. v. Lasaulx, Jah^b.f. Min. 
1876, 358). 

PXXkOCABPBlffE and PXI.OCARP13NrB. See Jabokandi (p. 1141). 

PIMARXC ACXB, This acid resin, which Laurent obtained from 

galipot, the hardened turpentine of Finns maniima (iv. 645), has been further 
examined by A. Caillot {Bnll. Soo. Ghim. [2], xxi. 387). When Afresh galipot, after 
washing with cold alcohol, is dissolved in twice its weight of 85 per cent, alcohol at 
60°, and the solution is quickly cooled, pimaric acid separates in small crystals 
exhibiting the characters described by Laurent, including the melting point, 125°. 
Under the microscope, these crystals present the appearance of elliptic iaminse, 
gradually changing into octagons. The alcoholic solution is strongly Isevogyrate, 
and the more so as it is more dilute. The rotation of a 5‘8 p. c. solution for the line 
I) is —92*7 ; that of a 24-8 p. c. solution, —78*6. 

The properties of pimaric acid are not altered by repeated crystallisation from a 
rapidly cooled solution in warm alcohol ; but if it be dissolved to saturation in boiling 
alcohol and the solution left to cool very slowly, it separates in hard crusts which 
redissolve but slowly. At each repetition of this treatment, the melting point of the 
acid rises, and its rotatory power becomes less. When an alcoholic solution of the 
acid is heated in a sealed tube, it gradually loses the whole of its Isevorotatory power, 
and ultimately becomes dextrorotatory. The acid thus altered by boiling with alcohol 
consists of three portions, viz.: (1). Bextrofimaric acid (rotatory power + 56®), 
slightly soluble in cold alcohol, crystallising in rectangular plates, and melting at a 
temperature above 200®. (2). Laurent’s pyromaric acid having a loevorotatory power 
of —66®, more soluble than the preceding, molting at 145°, and separating from warm 
alcohol in hemi-ellipsos, which change into triangular Iaminse, and sometimes into 
crystals resembling galena. (3;. A feebly Isevorotatory acid, which hitherto has not 
been completely separated from the accompanying residues of the other two. The 
same alteration, though less complete, is produced in pimaric acid by simple dis- 
solution in ethyl acetate, chloroform, benzene, turpoutine-oil, and especially in carbon 
bisulphide. The acid contained in the latter solution had a rotatoi-y power of only 
— 11*5, which is increased to —37 on expelling the carbon sulphide and dissolving 
the residue in alcohol. A hot solution of pimaric acid in aqueous sodium carbonate 
yields crystals, not of sodium pimarate, as stated by Duvenioy, but of dextropimarato 
and pyromarate, while the sodium salt of the third acid above mentioned remains in 
solution (Caillot). 

The sodium or calcium salt of pimaric acid yields by dry distillation propylene, 
amylene, propione, and a terebene (Bruylants, InstiL 1876, 238). 

PXMEXiXC ACXB, C’'H*^0‘‘— C®H’®(COOH)''^. An acid having this composition 
was found by Laurent among the products of the oxidation of oleic acid by nitric acid 
and similar products were obtained by Bromeis, G-orhardt, Sacc, and Arppo, by the 
action of nitric acid on wax, spermaceti, and other fatty bodies (iv. 646). All these, 
however, appear to have been impure products, and, according to Arppe, were for the 
most part nothing but mixtures of adipic and succinic acids {Jahresb.f. Chem. 1864, 
377)* Two definite modifications of the acid are, however, known, one called 

pimelic acid, obtained by the action of melting potash on camphoric acid (Hlasiwetz 
a. Grahowski, vi. 389), and by saponification of amylene dicyanide, C^H^”(ON)''^ 
(Bauer a. Schuler, Ber. x. 2031) ; the other, called a-pimelic acid, by the action of 
nitric acid on suberone (Dale a. Schorlemmer, Chem, Boc. J. xxvii. 935), and by the 
reducing action of hydriodic acid and red phosphorus on furonic acid (Baeyer, p. 834). 

Fine lie aeid. — To obtain this acid by saponification of amylene dicyanido, the 
preparation of which in the pure state appears to be difficult, Bauer a. Schuler allow 
an alcoholic solution of potash to flow in a slow stream into a heated mixture of 
amylene dibromide and potassium cyanide ; distil offi the alcohol, together with mono- 
bromamylene, after the heat has been continued for some time ; mix the residue with 
sulphuric acid ; and extract the pimelic acid, thus set free, with ether. The calcium 
^ Determined by diffierenco. 
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salt of the acid thus obtained exhibited the characteristic properties of that of the 
pimelic acid prepared by Kachler from camphoric acid. The process above described 
yielded also, together "with a small quantity of formic acid; another acid isomeric 
with pimelic acid, which, however, was not obtained pure (Bauer a. Schuler). ^ 

Pimelic acid prepared from camphoric acid is usually obtained, after purihcation, 
in transparent crystalline crusts, sometimes, however, in distinct crystals which, 
according to measurements by v. Zepharovich {Wien, Akad Ber. Isxiii, [1 Abth.] 7) 
of crystals prepared by Wreden {Liebig^s j^incden, clxiii. 323), belong to the tri- 
elinic system. a\h \ c — 0*4971 • 1 : 0*5992. In the first octant (upper, front, 
^ht), a = 81° 50' ; 0=100° 2' ; y = 85° 6', Observed forms oo P co, oo P cc, OP, P' co. 
Too, 2'f oo,^f^o=. Angle OP : ooP co = 99° 12'; OP: ooPc» = 79°7'; ooPoo : cof co = 
96° 29'; OP : f ' 00 = 32° 51'. Cleavage perfect _^parallel to ooPoo and The 

trace of the plane of the optic axes forms on oo P oo with the obtuse edge ac m angle 
of 59° 5'. Angle of optic axes in oil - 70° ; the first (positive) median line falls in 
the right upper octant. 

Pimelic acid malts at 114°, is very soluble in water, alcohol, or ether, and has a 
taste like that of tartaric acid. The ammonium salt forms very soluble, hygroscopic 
leaflets containing C^H^®(NHTOh The sodium salt is very soluble, and contains 
C^'H^^Na^Ob The barium salt is exceedingly soluble, and its solution evaporated 
under the air-pump first deposits plates and then dries up to a porous mass, which, 
when dried at 200°, contains C’H^^BaOb The magnesium salt dries up to an 
amorphous mass, containing C^H^^MgO^. The cc^per salt was obtained as a green 
precipitate, which, when dried at 160°, contained C’H^®CuO^. A solution of the 
ammonium salt is not precipitated by the salts of manganese, ferrosum, zinc, 
cobalt, nickel, chromium, cadmium, or mereurosum, but it is precipitated by the 
salts of ferricum, aluminium, lead, or bismuth. The ethylic ether , C'E*^(C'H®)'0S 
prepared by passing hydrochloric acid into an alcoholic solution of pimelic acid, is a 
heavy oil having a fruity odour, and boiling at 236°-240°. 

JPimelic anhydride^ produced by distillation of the acid, is a colourless 

liquid boiling at 245°-.250°, and reconverted into the acid by hot dilute alkalis. 

Pmelio chloride^ C^H^^OPO^, obtained by treating the acid with phosphoric chloride 
and heating the product at 120°, distils, with partial decomposition, at 210°. 

When pimelic acid is treated either with bromine or with bromine and water, 
amorphous products are obtained, and in the former case butyric acid is also formed. 
This acid is likewise produced when pimelic acid is fused with potash : hence it is 
highly probable that the higher fatty acids which accompany pimelic acid in its pro- 
duction from camphoric acid result from the decomposition of butyric acid. Assuming 
this, the reaction which takes place in the preparation of pimelic acid from camphoric 
acid, may be represented by the equation : 

•+ = C"Hi204 4 . + CO\ 

(Kachler, Liebig's Annalen, clxix. 168). 

a-Pimelic acid is produced : 1. By oxidation of suberone with nitric acid, 
+ 0® = 2. By heating furonic acid with 5 pts. of hydriodic acid 

(b. p. 127°) and I- pt. red phosphorus at 200° : 0’B[®0^ + 3H2=0’H*20^-hH*0 (Baeyer, 
Ber. X. 1358). 

a-Pimelic acid is distinguished from pimelic acid by its melting point, 103° 
(D. a. S.), 100° (Baeyer) ; its crystalline form, which is very much like that of 
meconic acid (p. 1269) ; and the property exhibited by its calcium salt, C’'Bd°OaO^, 
of dissolving in cold more freely than in hot water. The barium salt^ H^O, 

forms transparent, tabular, very soluble crystals ; the silver salt, C^H^^^Ag^O^, is a 
heavy, white precipitate, not altered by light, slightly soluble in boiling water (Dale 
a. Schorlemmer). 

Constitution of the isomeric Pimelic acids. — ^Both these acids are amylene-dicarb- 
oxylic acids. Supposing, then, that the amylene cyanide from which Bauer a. Schuler 
obtained pimelic acid contained ordinary amylene, i.e, trimethyl-ethyiene (p. 80), it 
follows that pimelic acid must be represented by the formula 
C(CH®)2— COOH 

CH(CH«)— COOH’ 

and if suberic acid be regarded as a normal compound, its ketone (suberone), and the 
xt-pimelic acid formed therefrom will be represented by the following formulae : 

cmOH2.CH\ CH^.CmcOOH 

i I 

OHs.CH^.OH^COOH 

Suberone. a-Pimelic acid. 
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PXXffACOXiXia'y This compound, which Pittig obtained by dehydratioh 

of pinaeone, or hexylene-glycol, (It. 617), is regatded by Friedel a. Silva 

{Compt. fend. Ixxvi. 226) as an anhydride of pinaeone ; and pinacolyl-alcohol, 
produced by the action of sodium or sodium-amalgam on pinacolin (vii. 982), 
is regarded by the same chemists as a tertiary hexyl-alcohol, viz. di7nethyUiso'pro]f>ph 
carbiml, the relations between the three bodies being represented by the following 


formulae : 

(CH^)"COH 

(CH»)=(!!0H 

Pinaeone. 


icmyc. 

I 

{OWfC/ 

Pinacolin. 


(CHs)2COH 

(omym 

Dimetliyl-isopropyl Oarbinol. 


But the true dimethyl-isopropyl carbinol produced by treating isobutyryl chloride 
with zinc-methyl, and decomposing the product with water (p. 1035), differs consider- 
ably in physical properties from pinacolyl alcohol, and the formation of the latter 
by hydrogenation of pinacolin, and its reconversion into that bo^y by oxidation, show 
that it is a secondary alcohol, viz., metTiyl-mtahutyl carbhwl, of which pinacolin is the 
ketone : 

CK\CROK.C{Gmy CHS.C0.C(0H3)8 

Pinacolyl alcobol. Pinacolin. 

This view of the constitution of pinacolin is confirmed by its formation from tri- 
mothyl-acetyl chloride and zinc-mothyl, as observed hy Butlerow (p. 1148) : 

OLCO.C(CH7 + Zn(0H3)2 = Zn(CH3)Cl + CH^.CO.CCCHS)^. 

A further confirmation of the same view is afforded by the formation of trimethyl- 
acetic (pivalic) acid (p. 1501), by oxidation of pinacolin, observed by Friedel a. 
Silva : 

OmOO.O(CH»)» -h 0* = C(CH3)lCO.OH + CO^ + H^O. 

The formation of pinacolin from pinaeone (tetramothyl-glycol) may be represented by 
the equation 

(owyc(OR) (omyo 

I - H^O =: I 

(CH3)20(0H) (0H8)0O 

(Butlerow, Ber. vi. 1254). 

On the homologues of pinacolin obtained by the action of trimethyl-acetyl chloride 
on zinc-ethyl, and of ethyl-dimethyl-acetyl chloride on zinc-methyl and zinc-ethyl 
respectively, see Ketones (p. 1148). 

Bhe^iyl-methyl Binacoluis. — Phenyl-methyl ketone (acetophenone) might be 
expected to yield three pinacolins, represented by the following formulae : 

(I.) CsH».(CH»).Ov^^ 

(II.) (0»H=)(CH»)=0.C0.C*H“ ; (III.) (C»H'>)*(CH»)G.CO.CH» ; 

but, although several products are formed hy the long- continued action of zinc and 
strong hydrochloric acid on an alcoholic solution of acetophenone, only one of the 
resulting pinacolins has been isolated viz., no. III. The oily liquid boiling between 
300® and 330®, which remains after distilling the crude product in a current of steam, 
to remove unaltered acetophenone, deposits crystals of this acetophenonepinacolin ; and 
the mother-liquor yields, on fractional distillation, pinacolin, acetophenonepinacono, 
a substance of unknown composition, melting at 107®, and an oil boiling below 300®, 
which does not solidify, and may perhaps contain small quantities of the pinacolins I. 
and IL Binacolin III. crystallises in rhombic prisms, which are soluble in benzene, 
chloroform, ether, glacial acetic acid, and hot alcohol. It melts at 41®, boils at 
810®, and is decomposed by soda-lime into acetic acid and diphenylmethylmethane, 
(C®H®)^CH.CH®. This hydrocarbon boils at 264®, yields benzophenone on oxidation, 
and is identical in its properties with the hydrocarbon described by Goldschmiedt 
and by Badziszewski as diphenylethane (p. 673). By the action of hydriodic acid 
and red phosphorus, the pinacolin is reduced to diphenylethylmethylmethane, 
(C®H®)2C(CH®)(C2H®), which crystallises in transparent plates or prisms melting at 
127‘5°, and is perhaps identical with the diphenyidimethylothane obtained by Englor 
a. Bethge from phenylmethyl-carbinyl bromide (p. 668) and by Kadziszewski {Br,r. 
vii. 142) by the action of zinc-dust on a mixture of ethyl-benzene and bromethyl- 
benzene (Thorner a. Zincke, Bar, xi. 1988). 

On BenzpinacoUns and Tolyl-^henyl BinaooUns, see Ketones (p. 1155). 
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PXZTACOXiirXi ^XiCOBOXi, CsB:i^O = CH3.CH:OH.O(GH*)*. See Hexyl Al- 
cohols (p. 1035). 

PXBA.COB3SS. The six- carbon pinacone, is formed by treating tetra- 

methylethylene bromide, (0H®)^Cfcx:0(0H®)^ with silver acetate, and saponifying the 
resulting tetramethyl-ethylene acetate with baryta. A crystalline hydrate of pinacone, 
C®H^202 62-0, is thus obtained, melting at 46*3°, and identical in every respect with 
that which is produced by the action of sodium-amalgam on aqueous acetone (iv, 
648): hence it follows that pinacone is tetramethyiethylene glycol, 
(023)2(0H)C — C(OH)(CH2)2 (Pawlow, lAeli^s Amnalen, cxcvi. 122). 

The following method of preparing pinacone in considerable quantity is given by 
Priedel a. Silva {Bull. Soo. Chim. [2], xix. 289). A solution of potassium carbonate 
(of such strength as not to dissolve any perceptible quantity of acetone, but to be 
easily decomposed by sodium) is introduced into a row of 14 to 16 fiashs ; 600-700 
grams of acetone are distributed between the same vessels, and 200 to 250 grams of 
sodium, in pieces ahput the size of a pea, are thrown in. The sodium sinks in the 
layer of acetone, and comes in contact with the watery layer, where it liberates hy- 
drogen, which is almost completely fixed by the acetone. After the whole of the 
sodium has been introduced, the upper layer of the liquid is fractionally distilled, and 
in this manner from 250 to 300 grams of pseudopropyl alcohol are obtained, together 
with 60 to 65 grams of anhydrous pinacone, which may he dissolved in water, and 
crystallises out as the pure hydrate. 

JPinaGolyl’-pmoGone, is formed in the preparation of pinaeolyl alcohol 

from pinacolin (vii. 982), and remains, on distilling off the alcohol, in the form of a 
crystalline mass which melts at 69° (Priedel a. Silva). 

Senzplnacone, This compound, which Linnemann obtained (iv. 648) 

by the action of zinc and dilute sulphuric acid on diphenyl ketone (benzone or benzo- 
phenone), is usually regarded as tetrapbenyl glycol, (0®H^)^(HO)C — C(OH)(C®H^)^, 
that is to say, as related to diphenyl-ketone in the same manner as ordinary pinacone 
to acetone. If this were its true composition, it might be expected to form secondary 
as well as primary ethers by substitution of alcohol-radicles for the hydrogen of the 
two hydroxyl-groups. Thdrner a. Zincke, however {Ber, x. 1473), after repeated 
efforts, have found it impossible to effect this substitution, so that the constitution of 
the pinacone must for the present remain undecided. 

Benzpinacone, heated for six to eight hours with hydriodic acid and red phosphorus, 
is converted into tetrapbenyl ethane, C^H2(C®H[*)^ which is easily separated from a 
small quantity of the unaltered pinacone by extraction with ether, and crystallises in 
large prisms melting at 206° (Graebe, Ber. viii. 1054). 

According to Thorner a. Zincke, benzpinacone, when fused or distilled, is not con- 
verted into a physical isomeride, as stated by Linnemann., but is resolved into benzo- 
phenone and benzhydrol, the decomposition being 

complete even at the melting point of the pinacone. 

Senzpinacoliiis, Thomer a. Zincke {Ber. x. 1473 ; xL 68, 1396). 

Two bodies of this composition, distinguished as a- and jS-pinacolins, are produced by 
the action of acids and acid chlorides on benzpinacone, also by heating diphenyl ketone 
in alcoholic solution with zinc and hydrochloric acid. At the same time there is 
formed a large quantity of benzpinacone, whence it would appear that pinacones are 
intermediate products of the conversion of ketones into pinacolins. 

a-Benzpinacolin may be obtained pure by treating an alcoholic solution of diphenyl 
ketone with zinc and dilute sulphuric acid, and heating the product, which is a mix- 
ture of the pinacolin and pinacone, to 190°-200°, whereby the pinacone is resolved 
into benzophenone and benzhydrol, which may be removed by ligroin, leaving the 
a-pinacolin to be further purified by crystallisation from alcohol. Thus prepared, it 
crystallises in tufts of needles which melt at 204°-204-5° ; it dissolves sparingly in 
cold alcohol and glacial acetic acid, more easily when heated. Benzene, diloroform, 
&:c., dissolve it easily; ether, however, only slightly. When a-benzpinacolin is heated 
with acetyl chloride, aqueous hydrochloric acid, or alcohol and sulphuric^ acid, it 
passes into the jS-modification ; oxidised by a solution of chromic anhydride in acetic 
acid, it is resolred into benzophenone and benzoic acid. 

o-Benzpinacolin is identical with the tetraphenyl-ethylene oxide which Behr 
obtained by oxidation of tetraphenyl-ethylene (vii. 1150). This mode of formation, 
however, is not conclusive as to the constitution of the pinacolin, and does not deter- 
mine whether it is an inner anhydride or an ether of benzophenone ; neither are the 
products obtained on heating a-benzpinacolin with soda-lime more conclusive as to its 
constitution. The chief product is a hydrocarbon mixed with benzophenone pd 
benzoic acid. This hydrocarbon has the empirical formula and crystallises 
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from hot alcohol or glacial acetic acid in well-formed colourless crystals, which 
melt at 24S®~244°, and at the same time turn yellow. Benzene, toluene, carbon 
bisulphide, and chloroform dissolve it easily, whilst it is less easily soluble in ether, 
ligroin, cold alcohol, or glacial acetic acid. Its solutions show a beautiful blue 
fluorescence, which is destroyed by picric acid. The properties of this hydrocarbon 
show plainly that it is not identical with tetraphenyl-ethylene, of which however it 
may be a polymeride. The determination of its molecular formula would throw great 
light on the constitution of a>henzpinacolin. 

The resolution of benzpinacone into benzophenone and henzhydrol, which tabes 
place in the preparation of the a-pinacolin, is accompanied by formation of water and 
of a body isomeric with the pinacolin : 

O13H10O + C'3hi2o = H^O + 

This body forms beautiful colourless crystals, melts at 107°-108°, and is identical 
with that which Linnemann obtained by the action of heat on henzhydrol. Linne- 
mann represented it by the formula (C®H^)2CH.O.OH(C“H®^^ regarding it as 
ether of benhydrol. Thorner a. Zincke, however, observe that it is formed by the 
action of heat on benzpinacone more easily than henzhydrol, which is in the first 
instance resolved into diphenylmethane and benzophenone : 2 C^®H* 2 () _ Qisjgia 
+ -h H^O. Hence it appears most probable that this body is not an ether of 

benhydrol, hut that it is more nearly related to the a-pinacolin. 

(C^H^)®0.C0,0®H^, melts at 178°-179°. It yields by oxidation 
benzoic acid and triphenylcarbinol, (G«IH)30.0H, but no triphenylaeetic acid, and 
therefore differs in its behaviour from the j)inacolins of the fatty series. When boated 
to 300® with soda-lime, it yields benzoic acid and tnjplienylmethane : 

{C«H5)3C.CO.O«H« + NaOH - (C«H0"OH + C“H^COOHa. 

By reduction with hydriodic acid and phosphorus, it yields a hydrocarbon, 
presumably tetraphenylethano or triphonylbonzylmcthane, — CH'-^ — 

This hydrocarbon is soluble in benzene, chloroform, carbon bisulphide, hot alcohol 
and acetic acid, sparingly in ether, and crystallises from honzone in brilliant 
rhombic tables, which speedily turn opaque and fall to powder in the air. It crystal- 
lises from alcohol in beautiful long white prisms, which melt at 205®-206°, and 
sublime in small needles at a higher temperature (Thorner a. Zincko). 

Tolylphenyl plnacane, is formed from tolylphenyl ketone (p. 1154) 

in the same manner as benzpinacone from diphenyl ketone ; it exhibits the same rela- 
tions to solvents as the latter, but frequently does not separate from the alcoholic 
solution till after great concentration, and then crystallises in indistinct microscopic 
needles melting at 164®-165^. Like benzpinacone, it is resolved by heating and by 
the action of alcoholic potash into tolylphenyl ketone and tolylphenyl hydrol, the 
latter of which has been obtained only in the liquid state: 

+ By oxidation tho pinacone is converted into tolylphenyl ketone. 

Tolylphenyl pinacone, like benzpinacone, is converted by all othorifying agents— 
including zinc-chloride—into tolylphenyl pinacolins, and for tho most part into 
the ^-modification, which is the more stable of the two. The a-pinacolin is most easily 
obtained by mixing the alcoholic solution of the pinacone with a small quantity of 
hydrochloric acid, and leaving the mixture to itself for awhile at ordinary temperatures 
(Thorner a. Zincke, JBer. x. 1474). See further, p. 1155. 

X»X3Mr£. Experiments by Eliche a. Grandean {Ami. Chim. Mys. [4], xxix. 383 * 
Chem. Soc.^ J. xxvii. 382) on the growth of the cluster pine (Pinm Pinaker) on 
different soils, show that this tree does not flourish on calcareous soils containing hut 
a small proportion of potash. The ash of a twig of the plant with bark and leaves 
grown on such soil was found to be very poor in potash. 

Experiments by the same chemists {Ann. Chim. Phys. [5], xi. 224) on the leaves 
of Pirns lariGio austriaoa yielded the following results : (1). From the opening of the 
hud to the fall of tho leaf, the leaves of coniferous plants become continually richer in 
dry substance. (2). During the same time they lose part of their nitrogen, which is 
reabsorbed, while the proportion of ash increases. (3). The proportion of phosphoric 
acid, sulphuric acid, and potash in the ash diminishes. (4). The proportion of lime 
iron, and silica increases. (6). For the proportion of magnesia and soda, no rule can 
he laid down. (6). Assimilation in coniferous leaves is very rapid in the first year 
slackens at the beginning of the second, and afterwards ceases almost entirely 
(7). The composition of the soil has a decided influence on the quality and quantity 
of coniferous leaves, this influence being, however, comparatively less when external 
conditions are favourable to growth. (8). Coniferous loaves have approximately the 
same composition as those of leafy trees, hut they are always somewhat richer 
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in total amount of dry substance, poorer in nitrogen, and considerably poorer in ash, 
which, moreover, differs in composition from that of' leafy trees. The removal of 
fallen leaves is injurious to the growth of coniferous forests. (9). For forest cultiva- 
tion on poor soils, conifers are to be preferred to other trees ; and for planting on a 
calcareous soil in a climate where only conifers will grow, J^mis austriaca is the best 
of all. 

PXSrBIT TiLXil^OW. This tallow, obtained by boiling the fruits of Yateria 
indioa (from Malabar) with water, forms a yellow-green mass having a density of 
0*9 1, melting at 30°, and consisting of a mixture of 75 per cent, palmitic acid and 
25 per cent, oleic acid. It may be bleached by boiling with a solution of nitre mixed 
with sulphuric acid, or by exposure to air and light. Candles made of it burn better 
than common tallow candles, and do not give off any odour when blown out (Gr. Dal- 
Sie, Gazs. chim. ital. viii. 107). 

PIMTX, The ash of the garden pink, JDianthtcs Oaryophylhis, has been analysed by 
R. Andreasch(J. pr* Chem. [2j, xviii. 204) with the following results : 


K^O. 

Roots 

Stalks 

Leaves 

Flowers 

. 23*33 

23*00 

35*51 

49*41 

Na^O 

0*85 







CaO 

. 45*26 

45*16 

27-69 

5*85 

MgO 

. 4*43 

5*48 

8*27 

3*68 

Fe'^O^ . 

. 3*83 

7-95 

6*42 

7-19 

Mn^O^ . 

. — 

— 

— 

traces 

APQs 

. 2*56 

traces 

— 

— 


. 11*22 

10*25 

10*94 

14*84 

SQs . 

. 2*59 

6*46 

4*59 

4*04 

SiO* .... 

. 5*34 

0*61 

3*71 

4*25 

NaCl 

. 0*59 

0*44 

0*71 

2-35 

KOI. 

— 

0*65 

2*16 

8-39 


100*00 

100*00 

100-00 

100*00 

Percentage of ash 

. 5*04 

5*26 

4*44 

5*59 


PmoXiXTS. See IMaonesite (p. 1244: further Min, Mitth, 1874, 281 ; 
Jahresh.f. Chem. 1874, 1314). 

PXPSRZC ACXB, The constitution of this acid has been studied by 

Fittig a. Mi elk {Liebig's Aoinalen, clxxii. 184). Piperonylic acid, the product 

of oxidation of piperic acid, having been shown by former experiments (vii. 983) to 

have the constitution represented by the formula CH-<^q^C®H®.GOOB[, it appeared 

probable that piperic acid might be represented by 0H2 <(^q^C®H®.C 5H®0^, the group 

being the residue of an acid belonging to the sorbic acid series, and resolvable 
into — CHziiCH — CH~0H — COOH ; and these suppositions have been verified by 
the more exact investigation of the products obtained by the action of bromine on 
piperic and hydropiperic acids. 

Action of Bromine on JPiperic acid, — When 1 mol. finely divided piperic acid is 
suspended in anhydrous carbon sulphide cooled by ice, and 2 mols. bromine are 
gradually added, a crystallogranular powder is formed, consisting of the tetrabromide 
of piperic acid, or tetrahrompiperhydronic acid, or 

CH2<|^^0“ff.CHBr.0HBr.CHBr.0HBr.000H. 

This acid, when heated to 160°-165°, decomposes with somewhat violent evolution of 
gas, and melts to a brown viscid liquid. It dissolves readily in cold ether or alcohol, 
but cannot be recrystallised from the resulting solutions, as it is at the same time 
partly converted into an amorphous viscid mass, probably an ether or a decomposition- 
product of the tetrabrominated acid. On treating this acid with cold dilute soda-ley, 
or boiling it with sodium carbonate, the whole of the bromine is removed as sodium 
bromide, and piperonal, is formed, which may be obtained in considerable 

quantity by warming or agitating the product with ether. When, on the other hand, 
the tetrabromo-compound is boiled with water, it is converted into an oil which solidifies 
on cooling, and on repeated crystallisation from dilute alcohol, yields colourless shin- 
ing prisms slightly soluble in cold alcohol and melting at 136°. This compound, 
which Fittig a. Mielk formerly obtained by the successive action of bromine and 
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sodima carbonate (vi. 946), is likewise produced by treatmg tbe tetrabrominated 
acid witb. a cold solution of sodium carbonate. Its composition is represented by tbe 
formula 0 ^ 23853 . 204 ^ whicb. might be that of a dibromopiperic acid. Nevertheless, 
the compound in question is not an acid, since it is quite insoluble in aqueous sodium 
carbonate, and is not immediately altered by potash-ley, even when somewhat con- 
centrated. It is rather to be regarded as an anhydride analogous to lactide, and 
represented by the formula : ^ 

or OH«<;^>C«H».CflBr.CH=GBr.CH<^?^ 


and may be designated as dibromopiperide. When heated with soda-ley or boiled 
for some time with sodium carbonate, it is completely resolved into piperonal and 
hydrobromic acid, but when subjected to the regulated action of sodium carbonate, it 
yields an intermediate product, bromhydroxypiperide, 

0“H»Br0‘ = CH'<|^>C«ff.GHBr.Ofl(OH).eH=:C 



or 



which, after filtration from a small quantity of the unaltered dibromo-compound, and 
removal, by agitation with ether, of the piperonal— which is always foiunod at the 
same time by complete decomposition of another portion of the latter— remains dis- 
solved in the alkaline liquid. This liquid, when acidulated, deposits at first a small 
quantity of a brown amorphous precipitate which must he quickly separated by filtration, 
and the filtrate gradually deposits the bromhydroxypiperide in small crystals ; it may 
also be dissolved out of the alkaline solution by agitation with ether. It is contained 
in the alkaline liquid in the form of a sodium salt : 


GH<g>C«H».CHBr.GH(OH).GH=C<ggjj;r^ 

GH=<;°>G“ff.OHBr.GH=G(OH).GH<;g^Qjj^ 


the acid of which, however, when set free by sulphuric acid, immediately changes 
into the corresponding anhydride, viz. bromhydroxypiperido. This compound is but 
sparingly soluble in hot and nearly insoluble in cold water, very easily soluble in hot 
alcohol, less easily in cold alcohol and in ether, requiring 100 pts. of tho latter at 10 ° 
to dissolve it. The crystals, according to measurements by Eeusch, belong to the 
monodinic system, and exhibit the combination ooP. ooEoo .OP. poo . — iP, with 
tabular development in the direction of the clinopinacoid. Axial ratio a : b: c = 
0*8005 : 1 *. 1*1954. Angle ac=119° 16'. Tho plane of tho optic axes coincides 
with the plane of symmetry. In its chemical relations, bromhydroxypiperido agrees 
almost exactly with dibromopiperide ; it has no acid properties, but is gradually 
decomposed by alkalis, with reddening and formation of piperonal. 

When piperic acid is treated with an ethereal solution of bromine, and the product 
is shaken up with aqueous sodium carbonate, small colourless nacreous laminae 
separate, which were formerly supposed to have the composition COTBr^O® (vi. 936), 
but have been shown by later experiments to consist of the sodium salt, 
O^WBr‘‘NaO®+ IJH'^O, of an acid, 0 ^ 231033 . 105 ^ which maybe regarded as a derivative 
of the saturated compound, (piperJ^ydronic acid), and named tetrabrom- 

hpdroxi/piperh^dronic acid. This acid, separated from the solution of the sodium salt 
by hydrochloric acid, is almost insoluble in water, crystallises from dilute alcohol 
in small transparent crystals, begins to decompose at a temperature above 100 °, and 
melts with violent decomposition at 155°. When drenched with aqueous sodium 
carbonate, it is instantly converted into the sparingly soluble sodium salt, but turns 
yellow after prolonged contact, and decomposes on boiling, with formation of mono- 
hromopiperonal. Tne calcium salt, (G^2i393].4Q5j20a, + 2jEi2O, separates on adding 
calcium chloride to a dilute solution of the sodium salt, in small white shining spar- 
ingly soluble laminse. The barium salt, (0‘2H^BrO®)2Ba+ SH^O, resembles the sodium 
salt, but is still less soluble. Both these salts become anhydrous at 90°. 

By subjectii^ tetrabromhydroxypiperonic acid to the regulated action of sodium 
carbonate (as in the preparation of bromhydroxypiperide from dibromopiperide, 
p. 1631), it is possible to obtain a compound intermediate between that acid and its 
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ultimate product of decomposition, monobromopiperonal This campouud, dihmn- 
}iyd70xypi]peride. separates from the ethereal solution on spontaneous 

evaporation, in large T^ell-defined prisms ; it is but slightly soluble in water, more 
soluble in alcohol and ether. It is not an acid, and is not attacked by solution of 
sodium carbonate at ordinary temperatures, but is converted thereby on heating into 
monobromopiperonal. 

Tetrabromhydrosypiperhydronic acid may be deriv'ed from the tetrabromide of a 
bromopiperie acid, CB[=<^Q^C‘^H-Br.C^H^Br^COOH, and its constitution may be 
represented either by the formula 

CH=<;;^>C'H^Br.OHBr.CH(OH).CHBr.CHBr.COOH, 
or by CH2<^>C'H=Br.CHBr.CHBr.CH(OH).CHBr.COOH; 


and that of dibromhj’droxypiperide by either of the corresponding forraul® 

Cff<;^>C=ffBr.CHBr.CH(OH).CH=:Ck;^^^ 


CH=<;Q>C“H^Br.CHBr.CH=C(OH).OH<^' 


.0 

I 

CO 


Monobromopiperonal, heated with potassium permanganate, is converted into 
monobromopiperonylic acid, C®H®BrO^ which crystallises well, melts at 204®- 
205°, and sublimes without decomposition. 

Action of Bromine 07i Bydrojpiperic acid, — This acid, treated with bromine 

in the manner described for the preparation of tetrabromopiperhydronic acid from 
pipericacid (p. 1631), is converted into dibro mopiperhy dr onic acid, C^-H^^Br^O^, 
which is insoluble in water, sparingly soluble in carbon sulphide, easily in ether, and 
separates therefrom in small colourless crystals, melting at 135°-136°. It decom- 
poses at about 150°, and suffers partial decomposition on solution in warm alcohol ; 
dissolves easily and without decomposition in cold aqueous sodium carbonate, but is 
decomposed on boiling therewith, without, however, yielding piperonal. When heated 
with caustic soda- solution, it does not yield either piperonal or any other volatile 
body, but the solution when evaporated deposits sodium piperate. From this reaction 
of the dibrominated acid — which is analogous to that of the corresponding brominated 
acids of the acrylic series — it follows that hydropiperic acid has the constitution 

represented by the formula CH2 <^q^C®H^CH 2 CH2.CB[=CH.C00H, the second pos- 
sible formula being excluded by the non-production of piperonal by the action of 
alkalis on this acid — which is inconsistent with the attachment of bromine to the 
CH-group directly connected with the benzene-nucleus. This formula is, moreover, 
in accordance with the action of melting potash on hydropiperic acid, whereby proto- 
catechuic and acetic acids are produced, but no butyric acid. In this reaction, a 
dihydroxyptienylpropionic acid, C°H^(OH)- CH^.CH^.COOH, is perhaps first formed, 
and afterwards resolved, like similar acids under the influence of potash, into the two 
acids above mentioned. 


PXPXSRXBXM'X:, C^H“N. This base is formed, together with pyrethric acid, by 
the action of alcoholic potash on pyrethrin, a crystalline substance obtained from 
Radix Ryrethri (E. Bucbheim, N. Bey. Rharm, xxv. 335). 

Piperidine is not decomposed by fuming hydrochloric acid at 300°. Its hydro- 
chloride combines directly with bromine to form a crystalline addition-produet, which 
rapidly decomposes even at the ordinary temperature. On heating this bromine- 
compound, or a mixture of bromine and piperidine hydrochloride, in sealed tubes at 
200^^, hydrobromic acid and a small quantity of bromoform are produced, and on the 
addition of water to the contents of the tubes, a substance having the composition 
C^H^Br-EO separates out in crystalline plates. The crystals are almost insoluble in 
cold water and ether; they dissolve in ammonia or soda-solution, hut are reprecipitated 
by dilute acids. They are decomposed by heat without melting. When platinic 
chloride is added to a solution of this substance in strong hydrochloric acid, the 
ylaiinochloHde, 2(C^H®Br^EO.PiCl)PtCP, is deposited in long needles, which are 
decomposed by water. The siher salt, C^H^AgBr'^NO, is a sparingly soluble crystal- 
line powder ; the methylio ether, C^E“(CH®)Br“hfO, crystallises in white needles, 
which melt at 192°. 

The existence of these compounds seems to indicate the presence of a hydroxyl- 
VoL. VUI, 5 E 
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group in the piperidine derivatives, e.g. C*H“Br2(OH)N ; C®H-Br-(OAg)N (A. W. 
Hofmann, Ber. xii. 984), 


PIPBR 13 >Trii-«-AliJ 0 LWriWIS or PIPBBlBYXi-a-PROPIOWtC ACXB, 

C^H^*N02=CH® — — COOH, is prepared by digesting ethyl a-chloro- 
propionate for twenty-four hours at 100° in a sealed tube with excess of anhydrous 
piperidine. The product, consisting of piperidyl-a-alanine and piperidine hydrochloride, 
is boiled with barium hydrate to remove the piperidine, the barium is precipitated by 
sulphuric acid, and this acid by lead hydrate. The filtrate, when evaporated, leaves 
piperidyl-a>alanine, which crystallises from water and alcohol in prisms, and is pre- 
cipitated from its alcoholic solution by ether, as a white syrupy mass convertible by 
trituration into a granular powder. It is tasteless and scentless, has a neutral 
reaction, and forms crystallisable salts both with bases and with acids. It does not 
form a stable compound with platinic chloride, but on mixing its aqueous solution 
with cmriG chloride^ evaporating, dissolving the residue in alcohol, and evaporating the 
solvent, after filtration from separated gold, an aurochloride is obtained in stellate 
groups of needles, very soluble in water, less soluble in ether, imSbluble in chloroform. 
By the influence of light and heat, it is partially decomposed, with separation of gold 
(J. Briihl, Ber. ix. 34). 

FXFZSRZlflrz:, For the extraction of this alkaloid from pepper, and 

its estimation, the following method is recommended by L. Cazeneuve a. Caillot {Bull. 
Soc. Ghim. [2], xxvii. 290). Ground pepper is treated with twice its weight of slaked 
lime and a sufficient quantity of water, the whole being heated to boiling for a quarter 
of an hour. The solution is then evaporated to dryness on the water-bath, and the 
powder exhausted with commercial ether, from which the piperine can bo obtained 
nearly pure on evaporation in large crystals of a faint straw-yellow colour. To obtain 
it perfectly pure, it must be dissolved in alcohol and rocrystallised. Tho crjrstals 
obtained from the ether are, however, quite pure enough for determining 
the amount of alkaloid in the pepper. For this purpose, it is best to operate on 
10 grams of pepper, and dry the piperine obtained from the ether solution at 100 : 


Sumatra pepper 
Black Singapore do. 
White do. do. 
Penang do. do. 


. gave 8'1 per cent piperine (mean) 
. „ 7-15 „ 

. „ 9-15 


The superior richness of the white Singapore pepper in piperine is due to tlio 
absence of the inactive pericarp. 

On the estimation of Piperine, see also Plant-barks, 

FXFBBOirAi:i. On the formation of this aldehyde from tetrubrompiporhydronic 
acid, see Pipbeic Acid (p. 1631). 

The vapour-density of piperonal has been found by W. Knocht (Ber. x. 1274) to 
be 5T81, agreeing nearly with the formula C®H®0® which requires 5*20. 

FXFBR01VYX.IC ACZB, C«H«0‘ = CH^C^^^C^HS—COOH. Mctkjlme-profo- 

caiecJiuic acid (p. 291). — This acid is a constituent of Coto-hark (p. 573). To obtain 
it therefrom, the hart previously extracted with ether, is digested with milk of lime ; 
the alkaline solution is acidified with hydrochloric acid, and agitated with ether ; and 
the residue obtained on evaporating the ethereal solution is dissolved in hot alcohol, 
which on cooling deposits the piperonylic acid as a white crystalline powder, melting 
at 229°, and beginning to sublime at 210°. Piperonylic acid dissolves in cold con- 
centrated sulphuric acid, forming a yellow solution, which rapidly turns brown, and 
finally black, no gas being evolved during the process. Water produces in the yellow 
solution a yellow, and in tlie black solution a black precipitate, the filtrate in each 
case containing protocatechuic acid. 

Mielch a. Fittig, by oxidising piperonylic acid with nitric acid, obtained oxalic and 
carbonic acids ; but when concentrated nitric acid is allowed to act on the acid for a 
few minutes only, a mixture of nitropiperonylxc acid and raethylene-mononitro- 
catechol is formed. When piperonylic acid is added in small quantities to fuming 
nitric acid cooled to 0°, carbon dioxide is given off, and methyl enedinitrocatechol 
is produced. In each case the nitro-products are precipitated from the acid mixture 
by the addition of caustic soda. 

Miropiperonylic or Meth/lene-nitroprotocatechm add, 0‘*H®(NO“)O^ crystallises in 
yellow scales (m. p. 172°), which dissolve easily in water, and on the addition of 
caustic soda or potash to the aqueous solution, a yellow coloration is produced which 
turns blood-red on boiling. With ferric chloritle no change is produced. This acid 
is monobasic ; it forms well- crystallised salts, which burn vigorously when ignited 
(Jobst a. Hesse, Ber. xi. 1031). 
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PZXTACA^. Se^ Pyrcjgallol. 

PXVAXkZC ACZB, C-Hi®0- = C(CH3)a.C00B:. See Pentoic Acids (p. 1501). 

PZi.a.GZOCZiASB. IHcliniG Felspar. See Pelspar (pp. 770-775). The graniilar 
plagioclase, occurring in the limestone strata of G-eppersdorf near Strehlen, in Silesia, 
has been described and analysed by E. Schumacher {Jahrh.f. Mm. 1878, 814; CJiem. 
Soo. J. xsxvi. 903). 

FXiAM’T-BA.SZSS. The following method for the estimation and separation of 
plant-bases or vegeto-alkalo'ids, differing in sereral points from the well-known Stas- 
Otto method (i. 125), is given by Dragendorff (JPharm. J. Trans. [3], vii. 24). 1. The 
substances under examination are exhausted with water, and a small quantity of 
sulphuric acid (instead of tartaric acid and alcohol) ; the resulting solution is partly 
neutralised with magnesia and evaporated; and the syrupy residue is treated with 
alcoliol mixed with dilute sulphuric acid. The alcoholic Mtrate is freed from alcohol 
by distillation, and the aqueous residue is filtered, with addition of water if necessary, 
and shaken up at 4l)° with petroleum- ether, which takes u-p piperine^ to be recognised 
by its reaction with strong sulphuric acid (blood-red coloration disappearing on 
addition of water, ir. 658). 

2. The remaining aqueous solution is nearly neutralised with magnesia or ammonia 
and agitated with benzene, which takes up caffeine, delphinine, colchicine, cuhebine, 
digitalin [which is not an alkaloid], and traces of veratrine, physostigmine, and 
herherine. Among these bodies, ca&ine may be recognised by its reaction with 
chlorine-water and ammonia (or hydrochloric acid and potassium chlorate), giving the 
colour of murexid ; digitalin by the red colour of its solution in strong sulphuric acid, 
changing to yellow or greenish on dilution with water (ii. 329 ; vi. 546) ; veratrine 
by the yellow colour which it gives with sulphuric acid, changing to crimson and 
ultimately to violet (v. 996). Solutions of colchicine and berberine leave on evapora- 
tion yellow residues, the former dissolving in strong sulphuric acid with dark yellow, 
the latter with olive-green colour, disappearing on evaporation, and leaving the liquid 
colourless. Colchicine and berberine may also be distinguished by their reaction 
with iodine, colchicine yielding with tincture of iodine a kermes-brown precipitate 
(i. 1081), while an alcoholic solution of a berberine salt, mixed with a dilute solution 
of iodine in potassium iodide, avoiding excess of iodine, deposits green spangles of 
a polarising salt resembling sulphate of iodoquinine (vi. 340). Delphinine is coloured 
light brown by sulphuric acid. Physostigmine is not coloured by sulphuric acid 
but may be recognised by the contraction of the pupil which it produces. 

3. The slightly acid liquid is then shaken up with amyl alcohol, which takes up 
theohromine, as well as traces of narcotine, aconitine, and atropine [theobromine may 
be recognised by its property of gradually dissolving in water with yellowish colour, 
changing to blue on addition of ammonia ; also by dissolving without colour in strong 
sulphuric acid] ; and the residual aqueous liquid is treated with chloroform, which 
takes up from it papamrine and thehaine, together with small quantities of narceine, 
brucine, physostiginine, herherine, veratrine, and narcotine. Papaverine is recognised 
by the blue-violet colour which it gives with strong sulphuric acid ; thehaine by the 
red colour which it gives with the same reagent. 

4. The liquid separated from the chloroform extracts, instead of being made 
alkaline with soda-ley to separate morphine (as in the Stas-Otto method), is treated 
for that purpose with ammonia, which is added to it under a layer of petroleum-ether 
at 40°, the vessel being shaken immediately after the liquid has become alkaline. 
The petroleum* ether then dissolves strychnine, brucine, quinine, enietine, veratrine, 
conine, nicotine, papaverine. Nicotine and conine may be dissolved out by water, 
and from the aqueous solution, after neutralisation with sulphuric acid, nicotine is 
precipitated by potassio-cadmic iodide in small crystals, conine in the amorphous 
state ; the other bases, freed from petroleum ether and dried, are treated with ether, 
which takes up quinine, emetine, papaverine, and veratrine. Prom this mixture, the 
veratrine may be separated by dissolving the whole in the smallest possible quantity 
of dilute sulphuric acid, and precipitating with sodium carbonate, whereby only 
quinine, emetine, and papaverine are reprecipitated. Strychnine and brucine may be 
separated by means of alcohol, in which strychnine is nearly insoluble. Emetine is 
recognised by its action on the organism, the other alkaloids by known reactions. 

5. The alkaline aqueous solution is next treated at 40°-50° with benzene, whereby 
quinine, cinchonine, atropine, hyosoyamine, aconitine, physostigmine, and codeine are 
removed. Cinchonine remains behind on evaporating the solution of these bodies to 
dryness, and exhausting the residue with ether ; on evaporating the ethereal extract, 
dissolving the residue in very dilute sulphuric acid, and mixing the solution with a 
slight excess of ammonia, quinine and aconitine are precipitated, whilst atropine, 

5 N 2 
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hyoscya^ine, and codeine regain ^ 

by dissoh-ing them in a yery Id W remaining solntio5, after 

chloride, J^J^f^tThyS^gln sulphide, the aconitine may be dissolved out by 

remoTal of the pUtmxim oy nyu og f hvoscyamine, which it resembles in 

dichromate and sulphni 10 acid. present in the alkaline aqueous residue are 

6. The bases if of raoreciKe, together with traces of 

morphine, aolamM,miran7ie, ^ j solanine, together with a small quantity 

Uerine, ““SCeSatS acid, heating to 50°-60< 

of narceine. “f Z with a layer of amyl alcohol, then adding excess of 

covering f^^^KrWne then mwstaUises out from the amyl-alcoholic 

ammonia and agitating. J.h p Houid cools. Curarine, with traces of 

solution, and the solanine gela in . separated from the last aqueous liquid 

berberine ^vness^^th poim^d glass, digesting with alcoKbl, and evaporating, 

by evaporating todrynessmthpoim^agiasa^^^^^^^ characterised by being for 

this treatment s by giving with sulphurfo acid alone a fine blue 

potaasium Lhromate a violet colour 

theSSuKreSusV^^^ also Selmi (p^ 56 of this volume). 

•oTsAisrT-COliOtJRS. The following ohservaUons by H. C. Sorby (Proc. 
o rAlfltG to those vegetable colouring matters, soluble m carbon sulphide 

■n^'n'cn vS 0 Us Sh appear to he of the greatest importanco to the Me of 
Thev are div’ided into Lven groups, according to their origin, mode of 
plants. They are aivm ^ Of these, the most important and most 

oecumnc^ imd e^fiorophyl 1-group, consisting of three substances 

products, f Tu.;, natural state • very quickly decomposed by direct suu- 

respective subs auces m their ’subsL^ces aro : a. Mine chlorophyll, th, 

light “tact with the air blue-grcen colour and throe strong 

Tsc Jtionl^'S in tL reV. the least rofrangiblo being the strongest of tho throe. 

absorption-bands in tne iei. t -ssciitiallv of a broad black band between the 

^ndTeTiolet S can Tsetn only in a moderately pure solution, with very 
clear davltht h. Vcaiw chlorophyll, which cannot he isolated, but is easily recogms- 
clear dayilgnt. rireceding Its solution m benzene exhibits m tho red an 

^WntirbaX^ew^^^^ rod end than the principal band of blue 

chlorophyll and a second much fainter in the orange ; there is also a broi^ and stioiig 
chioropnyu, whole of the blue being absorbed. With alcohol 

.Svent the ablp^^^^^^ all those three bodies are shifted towards tho 

as a solvent, the P the first hand of yellow chlorophyll becomes 

™”ftat irmixtm-es it becomes confounded with that of the blue chlorophyll, 
broader, so . • fregb-water Alg«, may bo obtained in tho pure state and 

of a vellow-men colour. Its spectrum shows two dark .absorption-bands, one liotwoen 
1 iS a7d?Z-“her between tho orange and yellow. The wholo of the green 
the led <i'?“ ° « ’ , pfue is out off, and when the solution is dilute, 

a brmid™and somewhat obscure hand may be soon by very clear daybglit in the 
of the blue The fluorescence-spectra of these throe substances aro distingu^hcd iron 
fie another still mfe clearly than the absorption-spectra, by a greutor difference n 
Z ns 5 th” narrow b^t red bands. The three members ot the ehlorophyll- 

mrfre def mposed with ^eater or less facility by acids, each givina rise to a 
diffSent pTOduct? so that, though they have many generic properties in common, 
they mus^he regarded as well-marked species, and not in any way as more accidental 

modifications of the same substance. „ n . „ „ ,i,„ 

2 The Xanthophyll-group comprises a large number of substances, the 
followino- six of which are commonly met with in leaves nr fronds or in They 

all f Mbit two conspicuous absorption-bands in the groon or blue, beyond yhidi the 
aiiexmmxT F .. .. alcohol as a solvout, those bands are shifted 

furthOTtowards the violet. The bands are not immediately altered by weak acids or 
IlMi”- Mrf hlorie acid slowly decolorises the alcoholic solution Light docomposos 
it more’ reS in proportion as the absorption-hands are more shifted towards the 
red end The suLtances a to « are so arranged that the two absorption-bands in 
each L are shifted towards the violet end more than those in the 
preceding; in the first they are situated in the green ; in the fifth at tho green f-nu 
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of the blue. a. Fhycoxmthin : the solution in carbon sulphide has a fine crimson 
colour, the alcoholic solution is yellow, b. FezhamntUn : orange-yellow, obtained 
from Feziza aurantia. c. Orange Xanthopkgll: a very widely diffiised colouring 
matter; the solution in carbon sulphide has a faint reddish orange colour.^ d. True 
Xanthoyhgll : faint orange-yellow, e. Yellow Xanthophjll : obtained especially from 
yellow flowers ; the solution in carbon sulphide is lemon-yellow, f. Fucoxanikin : 
the chief colouring matter of the olive-coloured Algae ; its solution in carbon sulphide 
has an amber colour ; the spectrum is intermediate between those of c and d ; alcohol 
produces much less increase of refrangibility in the hands ; the substance is also less 
easily decomposed by light. 

3. Lichnosanthin-group: spectra without bands, but with more less extended 
absorption of the blue end ; much less affected by light and by acids than the two 
preceding groups : a. Orange Licknoxanthbi : the absorption extends over the blue 
and green, and shades off as far as the yellow, b. True Lichnoxanthin : orange- 
yellow ; the absorption ends suddenly in the middle of the green, c. Yellow Lichno- 
xanthin : the absorption does not extend quite so far into the green. 

4. Phyeocyanogen-group ; Soluble in water, a. True Fhycocya7iogen.,'mOa 
a distinct absorption -band in the orange, and a narrow one in the red, imparting to 
the solution a very intense red fluorescence, b. Crimson Fhycacyanogefii : the chief 
absorption-band lies between the yellow and green ; a second broad band exciting 
fluorescence in the orange. 

5. Phycoerythrin-group: soluble in water and non-fluorescent ; a. Crmison 
Fhycoerythmi has an absorption-band at the yellow end of the green, b. Bed Fhyco- 
erythrin has an absorption-band at the blue end of the green. 

6. Erythrophyll-group: soluble in water, insoluble in carbon sulphide ; these 
bodies appear to be not essential constituents of leaves, but merely occasional products. 
Their number is considerable, but the conditions of their existence are as yet but 
little known ; they are but slightly affected by light. 

7. Ohrysotannin-group: pale yellow aqueous solutions, slowly altered by light ; 
their oxidation-products yield the autumnal yellow of leaves. 

Crystallised Chlorophyll.— X Gr‘a.uiiBT: (in 1877) obtained pnre crystallised 
chlorophyll by the following process. The green leaves of spinach and cresses are 
bruised in a mortar, with addition of sodium carbonate, so as to neutralise the acidity 
of the juice, and then pressed ; the solid residue is suspended in alcohol of 65°, 
again pressed, and the process is repeated with alcohol of 83°, whereby chlorophyll, 
wax. fats, and pigments are dissolved. The liquid is then filtered, and shaken with 
pure animal charcoal, the green colouring matter being thereby absorbed after Sf'veral 
days ; the charcoal is washed with alcohol of 65°, which removes a yellow crystailis- 
able substance, and then washed with dry ether, or light petroleum, whereupon the 
chlorophyll dissolves, and is deposited in dark-green crystals by slow evaporation. 

Chlorophyll thus prepared forms needles about half a centimeter long, of soft 
consistence, and turning yellowish- or greenish-brown on keeping. Some of the 
smaller crystals transmit green light, and some lilac. The crystalline form appears 
to he an oblique rhomhoidal prism, the rhombohedral angle being about 45°. Chloro- 
phyll presents a striking analogy to bilirubin ; it is soluble in the same solvents; it is 
removed from its solutions by animal charcoal, and may be recovered^ by treat- 
ment with ether or petroleum ; it forms salts with bases ; is easily oxidised in presence 
of light; undergoes numerous changes accompanied by alteration of colour; and 
combines directly with nascent hydrogen. When digested with hydrochloric acid, it 
splits up into phylloxanthin, a brown substance, crystallising from ether or hot 
alcohol, and Eremy’s phyllo cyanic acid, an olive-green substance, soluble in 
alcohol and ether, and forming salts with bases. Chlorophyll prepared as above is 
perfectly free from iron (G-autier, Compt. rend. Ixxix. 861). 

A crystallised substance, called ‘ chloropbyllane,’ apparently identical with Gautier’s 
crystallised chlorophyll, has lately been obtained, together with erythrophyll, by 
Hoppe-Seyler ifier, xii. 1556) by treating grass-leaves previously freed from wax by 
digestion in ether, with hot alcohol. The analyses of the two substances by Gautier 
and Hoppe-Seyler give the following results : 

C E 3Sr 0 P Mg ' Ash 

Cryst. chlorophyll . 73*97 9*80 4*15 10*33 — — 1*75 Gautier 

Chloropbyllane . 73*4 9*7 5*62 9*57 1-37 0*34 -- Hoppe 

Decoloration of Green Leaves in Bright Experiments by 

J. Boehm {Landw. Vers.-St. xxi. 463) show that the green leaves of the scarlet runner, 
when exposed to bright sunshine, are first bleached, then become brown, and acquire 
a metallic lustre, and finally perish : further, that the underside of the leaf is much 
more sensitive to light than the upper. 
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On the Change of Colour of Leaves in Autumn, see Kraus {N, Rep. Pharm. xxii. 
273; Jakresb.f. Chem. 1873, 842), 

Alteration of the Colours of Flowers. — B. S. Martin {Aimr. Chem. yii. 300) 
observes that the changes in the colours of the petals of certain flowers are in some 
way dependent upon atmospheric moisture. The petals of the dark blue variety of 
Ipomm purpurea turned red in damp air, and when they were exposed to rain, sharply 
defined spots were formed upon them, red at first, but afterwards turning white. 
These changes are attributed by Martin, on the ground of special experiments, to an 
acid substance present in the air. 

Diffusion of Plant-colours. — These colouring matters exhibit considerable 
diversity in their modes of difhision when the organs containing them are immersed in 
a saturated solution of borax. The dissolved colouring matters diffuse rapidly, a rod 
flower of Antirrhinum majus becoming in a few days transparent and colourless, like 
glass, whereas solid colouring matters, or those which are deposited in granular form, 
diffuse in a borax solution either very slowly or not at all ; the ^common marigold 
{Calendula offiainalis) retains the yellow colour of its flowers and the green of its 
leaves even when immersed in borax-solution for a year. When dissolved and 
granularly deposited colouring matters occur together in a plant, they may be separated 
by diffusion ; thus the violet colour of Iberis amara diffuses quickly, giving place to a 
previously invisible greenish-yellow colour. The petals of Pelargonium roseum quickly 
lose their red colour by diffusion, and acquire a violet tint due to a granular colouring 
matter. The red leaves of a variety of Airiplex hortensis, which, according to Saussure’s 
observations, give off oxygen like green leaves, also contain chlorophyll, the presence 
of which may be demonstrated by a diffusion experiment. The Phridem likewise 
contain chlorophyll in addition to a red colouriug matter which difiuses easily in 
borax-solution. The one-celled algm, whether green or red, contain only granular 
colouring matters ; the Diatomacece contain an easily diffusible yellow colouring 
matter, phylloxanthin, together with chlorophyll. The roots of a fresh plant of Lemna 
dipped into the juice of Phytolacca deoandra did not take up any of the colouring 
matter of that plant, but the colouring matter of a drop of fresh blood was readily 
absorbed by a leaf of Drosera rohmdifolia (J. B. Schnetzler, N. Arch. ph. nat. lx. 388). 

PXiiLN'T-MUCIXiAGB. The mucilage of quince-pips, linseed and fleabane seed, 
has been examined by Kirchner a. Tollens {Liebig's Annaleh, clxxv. 205). To obtain 
it, the material was digested with water for four hours ; the viscid mucilage thereby 
obtained was passed through a hair-sieve, then boiled, filtered through linen, concen- 
trated by evaporation, acidulated, and precipitated with strong alcohol ; and the 
precipitated mass was successively treated with acidulated and with pure alcohol, then 
repeatedly with ether, and finally dried over sulphuric acid. 

Quince-mucilage thus prepared is greyish-white and swells up, when soaked in 
water, to a gelatinous mass, forming a mucilaginous solution only on the addition of a 
small quantity of potassium hydrate. It still contains 4 to 5 per cent, of mineral 
matter, and on analysis gives numbers corresponding with the formula 
When it is boiled with dilute sulphuric acid, white flocks are precipitated, and sugar 
and dextrin or gum are produced. Trom the results of numerous carefully conducted 
quantitative experiments, it would seem that the flocculent precipitate of cellulose is 
nearly constant after the first half-hour, however long the boiling may bo continued ; 
but the percentage of gum gradually decreases, whilst that of the sugar increases 
within certain limits, showing the conversion of the former into the latter. The gum 
is optically dextrogyrate ; the sugar, which reduces cupric solution, is dextrogyrate. 
The flocculent precipitate, amounting to about 36 per cent., gives with iodin*e the 
reactions of cellulose, but in the analysis the carbon comes out slightly higher than 
that required by the formula This is probably due to the presence of some 

impurity similar to the compound found in fir-wood by J. Erdmann {ibid. Suopl. 
V. 223). 

Linseed-mucilage. — Linseed treated in like manner gave numbers correspond 
ing with the formula or the same as that of cellulose. When boiled 

with dilute sulphuric acid, it decomposes like quince mucilage, but with much greater 
difficulty, gum and sugar being formed, and the former being gi’adually converted into 
the latter by long-continued boiling. The insoluble residue is very much smaller than 
with quince mucilage, being only about 4 per cent. 

Pleabane-mucilage has .the formula Boiled with acids, it decomposes 

like the other mucilages, yielding gum and sugar, but in this instance, by long-con- 
tinued boiling, the gum is completely converted into dextrorotatory sugar. 

Erom these results it is inferred that in quince mxicilage the cellulose exists in 
combination with the gum, since no cellulose can be distinguished as such by micro- 
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scopical examination ; and as the two substances exist in the ratio 1 : 2, it is most 
probably a true chemical compound : — 

^ 2C«H‘»05 « + H^O. 

Cellnlose. (xum. Mucilage. 

It has yet to be determined whether the other two mucilages are distinct, or whether 
they are compounds of cellulose and gum in the proportion 1 : 2, mixed with excess 
of gum : the different behaviour of the fleabane mucilage when treated with acid from 
that of the quince would, however, seem to preclude this view. 

PXiANTS, BBSFZBA.TXOir AWB xartrTHZTZOUr OP. Formation of 
Oxygen hy Leaves. — From experiments by I. Boehm {Ber. vi. ooO), it appears that 
the formation of oxygen by green leaves immersed in carbonic acid water does not 
result from the direct assumption of absorbed carbon dioxide by the chlorophyll- 
bearing cells, but that the leaves first become covered with an atmosphere containing 
carbon dioxide, and then act as under normal conditions. This conclusion is 
based upon the follo^ng facts : 1. Leaves of Juglans and other plants immersed in 
water containing carbonic acid, give off but little gas on exposure to sunshine if the 
bubbles which form on them are removed as soon as they appear. 2. The evolution 
of gas ceases when the absorption-coefficient of the water for carbon dioxide is in- 
creased by lowering of temperature or increase of pressure, whereas gaseous CO“ is 
decomposed under similar conditions. 3. The separation of gas likewise ceases if the 
leaves before the experiment are injected with water, and the conditions which induce 
the formation of bubbles upon them are thereby lowered. Injected leaves of land- 
plants, however, when placed in an atmosphere of carbon dioxide, still give out a large 
quantity of oxygen. 

Experiments on the decomposition of carbon dioxide by the green leaves of land- 
plants, in mixtures of that gas with hydrogen, showed that the quantity of oxygen 
produced is always greater than that of the carbon dioxide which disappears. This 
excess is due to the fact that the living tissues of land-plants, placed in an atmosphere 
free from oxygen, continue to give off carbon dioxide as long as they live, the quantity 
of that gas thus evolved depending especially on the temperature. This evolution of 
carbon dioxide by living plants in an atmosphere free from oxygen is regarded by 
Boehm as analogous to the processes which may be observed in beer-yeast, especially 
in its spontaneous fermentation, the organisms excluded from access of oxygen then 
acquiring the forces necessary for their vital processes by ‘ internal combustion.’ 

Experiments by Boehm {Liebig's Amialeji, clxxxvi. 248) on the elimination of 
oxygen from green twigs under boiled water in sunlight have led to the following 
results : 

1. When green twdgs of woody plants, such as privet, are enclosed in a limited 
atmosphere containing oxygen, in the dark, there ensues at first a diminution, but 
atterwards an increase, in the volume of the enclosed gases ; and this increase takes 
place before tne oxygen present is completely absorbed, 

2. The diminution in the volume of gas which takes place when green twigs are 
enclosed in an atmosphere containing oxygen, in ffiint light, is not due to assimilation 
of oxygen, as in the germination of seeds rich in oil, but is caused by absorption of 
carbon dioxide formed in normal respiration. 

3. When portions of fresh plants are enclosed in an atmosphere of carbon dioxide, 
there takes place at first a diminution (contrary to Saussure’s statements) and after- 
wards an increase in the volume of the gas, due to internal respiration, 

4. The absorption of carbon dioxide by fresh plants is not due to the action of 
cellular liquids {Zellsaft) exclusively, since it takes place also in twigs pre\iously 
dried at 100°. 

5. When fresh green shoots of privet are exposed to sunlight, under boiled water, 
they give off more oxygen than corresponds with the volume of air contained in them. 
This oxygen is for the most part derived from carbon dioxide formed in the shoots hy 
internal respiration. In prolonged experiments the evolution of oxygen becomes 
slower and slower, and after 3 or 4 days ceases entirely, although the shoots still 
appear fresh and sound. After a week, however, the shoots begin to turn brown, and 
butyric fermentation sets in. 

Certain fleshy plants, as Bryoyhylhim calycinum^ Crasszda arhoresceiis, Semper- 
vivum Cotyledon, when exposed to light, give off oxygen even in an atmosphere free 
from carbon dioxide, this effect being due to the deoxidation of an organic acid 
(probably an isomeride of malic acid) ; in several experiments, the juice of the 
plants, after the elimination of o:^gen, was found to be slightly alkaline. Leaves of 
Bryophyllum and Crassula kept in the dark till nearly all their starch had disappeared, 
and then exposed to light in an atmosphere free from carbon dioxide, again became 
charged with starch, whence it may be inferred that the reducible acid was in this 
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case eonrerted into a earboTtydrate (A. Mayer, Ser. viii. 1088; Laiidw. Vers. -St. 
xxi. 277). 

Absorption of Oxygen, and Formation of Carbon Dioxide . — The observation 
that green leaves in the dark take up oxygen and give off carbon dioxide, and that 
the amount of 00^ thus given off increases with the temperature, has been confirmed 
by Deherain and Hoissan {CompL rend. Ixxviii. 1112). They find that the volume of 
carbon dioxide given off, especially at low temperatures, is less than that of the 
oxygen absorbed, and thence infer that this part of the absorbed oxygen is used for 
the formation of oxalic and other vegetable acids. Finally, they show that the loaves 
still continue to give off carbon dioxide, even after all the oxygen of the surrounding 
atmosphere has been removed. 

Corenwinder {Qompt. rend. Ixxxvi. 608) observes that young leaves take up 
oxygen and give out carbon dioxide even in daytime, whereas old leaves give 
off no carbon dioxide during the day. Cherry-laurel leaves dried at 100° were found 

to have the following composition : p. 

Young leaves Old leaves 

Nitrogenous constituents .... 32-47 10*75 

Non-nitrogenous constituents . . . 6T89 ST69 

Phosphoric acid 1*68 0*35 

Lime 0-86 3*80 

Potash, silica 3*00 3*41 

The young leaves, in consequence of their large amount of protoplasm, absorb oxygen 
and exhale carbon dioxide ; the old leaves, on the other hand, contain comparatively 
little protoplasm, but a largo quantity of chlorophyll, which retains and decomposes 
the carbon dioxide produced by the respiration of the protoplasm, so that oxygen is 
evolved. 

In the respiration of water-plants in atmospheric air, loss oxygen is consumed 
than in the respiration of land-plants under similar circumstances. In an indifferent 
atmosphere free from oxygen, carbon dioxide is formed by water-plants, but in smaller 
quantity than by land-plants. Bead water-plants absorb hydrogen gas in considerable 
quantity, apparently in consequence of a peculiar kind of fermentation. In land-pknts 
this absorption of hydrogen has not beeia observed (Boehm, Ber, viii. 752). 

According to IVIercadante a. Colossi (Craz^. ehim. ital. 1875, 32), no carbon dioxide 
is eliminated from the roots of plants, so long as they remain in normal condition, 
this elimination commencing only when the actual decomposition of the roots begins. 
Hence they infer that the carbon dioxide taken uj;) by the leaves hears no relation to 
that given off from the roots ; that the carbon dioxide occasionally given off by the 
roots has no appreciable influence on the solubility of the constituents of the soil ; 
and that, on the other hand, the organic constituents of the soil do not act on the dis- 
solved organic constituents in such a manner as to render them insoluble and incapable 
of absorption by the roots of plants. 

Bespiration in the Ripening Fndts of Poppy and Rape. — The amounts of oxygen 
consumed and of carbon dioxide evolved by poppies and rape at various stages of 
ripeness have been determined by Sabanin a. Laskowsky {Land. Vers.-Ptationcm, xxi. 
194), flowering stems cut as short as possible being used for the purpose. The results 
are given in the following table, where the numbers in the first column indicate the 
order of ripeness, No. I in each case being a flowering-stem taken just after flowering, 
No. VII in the rape-series a stem bearing fully-ripened seed-pods, and No. VIII in 
the poppy-series an over-ripe capsule. The last four columns give the weight in 
milligrams of oxygen consumed and carbon dioxide formed in 24 hours by 1 gram of] 
dry substance. 



Bape 

Poppies 


Oxygen 

CO^ 

Oxygen 

co- 

1 . 

65 

89 

91 


124 

II . 

70 

97 

30 


42 

HI . 

37 

51 

24 


33 

IV . 

14 

19 

24 


33 

V . 

16 

22 

23 


31 

VI . 

20 

27 

20 


28 

VII . 

12 

16 

15 


21 

VIII . 


1 

8 


11 
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It appears from these results that in both plants the consumption of oxygen falls 
off as the fruit ripens. From what is known of the disappearance of starch in these 
plants, it may be inferred that the maximum consumption of oxygen occurs just before 
the disappearance of starch. 

Elimination of Hydrogen from Plants, — According to Selmi {Ga;^z. chim. Hal. 
1870, 32), mildew and larger fungi give off hydrogen, especially on the side turned 
away from the light ; in most eases the hydrogen is bnrnt by the oxygen of the air, 
and part of it unites with atmospheric nitrogen, forming ammonia. Missaghi, on the 
other hand {ibid. 419), finds that the air surrounding a growth of mildew contains no 
free hydrogen. Miintz {Comgt. mid:?.ilxxx. 178) observes that the common mushroom 
{Agariciis camjpestris), in an atmosphere containing oxygen, gives off nothing hut carbon 
dioxide, whereas in an atmosphere free from oxygen, e.g. in nitrogen or carbon dioxide, 
hydrogen is likewise eliminated ; the agaric is then found to contain alcohol, and 
Miintz supposes that, under these conditions, the mannite contained in it is converted, 
with separation ofjhydrogen, into glucose, which is further split up into carbon dioxide 
and alcohol. The same reaction was found to take place in beer-yeast. 

According to Pollacci {Gazz. 1875, 451 ; 1876, 258 ; Per. ix. 84), hydrogen is 
evolved not only from fungi, but from all plants, and in the case of sulphured vines 
this hydrogen gives rise to the formation of hydrogen sulphide, which kills the didium. 
The evolution of hydrogen is most abundant on those parts of the plant at which 
vegetation is most active. 

Absorption of Nitrogen. — K comparison made by Grandeau {Inst. 1875, 110) of 
the researches made in late years on the origin of the Nitrogen of Plants, points to 
the conclusion that the soil does not possess the power of bringing the nitrogen of the 
atmosphere into a form in which it can be assimilated by plants, and that the nitrogen 
in the soil which is capable of assimilation is of animal or vegetable origin. 

G. Villes {Chem. News. xxx. 278, 287) infers from experiments in which soils were 
manured with various nitrogen and phosphorus compounds, viz. nitrites and nitrates, 
ammonia, methylamine, ethylamine, urea, ethyl-urea, tetramethylammonium chloride, 
oxamide, dimethyloxamide, diethyloxamide, potassium cyanate, ammonium oxalate, 
phosphates, phosphites, and hypophosphites, — that the produce depends not only on 
the quantity of nitrogen and phosphorus employed for manuring, but also very 
materially on the mode of combination in which these elements are present. See also 
C. A. Cameron {ibid. xxxi. t). 

Absorption of Ammonia.— Exi^eriments with various plants have been made by 
A. Mayer {Landw. Vers.-St. xvii. 329), with the view of determining whether ammonia 
is absorbed by the aerial parts of plants. For this purpose, ammonia was presented 
to the plants, partly in the gaseous form, partly in solution as ammonium carbonate, 
while the roots received none. The experiments led to the following conclusions : 
(1). Plants of the higher orders are capable of absorbing ammonia presented to their 
green organs, either in the gaseous fonn or as carbonate dissolved in water. (2). This 
absorption of ammonia is not purely mechanical, but leads, under favourable circum- 
stances, to a physiological action ; it is, in fact, a form of assimilation of nitrogen. 
(3). The nutrition of a plant by ammonia thus absorbed may, in the absence of 
other nitrogenous food, be followed by luxuriant growth, and an increased production 
of organic substance. (4). Green plants in all their organs are affected by ammonium 
carbonate in very different degrees, and if the supply of it he too great, the parts of 
the plant affected by it may die off. In the case of very sensitive plants, therefore, 
the demonstration of the assimilation of ammonia may be very difficult or even impos- 
sible. The absorption of ammonia from the atmosphere by leaves is theoretically 
possible, but considering the extremely small proportion of ammonia. in the air, this 
source of supply cannot be regarded as of much practical importance. Papilio7iaGeo%is 
plants, which are generally thought to take up more ammonia from the air than other 
plants, were found in the experiments above described to be particularly sensitive to 
and injured by it, though of course they might absorb it in very dilute form. 

Experiments on the absorption of atmospheric ammonia by the leaves of plants 
have also been made by Th. Schloesing {Compt. rend. Ixxviii, 1700). Two tobacco- 
plants were grown under similar circumstances, excepting that one of them developed 
its leaves in air containing ammonium carbonate, the other in airfree from ammonia. The 
experiment lasted about six weeks, at the end of which time the leaves, buds, stalks, 
and roots were separately collected, dried, weighed, and analysed. The plant grown 
in the ammoniacal atmosphere contained 2-32 per cent., that grown in the nOn- 
ammoniacal atmosphere only T77 per cent, nitrogen. Of the total quantity of 
ammonia which had access to the leaves, three-fourths was absorbed. The ammonia 
had no influence on the amount of nicotine in the plant. 

Absorption of AlJcali- salts. — Peligot {Compt. rend. Ixxvi. 1113) has made 
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e: 2 Cperiments on the growth of beans, with the view of determining whether sodium- 
salts are taken up by plants from the soil. The plants were grown in good garden - 
mould, and those in the several pots were watered with different liquids, viz. snow- 
water, and solutions of sodium chloride, potassium chloride, sodium nitrate, potassium 
nitrate, and magnesium-ammonium sulphate. The analysis of the ash of the full- 
grown plants showed that neither of them had taken up a sodium salt from the soil. 
The ashes of the plants which had been watered with potassium salts were not richer 
in potassium than those which had been watered with ordinary water. 

Interchange of^ Potassium and Sodium in Plants. — Champion a. Pellet {Co 7 )vpt. 
're7id. Ixxs. 1588) infer, from a series of ash-analyses, that potassium and sodium can 
replace one another in plants in the ratio of their atomic weights. 

Absorption of Water md Calcium-salts by the Leaves of the Scarlet-rumier {Phcmolus 
multiflorus) (J. Boehm, Landw. Vers.- St. xx. 51). — Cotyledons of this plant containing 
starch may often be dried to a fourth, or even a fifth of their original weight, without 
entirely losing the power of producing and decomposing carbonic a^id when placed in 
an atmosphere of pure hydrogen. The cotyledons, even when dried to about half their 
original weight, will recover their freshness if immersed, with the exception of the 
stems, in water. Leaves that have been thus revived, dry on exposure to the air 
much more quickly than freshly cut ones. 

Scarlet-runner seedlings, the roots of which have been carefully wrapped in damp 
cloths, the leaves, however, being suffered to dry by exposure to the air, until each 
appears not more than half its former weight, do not revive when placed underneath 
a bell-jar with their roots immersed in water. They revive completely, however, 
when immersed, with the exception of the roots ; when, therefore, a certain point is 
reached, the water necessary for their recovery can be taken up by the leaves only, 
and not by the roots. If a seedling bo cut so that only the two cotyledons remain 
upon the stem, and one of these be dipped beneath the surface of water whilst the 
other is kept exposed to the air, the leaf out of the water will remain quite fresh ; 
but^if both leaves be allowed to dry before the one is immersed, the other will not 
again revive. 

Seedlings of Phaseolm onidtiflorus possess the property of absorbing through their 
leaves not only water, but also the lime salts necessary for their development. 
Carbolic acid, in the proportion of 1 pt. per 1,000, can be added to the water used for 
their nourishment, without hindering growth. 

Absorption of Bicarb opiates. — Observations on the absorption of bicarbonates 
by plants from natural waters have been made by A. Barth^lemy, with the following 
results : 

1. Plants possess one set of roots for the absorption of gas, and another set for 
the absorption of mineral substances in solution. 2. There are two distinct periotis 
in the life of the roots ; of development, previous to the decrease of the bud ; and of 
maturity, when the spongiole, laid bare by the exfoliation of the epidermic tissue, 
exhibits the phenomena of osmose. 3. Plants absorb more water than bicarbonates 
from natural waters, except when the leaves dry rapidly, or at the time of fiowering. 
4. The amount of bicarbonates absorbed is proportional to the amount of exhaled 
water. _ 6. In a water of constant composition , plants appear, during the night, to 
part with some of the bicarbonates _ absorbed during the day, while absorption of 
water takes place. 6. The proportion of the bicarbonate to the water absorbed 
varies with the nature of the plant. 7. "When a plant has absorbed a certain amount 
of bicarbonates, it is able to part with some when placed in distilled water. 8. The 
absorption of bicarbonates has no direct relation to the rapidity of vegetation : this 
absorption therefore does not aid respiration. 9. The roots of plants reject the carbon 
dioxide which serves to keep the bicarbonates in solution. 10. These experiments 
made with healthy plants growing under normal circumstances coincide in many 
points with those made with concentrated solutions and in porous vessels. 

Influence of various Substances on the Germination and Growth 
oj Plants.— 1 . Of Carbon Monoxide. Young sprouts raised in an atmosphere 
of pure carbon monoxide, or of air containing 3 to 4 per cent, of that gas, or of air, 
hydrogen and carbon monoxide, soon became sickly, and died on the tenth or eleventh 
day. Hence it would appear that Baeyer’s hypothesis {Per. iii. 63) respecting the 
formation of sugar in plants by reduction of 00=^ to GO, the combination of the latter 
with hydrogen to COH®, and the subsequent condensation of this aldehyde, cannot be 
maintained (A. Stutzer, Per. ix. 1570). 

2. Of Coal-gas. See p. 543. 

3. Of Ammonium Thiocyanate. 0. Kohlrausch {Lingl. pol.J. ccxii. 425) 
manured a turnip-field, and a garden soil in which barley and summer-wheat were 
sown, with ammonium sulphate containing 2*52 per cent, thiocyanate obtained from 
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spent Laming’s mass (mixture of lime, ferric cliloride, and sawdust, used for the 
purification of coal-gas). In all cases the germination of the seeds was retarded, and 
the plants were very ill-developed, the effect being most marked with the wheat. 
Similar results have been obtained by C. Schumann \Lmidw. Vers,-SL 1872, 230 ; an(i 
P. WQ^&r,ZeitscJiT.furdie landmirihschaft. Vereined, GrossherzogtJiums Hessen, 1873). 

4. Of Alkalis. Bottger {JDingl. pol. J. cexii. 444) finds that moderately strong 
solutions of potassium or sodium hydrate greatly increase the germinative power of 
seeds, especially of coffee-beans, which, when drenched with a weak solution of caustic 
potash, throw out long white radicles even in an hour or two, 

5. Of Lime. Boehm {Ber, viii. 682) found that seeds of the scarlet-runner, if 
allowed to germinate in distilled water, die sooner or later when the reserve of 
nourishment is exhausted, although the length of time required for this varies greatly 
in individual plants. This effect is prevented, however, by the presence of various 
calcium salts (not by calcium chloride), but no other base can be substituted for lime, 
magnesium carbonate)^ acting in a decidedly injurious manner. Boehm is of opinion 
that lime plays a similar important part in the development of planb-life that it does 
in the animal economy in the transformation of cartilage into bone ; bnt that its action 
in causing the transfer of starch from the parts of the plant where it is stored up to 
those in which it is utilised is obscure. 

6. Of Salicylic acid and Thymol. According to E. Heckel {Compi.rend, 
Ixxxvii. 613), germination is retarded and in some cases entirely prevented by the 
presence of salicylic acid, sodium salicylate, or thymol. 

7. Of Camphor. The growth of many plants is accelerated by camphor, but on 
others it exerts either a deleterious influence or none at all. It accelerates germina- 
tion. A similar influence is exerted by water containing oil of turpentine (Vogel a. 
Eaab, Pharm. J, Trans, [3], iv. 1014). 

8. Of Oils. Koble a. Hanlein {Landw. Fers.-St. xs.L 437) have made experiments 
on the influence exerted on vegetation by various volatile oils, especially those of 
lavender and curled mint, also by benzene and carbon sulphide, these liquids having 
been recommended for the destruction of the Phylloxera and of the Colorado beetle. 
The experiments showed that all these liquids exert a deleterious action on plants. 
Carbon sulphide is very efficient in destroying underground insects and larvae, but its 
action on plants is even more destructive than that of any of the other liquids just 
mentioned. 

Chemical Changes accompanying Germination. — ^The observations of 
Schulze, XJmlauft a. Urich on the transformations of tissue attending the germination 
of lupine-seeds have already been noticed (p. 1243). Further experiments on the 
formation of sulphuric acid in germination have been made by Schulze {Ber. xi. 1 234). 
Vetch-sprouts which had been growing in the dark for three weeks were found to contain 
a larger quantity of sulphates than the ungerminated seeds, the amount of sulphuric 
acid produced being about equal to that which could be formed from the sulphur of 
the decomposed proteids. An increase of sulphates takes place also in the germina- 
tion of pumpkins. In the case of lupine sprouts of various ages it was found that in 
the first stages of germination the agreement between the quantity of sulphur sepa- 
rated from the decomposed proteids and the amount of sulphuric acid formed does not 
exist, hut the greater the age of the sprouts, the more completely is this agreement 
established. This result may be explained on the supposition that the proteids are 
first split up under the influence of ferments, and that the products of the decom 
position then undergo gradual oxidation. In the later stages of germination, the 
amount of sulphuric acid appears to afford a measure of the quantity of albuminoid 
matter decomposed. 

According to Schulze a. Barbieri (Ber, x. 928 ; xi. 710), pumpkin-sprouts contain 
an amide of glutamic acid, together with aspartic acid, tyrosine and leucine. The 
process of decomposition ot albuminoids in germination is therefore the same as that 
which takes place under the influence of acids. 

Formation of Carhohydr ates in Plants. —Experiments have been made by 
A. Stutzer (JBer. ix. 1395) on sprouts of Brassica Bapa, growing in nutritive solutions 
to which oxalate or tartrate of calcium had been added, the air of the vessel having 
been previously deprived of carbon dioxide. Under these circumstances the plants 
took up oxalic or tartaric acid in place of atmospheric carbon dioxide, formed new 
leaves, and increased in amount of dry substance. Water-plants growing in similar 
nutritive liquids gave off in sunshine considerable quantities of oxygen. When the 
conditions of the experiment were modified so that the air surrounding the plants was 
kept free from carbon dioxide during the whole course of the experiment, the oxalic 
acid was not assimilated, the plants soon died, and their dry weight was diminished. 
It follows, therefore, that oxalic acid— contrary to Liebig’s view — cannot be regarded 
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as a transition-member between atmospheric carbon dioxide and the carbohydrates, 
but that, before it can take part in the process of nutrition, it must be oxidised to 
carbon dioxide. With tartaric acid, however, the ease is different ; for plants grow 
in a nutritive solution containing this acid even though surrounded by an atmosphere 
free from carbon dioxide, the two alcoholic groups CH^OH in the tartaric acid serving 
as nutriment to the plant. Glycerin acts in the same manner as tartaric acid. These 
results show that carboxyl-groups, COOH, cannot serve directly for the forination of 
vegetable substances in plants containing clilorophyll under the influence of light, but 
only after oxidation ; alcoholic groups, on the other hand, are directly available fur 
this purpose. When the nutritive liquids contained acetates or succinates tiie plants 
increased in dry substance, and threw out new leaves, but they never looked so 
vigorous as those which were fed with tartaric acid. 

Formation of Starch in the ChlorophylUgranules . — Experiments by 

Boehm {Bffr. ix. 123) on the shortest time in which, under favourable conditions, 
search is formed in the chlorophyll -granules, have led to the following results: 
1. The view hitherto held, that all starch which makes its appearance in chlorophyll- 
granules free from starch, when these are exposed to full daylight, is a product of the 
direct assimilation of carbon dioxide, is erroneous. 2. Light of any intensity suffi- 
cient to enable green plants to decompose carbon dioxide, effects also a transfer of 
starch from the stems to the chlorophyll-granules. 3. In direct sunshine the transfer 
of a recognisable quantity of starch from the stems to the chlorophyll-granules of the 
leaves takes place in 10 or 15 minutes. 4. Experiments on the formation of starch in 
the chlorophyll-granules, consequent on the direct assimilation of carbon dioxide, can be 
made only with plants perfectly free fz’om starch, or with detached loaves freed from 
starch. 5. The disappearance of starch in detached loaves in diffused daylight or in 
the dark takes place as rapidly as in leaves still attached to the plant. Tlie starch in 
leaves not very rich in starch disappears also when such loaves are partially or entirely 
immersed in water in large open vessels, but notin water free from oxygen, ur in pure 
nitrogen or in hydrogen. 6. Detached leaves of plants grown in faint light, and free 
from starch, when placed in an atmosphere containing 6 or 8 per cent, of carbon 
dioxide in full daylight, not only throw out roots from the leaf-stalks, but also increase 
considerably in diameter, even when simply moistened with distilled water. 7. Quite 
young cotyledons grown in the dark, or in fixint light, contain starch. 8. Sprouts 
grown in distilled water, under bell-jars standing in potash-ley, scarcely attain the 
length of 10 cm., the stems then withering below the cotyledons. Such plants are, 
as a rule, destitute of starch. 9. Starch is formed in recognisable quantities in 10 or 
15 minutes, by detached cotyledons, when exposed to direct sunshine in an atmosphere 
containing 8 per cent, of carbon dioxide. In similar leaves, freely exposed to the 
air, in sunshine, the same result occurs in 45 minutes. It is not improbable that 
the carbon of the dioxide decompo.sod combines directly with water to form starch. 
10. Scarlet-runner sprouts take up from the soil neither organic carhon-compounda 
nor carbon dioxide. 

Further experiments {Ber, x. 1804) have shown that the formation of starch in 
chlorophyll-granules free from that substance, at the expense of substances which have 
been transferred to the cells containing these granules, is a process of the organism 
perfectly independent of the influence of light. When growing cotyledons of the 
scarlet-runner, the terminal buds of which have been removed at an early stage, are 
partly shaded, the starch at first disappears almost wholly from the darkened parts of 
the leaves, but after two or three weeks the chlorophyll-granules in the pjxrenchyma 
cells of the shaded parts are always found to contain starch, sometimes equal in 
quantity to that which would have been formed if they had been continuously exposed 
to light. Hence it appears that the starch which is formed in chlorophyll-granulea 
previously free from that substance is not in all cases a direct product of assimilation 
of carbon dioxide and water, but may be formed from substances previously assimi- 
lated and transferred to the cells. 

On the formation of Starch in the cotyledons of Cress, Eadish, and Flax, see 
Boehm (C7Am. Centr, 1875, pp. 202, 217, 233, 248 ; Jahreah^ f, Ohem. 1875, 817 ; 
Che^n, Soo. J. xxix. 952). 

Albinism in Plants . — The difference in composition and function between white 
and green leaves has lately been carefully studied by A. H. Church (Chern. Soo. J. 
1879, XXXV. 33 ; 1880, xxxvii. 1). The leaves examined were those of a species of 
maple, Acer Negnndo, the variegated holly and ivy, also of the following exotic plants : 
Mmgnns ^ungens, Pleetogyne variegata, Cyperm alternifolms and Alocasia machro^ 
rhiza. The white leaves and white parts of leaves of these plants were found to 
contain aboxit 5*68 per cent, more water than the green ; they also yielded a larger 
proportion of- ash, and this ash was richer in potash and poorer in lime than that of 
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the green leaves; in short, the white leaves contain a larger proportion of the more 
difihsible constituents. Moreover the white foliage, which contains no chlorophjU. 
does not possess the power of decomposing the carbon dioxide of the air, even in 
sunshine, but on the contrary adds largely to the normal amount of that gas in the 
air, acting indeed lihe the petals of flowers and like green leaves in darkness. In all 
these respects the white foliage of a plant bears to the green the same relation that a 
parasitic plant hears to its Host, e g. the dodder to the clover on which it grows. It 
does not elaborate its own substance ; it is not a laboratory, but merely a storehouse, 
and draws the whole of its sustenance from the green parts of the plant in which 
the functions of vegetable life are in full activity. Kemarkable differences are also 
observed in the amount of gain and loss of white and green foliage when placed in 
water and when exposed to the air. White holly sprays placed in water gained in 
two hours 0*29 per cent, of their weight ; green holly under similar conditions gained 
1*55 per cent. When no w’ater was supplied, the white holly lost 0*54, the green 
10*26 per cent, of its weight. 

PXiATXXflTIMC, Occurre'iice . — A specimen of magnetic platinum ore from 
Nischne-Tagilsk, in the Ural, analysed by Terreil rend. Ixxxii. 1116), was 

found to contain: 


Platinum, with traces of Iridium 81*02 

Osmiridium and other platinum-metals insoluble in aqua regia . 3*33 

Silver traces 

Copper 3*14 

Iron 8*18 

Nickel 0*75 

Chrome-iron ore 3*13 

Silicon 0*13 

Silicates of Aluminium, Magnesium, and Iron .... traces 


99*68 

The occurrence in this ore of metallic iron and nickel, which had not hitherto been 
found in platinum ore, indicates a resemblance between platinum ores and meteorites. 
On this point see also Daubree {Comp. r&)id. Ixxx. 707; Jahresl. f. Chcm. 1875, 
1194). 

Ferruginous platinum from Russia, analysed by Frenzel {JaJirb. f. Mm. 1874, 
684), gave: 

Pt Fe Cu Insoluble Sp. gr. 

76*97 10*97 1-04 1*46 14*92 at 15°. 


The following table gives the results of the analysis of Russian platinum ores by 
S. Kern {Chem. News, xxxv. 88). 1-3. From the District of Gloroblagodatsky. 

4-6. From the District of Nischne-Tagilsk : 

Osmir- 


Pt 

Eh 

Ir 

Os 

Pd 

Pe 

Cu 

idium 

87*50 

1*20 

0*05 

0*01 

1*05 

8*60 

0*65 

1*50 =100*66 

84*50 

2*90 

0*90 

0*60 

0*05 

7*55 

0 60 

280 = 99*90 

80*05 

1*05 

2*50 

trace 

2-03 

11*04 

1*02 

2*51 =100*20 

80*87 

4'44’ 

0*06 

trace 

1-30 

10*82 

2*30 

0*11 = 99*90 

71*20 

1*50 

2*40 

0*05 

1*95 

13*40 

6*70 

2*65 = 99*85 

89*06 

4*60 

trace 

trace 

2*35 

3*40 

0*59 

trace = 99*89 


Also traces of Kutbeniura. 


Preparation. — Th. Knosel {Per. vi. 1159) separates platinum from the residues 
obtained in the use of platinic chloride for the estimation of potassium, hy heating 
these residues with sodium or potassium carbonate, or sodium hydrate, in a porcelain 
dish over the water-bath, and gradually adding the alcoholic wash-waters. The 
spongy platinum thereby reduced is washed, dried, and finally boiled with hydro- 
chloric acid to separate any remaining impurities. Duvillier {Comp. rend. Ixxxiv. 
444) effects the reduction of the platinum from these residues by boiling them with an 


alkaline formate. 

On the separation of Platinum from the Ferric Chloride obtained in the prepara- 
tion of Fine Gold, see Opificius {Pi7igl. jpoL J. ccxxiv. 414; Jakresb. f. Chem. 1877, 
11*24). 

On the separation of Platinum from Rhodium, Iridium, and Osmium by precipita- 
tion with Mercaptan, see p. 1276. 

The method of working native platinum, practised at Heraus’ works in Hanau, is 
described by J. Philipp {Dingl. pel. J. eexx. 95; Jahresh. f. Chem. 1876, 1075; 
Chem. Soo. J. xxx. 176). 
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Beduction.-^k(iQoi:dimg to V&llQt {Cornet, rend. Ixxvu. 112), platinum is reduced 
from the solutions of its salts by hydrogen containing a trace of arsenic, but not by 
pure hydrogen. 

Platinum-hlach — According to Zdrawkowiteh {Bull Soc, Chim. [2], xxv. 198), a 
platinum-black of great catalytic power may be prepared by reducing platinum with 
glycerol in alkaline solution. A good mode of proceeding is to mix 15 c.c. glycerol of 
26° to 27° B. with 10 c.c. potash -ley of sp. gr. 1*08, heat the mixture to boiling, and 
add 3 to 5 c.c. of ordinary solution of platinic chloride, whereupon the platinum is 
almost instantly separated as a black flocculent or pulverulent precipitate. If a large 
excess of alkali is used, the platinum is thrown down in specular form. Platinum is 
likewise reduced from the ordinary acid solution of platinic chloride by boiling with 
glycerol ; but the reduced platinum thereby obtained is rather grey than black, and 
has but little activity. 

Alloyst 1. “With Iron. From synthetical experiments, as well as from the 
analysis of native alloys, of platinum and iron, Daubree finds that polar magnetism 
is e:^ibited only by those which contain at least 17 per cent, iron, those with lower 
percentages of iron being susceptible of magnetism, but not exhibiting polarity 
( Comft, rend. Ixxx. 526). See also Deville {ihid. 589). 

A portion of a sulphuric acid condenser of platinum, which was brittle and 
crystalline throughout, was found by E. Beiehardt (Bingl. pol. J, ccxiii. 445) to con- 
tain 99'430 per cent, platinum, 0-473 copper, 0-013 iron, and 0*030 silicon. 

2. With Iridium. G. Matthey {Cheon. News, xxxix. 175) has described the 
methods by which he prepares an alloy of iridium and platinum suitable for the 
manufacture of the international meter and kilogram standards, and of the geodesic 
rule. 

Preparation of Pure Platinum. — Ordinary commercial platinum i.s melted with 
six times its weight of pure lead ; the alloy, after granulation, is treated with 
successive quantities of dilute nitric acid (1 to 8) until there is no more action ; and 
the solution, which contains lead, iron, copper, palladium, and rhodium, is separated 
from the residue and treated by appropriate methods. The residue, an amorphous 
powder containing platinum, lead, crystalline iridium, and small proportions of other 
metals, is treated with weak aqua regia, which dissolves the platinum and lead, 
leaving the whole of the iridium in an impure state. The solution is ova.porated, tlie 
lead removed by sulphuric acid, the platinum solution is again evaporated, and the 
platinum chloride di.ssolved in water and mixed with an excess of ammonium and 
sodium chlorides. The solution, kept at 80° for several days, deposits the ammo- 
nium platinochloride, which is removed, and after being washed with saturated 
ammonium chloride and then with hydrochloric acid, is dried; and as it may still 
contain rhodium, it is mixed with potassium-hydrogen sulphate and a little am- 
monium-hydrogen sulphate, and gradually heated to dull redness in a platinum 
capsule. The platinum is thereby reduced in the form of a black powder, the rhodium 
then remaining as rhodium and potassium sulphate, which is completely dissolved out 
by digestion with boiling water; the solution contains also a little platinum, which is 
recovered by evaporating to dryness and heating the residue to redness, at which tem- 
perature the platinum salt alone is decomposed. The absolutely pure platinum 
obtained by this process has a density of 2T46. 

Pnparation of Pure Iridium. — The iridiiim obtained from an ordinary solution of 
this metal (freed from osmium by long boiling in aqua regia), by precipitation with 
ammonium chloride, contains traces of platinum, rhodium, rutlaeniura, and iron ; the 
presence of platinum is unobjectionable when iridio-platinum is to be prepared. This 
iridium is fused for some hours with ten times its weight of lead ; the lead dissolved 
out from the alloy by nitric 'acid ; the residue subjected to a prolonged digestion 
with aqua regia ; and the crystalline mass which remains is fused at a high tem- 
perature with potassium bisulphate in order to remove rhodium. The partially 
purified iridium is next melted for some time with 10 pts. of dry potassium hydrate 
and 3 of nitre in a gold crucible. The mass treated with cold water furnishes a 
solution containing potassium rutheniate and a ‘ blue residue’ of potassium iridiate, 
which is washed, with water containing potassium hydrate and sodium hypochlorite 
until the washings are colourless ; then with distilled water ; and then mixed with a 
solution of sodium hypochlorite and left at rest for some time. The mixture is 
next transferred to a retort, warmed, and finally boiled until the distillate no lon^^er 
imparts a red colour to weak alcohol acidulated with hydrochloric acid (ruthenium). 
To remove the last trace of ruthenium from the residue, the treatment with nitre and* 
potash and with sodium hypochlorite is repeated. The blue powder is then dissolved 
in aqua regia ; the solution evaporated to dryness ; the residue dissolved in distilled 
water ; and the solution is filtered and poured slowly into concentrated solution of 
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soda containxBg sodium hypocHorite (no precipitate should be formed), ’which is then 
subjected in a distilling apparatus to a current of chlorine, the distillate being tested 
for ruthenium. The blue oxide of iridium precipitated by the chlorine is collected, 
washed, dried, and reduced in a glass tube by a current of the mixed gases (CO and 
CO^), obtained by gently heating a mixture of oxalic and sulphuric acids. The 
metallic iridium is heated to redness with potassi’um bisulphate to remove ■unreduced 
oxide of iron and traces of rhodi'um, and the insoluble portion, after many washings 
with water, is washed with chlorine-water to remove traces of gold, and with hydro- 
fluoric acid to free it from silica. The remaining iridium, after calcination in a 
charcoal crucible, is melted to an ingot, which, after being broken up and boiled "with 
hydrochloric acid to remove adhering iron, should, if perfectly pure, he of sp. gr. 
^'2*39. The purest iridium prepared had a density of 22*38, and still contained almost 
inappreciable traces of oxygen, rhodium, ruthenium, and possibly iron. 

Alloy of IridiO'-jplatimim. — 4o0 ounces of platinum and 55 ounces of iridium were 
melted together ; and the resulting ingot was cut into small pieces by hydraulic 
machinery, then rehaelted and forged at a white heat under a steam hammer (the 
surfaces of which were cleaned and highly polished after each series of blows) ; passed 
through polished steel rollers ; cut into narrow strips \ and again slowly melted in a 
properly-shaped mouli This ingot, forged into a bar 35 cm. x 7*5 cm. x 2*5 cm., 
showed at zero a density = 21*522 ; after a second forging and rolling, the density 
was 2T648. After the bar had been passed through highly polished rolls until the 
dimensions were 40*80 cm. x 21 mm. x 5 mm., a perfectly rectangular form was given 
to it by dra’wing through a series of plates. The rule thus prepared for polishing had 
a density —21*516, and gave on analysis: — 


Platinum 



. 89*40 

89*42 

Iridium . 



. 10*16 

10*22 

Ehodium 



. 0*18 

0*16 

Euthenium . 



. 0*10 

0*10 

Iron 



. 0*06 

0*06 




99*90 

99*96 


The density calculated from the first analysis is 21*510, and from the second, 
21*515, which coincides with the actual determination. 

The rule thus prepared for the Association Geodmqiie Internationale was perfectly 
free from flaws, susceptible of a splendid polish, and much more suitable than 
platinum for the dividing process. 

Iridio-platinum possesses the following advantages for standard rules and weights : 
It is almost indestructible, has extreme rigidity, especially in the tube form, and a 
most beautifully polished surface can be obtained ; its coefficient of elasticity is very 
great and its density very high. For weights, the alloy should contain not less than 
20 per cent- of iridium. Such an alloy, sp. gr. 21*614, has a. coefficient of elasticity 
= 22*2, one of the highest known, whilst its malleability and ductility are almost 
without limit. The kilogram prepared from it measures only 46*266 c.c., displacing 
2*207 c.c. less than the kilogram of the archives of France. Alloys containing more 
than 20 per cent, of iridium are very difficult to work. 

On the preparation of an ingot of iridio-platinum weighing 250 kilograms, see 
Morin {Compt. rend. Ixxviii. 1502 ; Jahresb,f. Chem. 1874, 1065). 

On the preparation of pure platinum and pure iridium, see also Beville a. Debray 
{Compt. rend. Ixxxi. 839 ; CJieon. 8oc. J. xxix. 523). The same paper contains the 
following data of the specific gravities of iridium-platinum alloys. 


Platinum 

Iridium 

Sp.gr. 

90 

10 

21*615 

85 

15 

21*618 

66*67 

33*3 

21*874 

5 

95 

22*384 


Sp. gr. of the platinum 2To04 (uncorrected) ; of the iridium, 22*421. 

Expansion hy Heat. — The following values of the expansion-coefficient of an alloy 
of 90 pts. platinum and 10 iridium are given hy Fizeau {Compt. rend. Ixxviii. 1205). 

Before pressing 0*000008864 

After pressure under the die 9020 

After one ignition at 1300° 8905 

After two ignitions 8896 

According to Deville a. Debray (AT. Arch. ph. nat. xlviii. 45) an alloy of 90 per 
cent, platinum and 10 iridium has the same expansion-coefficient as the original meter 
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preserved in the French Archives, which is known to have been made with impure 
platinum. 

Ctiloricles. When platinum is heated to 1400° in a current of an indifferent 
gas, it neither melts nor volatilises, but if a few bubbles of chlorine are added to the 
gas, crystals of metallic platinum are deposited on the colder part of the tube. This 
result is due to the formation, at a very high temper’atnre, of a chloride of platinum 
which is subsequently decomposed on cooling ; if a stream of cold water be passed 
through a glass tube placed in the axis of the red-hot tube, platinum dichloride will 
he deposited upon its surface (Troost a. Hautefeuille, Commit, rend. Ixxxiv. 946). 

^latiiiio Chloride^ PtCP. — S. M. Jorgensen {J. fr. CheM. [2], xvi. 345) finds, 
in accordance with Weber a. Topso6 (vi. 951), that the compound obtained by 
evaporating a solution of platinic chloride and drying the residue as completely as 
possible, consists of hydroplatinic chloride, PtClh2H:01 + 6H“0, and not of a hydrate 
of platinum tetrachloride, Pt01‘+ lOH^O [or SH^O] as supposed by Bodecker, Mathers 
and Protopopow (vii. 984). ^ 

Action of Silver Nitrate. — The addition of silver nitrate in excess to a cold solution 
of hydroplatinic chloride, throws down the whole of the platinum in the form of a 
yellow precipitate, having the composition 2AgCl.PtCP. This substance has not been 
obtained in the pure state, as it is slowly decomposed by cold, and^ rapidly by hot 
water, into a solution of Norton’s salt, PtCl*5H^O (J. pr. Chem. [2], ii. 469 ; v. 365), 
and an insoluble residue, consisting of impure silver chloride. 

Norton’s salt loses 4 mols. of water at 100° ; the fifth molecule cannot be expelled 
without decomposing the compound. The aqueous solution of this substance has an 
acid reaction, decomposes carbonates, and produces with silver nitrate a yellow pre- 
cipitate of the salt 2Ag01,PtCP(0H)2 With ammonia, it forms a precipitate of 
ammonio-platinic chloride, and the filtrate yields on evaporation a black, amorphous, 
hygroscopic residue of platinum hydroxychloride. The relation between th(‘so bodies 
is shown by the following formulae, in which the platinum is octovalotit ; 

01 “ 

Hydroplatinic clilorido. Norton’s salt. Platinum hydroxy- 

chloride*. 

The action of silver nitrate on a hot solution of hydroplatinic chloride may be 
represented by the following equations : 

H^PtCF + 2AgNO=» - AgTtCl« + 2HN03. 

AgTtCF + H“0 = HCl,PtCF(OH) + 2AgCl. 

H^O + HCl,PtCP(OH) + 2AgNO=* - 2AgCl,PtC12(OH)2 + 2IINO». 

The silver salt obtained by atiding silver nitrate to Norton’s salt is not amilogous 
to the acid from which it is derived, since it yields by double decomposition with 

ammonium chloride, platinosemidiammonium chloride, Cr'^Pt^ and silver 

chloride (Jorgensen, loo. cit>) ' 

Neaciiou with Stannous Chloride. — When a solution of platinic chloride is mixed 
witfi starmons chloride, then largely diluted with water, and heated to boiling, a 
brown precipitate is formed, analogous to Purple of Cassius. The s/inie precipitate is 
formed on immersing a plate of tin in the solution of platinic chloride. Its composi- 
tion, as determined by two analyses, is as follows : 

Sn Pt 0 

60*00 11-49 28 51 

55-50 17*19 27*31 

Chloroplatinates or PlatinochloridLes (Nilson, Ser. ix. 1056, 1142). The 
formulae of normal salts of this group may all be derived from that of hydroplatinic 
chloride, PtCFH“ or PtOr‘.2HCl, or multiples thereof, by substitution of positive 
metals of various qiiantivalence for equivalent quantities of hydrogen ; thus : 

(a) 2R’Cl.PtCP (5) B"CF.PtCP (c) 2R'"CP.3PtCl‘» 

id) R‘'^Cl'‘.2Pt01‘* (e) (R‘“)’‘Cl‘.3PtCl‘ 

Of these salts all belonging to the formulae a and h are known except the mercuric 
salt (HgOr- does not unite with platinic chloride). The beryllium salt, which, accord- 
ing to Thomsen {Ber. iii. 827), Marignac {idrid. vii. 542), and Welkow (ibid. vii. 75), 
has the composition BeOP.PtCPnh 8H^O, must also bo referred to this group, beryllium 
being regarded as bivalent. The metals of higher quantivalence appear to yield only 
basic ohloroplatinates. Of the decidedly trivalent metals, bismuth, arsenic, and 



PLATIFUM. 


1649 


antimony, no cMoroplatinates are known. The ehloro^atinates of the cerium and 
yttrium metals are represented, according to Cleve (pp. 421, 422, 424, 736), by the 
loUowing formulse : 

CeCP.Pt0P+13H2O; LaCP.PtCP4-13H20; LaCP.PtCP + 1 IH^O 
ErORPtCP + 1 IH^O ; 4yGR5PtCP + 52^0 


According to Freriehs a. Smith (pp. 643, 1163), the lanthanum and didymium salts are 
represented by the formula 2ECP.3PtCl‘-{-24H20. 

Of the chloroplatinates of metals with combined quadriralent atoms, only the 
aUminmm salt, APCi®.2PtGP+ 3 OH-O, analysed by Welkow (p, 65), has hitherto been 
known. The following have been obtained by Mlson from mixtures of 1 mol. of the 
chloride E-CP, with 2 mol. platinic chloride. 

Pe-CP.2PtCP + 21H-0. Large, yellow, well-defined, obhqne, four-sided, deliquescent 
prisms, which give off lOH^O at 100^. 

Cr2Cl®.2PtCP-}-2lH^O. Fine, green, four-sided, deliquescent prisms, which give 
offlOH^O at 100° « 

In^OP.SPtOP-t-SSH^O. Honey- yellow, oblique, four-sided prisms, with oblique 
end-faces, deliquescing on exposure to the air, and giving off half their water at 100°. 

The ferric and chromic salts are, therefore, analogous to the aluminium salt, as 
are also those of the cerium and yttrium metals, if the formulse of these salts are 
doubled, and they are supposed to crystallise wdth quantities of water, which, according 
to Kilson, are more in accordance with the analyses than those which are assigned to 
the respective salts by Cleve. 

Of the chloroplatinates of quadrivalent metals, only the thoHum salt, ThClbPtCP -f- 
12H-0, analysed by Oleve, has hitherto been known. Eilson has also prepared the 
tin and zirconium salts, and found them to be analogous in composition to the thorium 
salt. The jfm SnCP.PtCP-^ 12H-0, crystallises in small, shining, light-green, 
thin, four-sided, perhaps somewhat oblique plates. Zirconium oxychloroiplatinatc, 
ZrOCP.PtCP + l2H-0, forms small, honey-yellow, oblique, four-sided plates. 

Cbloroplatiuites or Platinosoclilorides (Nilson, J. pr, Chem» [2], xv. 260). 
These salts may be arranged in the four following groups : 

2E01.PtCP B"CLPtCP (E2)"*CP.3PtCP B'"CP.2PtCr- 


Most of those here described were prepared by decomposing barium chloroplatinite 
with the respective sulphates ; in some eases, however, by saturating the free acid, 
2HCl.PtCl-, with oxides, hydroxides, carbonates, or chlorides. 

The chloroplatinites are usually very soluble in water ; they are for the most part 
deliquescent, and crystallise only from very concentrated solutions ; most of them 
contain water of crystallisation. At 100° they are decomposed, with production of 
metallic platinum, a few evolving hydrochloric acid. By evaporating their solutions 
in presence of hydrochloric acid, the platinum is usually partially converted into 
platinic chloride. The following new chloroplatinites have been obtained : 

2BbCl . PtCP. Small, four-sided, red prisms, unaltered in air, easily soluble in 
hot water, sparingly soluble in cold water. 

2CsCl.PfcCP. Long slender prisms, resembling the rubidium salt. 

2TlCl.PtCl-. Prisms of a light-pink colour, difficultly soluble in hot water. 

2LiCl.PtCl- + 6H-0. Dark-red four-sided prisms, with greenish lustre, resembling 
potassium permanganate ; easily soluble in water. 

CaCl-.PtCi2+ SH^O. Thin, flexible tables ; over sulphuric acid it assumes a rose 
colour; melts at 100°, giving up 5 mols. of water, and then decomposing into chloro- 
platinate and platinum : very deliquescent. 

, SrCP.PtCP + 6H-0. Eesembles the calcium salt : gives up two-thirds of its water 
at 100°. 


PbCl^.PtCF-i- 5H-0. Amorphous red powder ; decomposed slowly by boiling water. 

BeCP.PtCL- -f 5H-0. Bed rhombohe-drons : deliquesces in moist air : unchanged 
in dry air ; gives up water and HCl at 100°. Easily soluble in water. 

MgCl-.PtCP + 6H'^0. Tables, unaltered in air ; give up no crystalline water at 
100 °. 

MnCP.PtCP + 6H-0. Eesembles the preceding : gives up two-thirds of its water 
at 100° 

CoCRPtCP-{.6H20. 

NiCP.PtCP+6H20. 

CuCP.Pt0P + 6H20. 
at 100°. 

ZnCP.PtCP + 6H-0. Tables: gives up 6 mols. at 100°, decomposing alsp 
into chloroplatinate and platinum. 

VoL. VIII, 5 0 


Bed four- or six-sided tables: gives up 5 mols. H^O at 100°. 
Dark -brown tables : gives up 3 mols. H-0 at 100°. 
Olive-brown or nearly black tables : gives up 6 mols. H^O 
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PeCP.PtCP + 7H-0. Dark-red prisms : gives up 5 raols. H^O at 100°. 

Cadmium chloroplatinite could not be obtained. ^ 

A 120 i°. 2 Pfc 012 + 2lH-0. Large brilliant four-sided prisms: melts at 100°, and 
gives up 19 mols. H-O, ^ ^ 

Or-Cl®.3PtCi--h ISH^O. Thin, red, deliquescent prisms, giving up water and 
hydrochloric acid at 100°. 

y“Cl®.3PtCl“+ 24H20. Dark-red, four-sided prisms : melts at 100°, and gives up 
10 mols. H-0. 

Er*Cl° 2PtCl“ + 27H20. Dark-red prisms : at 100° gives up 17 mols. H“0. 

Er-Ci®.3PtCP + 24H-0. Long four-sided prisms : loses 13 mols H^O at 100°. 

Ce-Cl®.4PtCr-+2lH20. Thin four-sided prisms : loses 15 mols. H'-’O at 100°. 

La^CP. 3Pt CP 1 SH^O. Like the last. 

La2Cl®.3PtCP+ 27H-0. Prisms: gives up 16 mols. H“0 at 100°. 

DPCP.4PtCP + 21H20. Prisms or tables : deliquescent in air. 

DPOP.SPtCl--}- 18H20. Long thin prisms. 

2Th0P.3PtCP + 24H2O. Ehombohedrons : gives up one-fouijth of its water at 
100° without melting. 

ZrOOl-.PtOP + 8H-0, Large quadratic prisms. 

2HCl.PtCP + ^rH^O. Produced by decomposing the barium salt v^th the equivalent 
quantity of sulphuric acid, and evaporating in a vacuum. The solution, after reaching 
a certain degree of concentration, evolves hydrochloric acid, leaving a dark-brown 
amorphous mass, easily soluble in water, giving up water and hydrochloric acid at 100°. 

J. Thomsen (J, pr. Chem, [2], xv. 204) prepares piotassiim chloroplatinite from 
the chloroplatinate by reduction with cuprous chloride. The moist chloroplatinate 
is mixed with water to a pasty consistence, the mass is warmed, and moist cuprous 
chloride is cautiously added in such quantity as to leave a small portion of the potas- 
sium chloroplatinate undissolved. A nearly black solution is thereby formed, from 
which, after filtration and cooling, tho chloroplatinite is dopositod in fine reel crystals, 
which may be purified by washing with alcohol. Hydrogen chloroplatinite, PtCl'Ti®, 
is easily obtained by mixing a concentrated solution of the potassium salt with platinie 
chloride. Potassium chloroplatinate then separates out, and the red solution contains 
the hydrogen chloroplatinite, which may be nsed immediately to prepare the other 
chloroplatinites. The ammonium salt, PtCl'‘(NH^)^, easily obtained by mixing the 
solution of the hydrogen salt with ammonium chloride and evaporating, crystallises 
in largo red needles. 

FotassUim Bromoplatinite, PtBrTi®, is formed when potassium cliloro- 
platinite and sodium bromide are boiled togotliur with so small a quantity of water 
that the greater part of the resulting sodium chloride separates out. On leaving tho 
hot filtrate to cool, the bromoplatinite separates in largo nearly black rhombic octo- 
hedrons, or, if quickly cooled, in brown-rod very soluble noodles. 

Sodium bro7noplatinate, PtBr^Ka^, is most readily obtained by heating a 
concentrated solution of platinie chloride with hydrobromic acid, driving off tho 
resulting hydrochloric acid by evaporation, then adding sodium bromide, evapoi’ating 
to dryness, and purifying the saline mass by rcerystallisation (Thomsen). 

On Cyanides of Platimcm, see p. 616. On Ammonio-platmic and Potass iO‘2')latmio 
Thiocyanate, see p. 603. 

Platinous Hydroxide, Pt(OH)^ is formed as a black precipitate on boiling a 
very dilute solution of potassium chloroplatinite with a sufficient quantity of dilute 
soda-ley. It dissolves readily at a gentle heat in dilute hydrochloric or hydrobromic 
acid, and is reduced by dilute formic acid, with evolution of carbon dioxide, to metallic 
platinum (Thomsen, J.pr. Chem, [2], xvi. 294). 

PlatUio so -platinie Oxide, Pt^O‘‘, is prepared by heating dehydrated sodium 
chloroplatinate with sodium carbonate till the mass begins to molt, and boiling the 
melt with water and dilute nitric acid. When dried at 100° it is blue-black in lumps, 
pure black in powder ; it is not attacked by hydrochloric, nitric, or nitrohydrochloric 
acid, even after prolonged boiling. It slowly gives off its oxygen at a red heat. Hydrogen 
and coal-gas, even at ordinary temperatures, reduce it, with vivid ignition and forma- 
tion of water. Formic acid at a gentle heat reduces it, with evolution of carbon 
dioxide, to platinum black (Jorgensen, fpr. Chem, [2], xvi. 344). 

Nitrogen-compounds of Platinum. 

Platmosemidmmio7mm Chloride, CPPt<^Q^ — This compound, which Cleve 

obtained by the action of chlorine on platosemidiammonium chloride, Cl.Pt.N“H®Cl 
(vii. 997), is also formed by the action of a cold strong solution of ammonium chloride 
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on the salt (p. 1648). The corresponding iodide, PtlWH®, formed by 

treating the chloride with potassium iodide, separates from a solution containing 
ammonium chloride in small shining crystals resembling iodine, appearing under the 
microscope as multiform groups of apparently regular six-sided plates ; from aq^ueous 
solution it separates in powdery crystals having an iodine-grey colour, and appearing 
under the microscope as rectangular prisms bevelled by a dome (Jorgensen, J. pr. 
Chem. [2], xvi. 345). 

X^ulmiplatinums (E. v. Meyer, J. pr. Chem. [2], xviii. 324). Knallplatine . — 
These are compounds obtained by the action of potash on ammonium chloroplatinate, 
PtCl‘‘(NH^01)“.^ They are nearly insoluble in water, and do not form definite com- 
pounds with either acids or alkalis. The nitrogen contained in them is so firmly 
held in combination that they give off no ammonia when boiled with strong potash 
solution. When heated per se they undergo total decomposition, generally with 
explosive violence, owing to the sudden liberation of a large quantity of nitrogen. 

When ammonium chloroplatinate is boiled with a quantity of aqueous potash 
insufficient for complete decomposition, added very slowly, a product of the formula 
PtNClO^H.® is obtained, the formation of which may be. represented thus : 

■ptCP(NH^Cl)2 + 5K0H = 5KCI + 22^0 + KH® + PtNClO^H®. 

The chemical behaviour of this body, and the existence of other bodies standing in 
simple relation to it, show, however, that the foregoing formula must be quadrupled, 
making it Pt'*N‘‘Cl'‘0^“H“^ {tetraehlorofiilmiplatinum). Its relations to the other 
fulmiplatinums may then he exhibited by the following equations, which indicate the 
derivation ffom it of (1) trwhlorhydroxyfulmiplatmum, (2) dichlorofulmiplatimm, and 
(3) chlorhydroxyfiilmiplatinum : 

(1) . + KOH = KOI + 

(2) . Pt^N<Cl‘Oi2H24 + 2202 = 2201 + Pt^N^CPO 12322 + 2220. 

(3) . Pt^N^Cli0i2224 + 3202 = 3201 + Pt^N4Cl(02) 012222 + 22=0. 

The constitution of these bodies is as yet undetermined. 

Tetrachlorofuhniplatmum, Pt'^N'^OPO 1222-1, — The preparation of this compound in 
the pure state is attended with great difficulty, one of its atoms of chlorine being very 
easily eliminated. It is formed on heating ammonium chloroplatinate. with aqueous 
potash (4-6 mols.), added very slowly until a temporary alkaline reaction is produced. 
The pale yellow precipitate is purified by repeated boiling with very dilute acetic acid 
and water. A slight excess of potash determines the formation of bodies containing 
less chlorine. 

It gives up half its chlorine when digested with aqueous ammonia, and three- 
fourths when evaporated with ammonia over the water-bath : whence it appears that 
two atoms of chlorine are eliminated easily, and a third less easily, whilst the first is 
firmly held in combination. The bodies formed from it by the action of ammonia 
explode violently when heated ; they have not been fully investigated. When gently 
heated with oxalic acid in presence of dilute sulphuric acid, tetrachlorofiilmiplatinum 
gives off a quantity of carbon dioxide corresponding to a loss of 3 atoms of oxygen 
from each mol. At 150® it gives off 4 mols. of water. 

Trichlorofulmiplaimim, Pt'‘2‘‘CP(02)0^2324^ jg formed when ammonium chloro- 
platinate is decomposed with an insufficient quantity of potash (4*5-5 mols.), added 
in small portions somewhat rapidly. At 150®, it loses 3 mols. of water, and when 
more strongly heated, it explodes, giving off gases which consist mainly of nitrogen, 
but contain also free oxygen. When treated -with ammonia, it gives up 2 atoms of 
chlorine. It is acted on by oxalic acid in the same manner as the previous compound, 
the carbon dioxide evolved corresponding with the loss of 3 atoms of oxygen from 
each molecule. After the reaction the liquid contains a black precipitate, which gives off 
ammonia when heated with soda. When gently heated in hydrogen, the trichloro- 
compound undergoes violent decomposition, yielding water, ammonia, and free 
nitrogen. 

Dichlorofulmiplatimm, Pt^]Sr‘^C120^2322^ jg formed on heating ammonium chloro- 
platinate with aqueous potash, added in moderate quantities until the liquid remains 
slightly alkaline and ceases to evolve ammonia. It is a fine yellow body, closely 
resembling the compound last described in most of its reactions. It is completely 
decomposed by treatment with zinc and sulphuric acid, the platinum being thrown 
down in a finely divided metallic state, whilst the whole of the chlorine goes into 
solution. Sulphur dioxide passed into water in which the compound is suspended, 
gradually dissolves it, forming a nearly colourless solution, which when neutralisecj 
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with sodium carbonate and evaporated, yields crystals of Birnbaum’s salt, 
(PtSO®,3Na2SO^)“,3H*^0 {Liebig^ s Annalen, cxxxix. 169). 

ChlorhydroxijfulmiflaUmm, Pt4N*01(0H)0^;H;22^ jg obtained as a dark yellow 
powder by heating ammonium chloroplatinate with 4*7 mols. of aqueous potash added 
at once, until ammonia is no longer evolved. It loses 4 mols. of water at 1 52°. When 
it is gradually heated to 260° with sodium carbonate, nearly the whole of the hydrogen 
is oxidised to water, whilst the hydrogen is for the most part set free. It is not 
appreciably acted upon by oxalic acid. With nascent hydrogen, it behaves like the 
dichloro-eompound. 

The foregoing results show that the decomposition of ammonium chloroplatinate 
by potash results in the formation of bodies containing equal numbers of atoms of 
platinum and nitrogen, whence it follows that ammonium chloroplatinate cannot be 
regarded as a double salt of platinic chloride and ammonium chloride, PtOP(NH‘‘Cl)-, 
the 2 atoms of nitrogen having essentially different functions in the compound. 
Direct experiment shows that when ammonium chloroplatinate is heated even with a 
large excess of potash, only half the nitrogen is eliminated in the form of ammonia. 

Platonitrites and Biplatonltrites (Nilson, J. pr. Chem, [2], xvi. 241 -278). 
Lang in 1861 discovered a double salt of platinum, which was produced on heating 
mixed solutions of potassium chloroplatinate and potassium nitrite (iv. 672). The 
composition of the salt was found to agree with the formula K'^Pt(NO-)‘, but its con- 
stitution was not then understood. Blomstrand in 1871 {J.fr, Ohem, [2], iii. 186) 
assigned to the salt, on theoretical grounds, the formnla (K — 0 — NO=:::NO— Oy-^Pt, 
in which the platinum was supposed to play the part of a diatomic element ; and this 
formula was supported by the fact, discovered by Blomstrand, that the salt readily 
takes up 2 atoms of chlorine or bromine to form a compound of totratomic platinum. 
On this view the salt may be regarded as containing the negative radicle 
miros 2 il : 

—NOztHO— 0\p. . 

— NOrrNO— 

and accordingly the corresponding acid (Lang’s acid platinom nitrite) may bo culled 
JPlatoteiranitrous, HdlatmotetranitTosylic, or simply ddlaionitrous acid, and its salts 
Platonitrites. 

The following platonitrites have been prepared and analysed by Nilson. Bxeept 
where otherwise stated, they were obtained by decomposing barium platonitrito with 
the sulphates of the respective bases. 

The potassium salt, K"(NO-)‘Pt, crystallises from mixed solutions of potassium 
platinochloride and potassium nitrite in small colourless brilliant four- or six-sided 
prisms ; it crystallises withoxit water from a solution of potassium chloride, but with 
2 mols. of water from aqueous solution. 

The ruhidkm and ccesium salts, Itb\NO-)^Pt and Cs'^(NO")'Tt, ol)tainod by decom- 
posing silver platinonitrito with rubidium or caesium chloride, crystalliso in small 
colourless or faintly-yellow transparent needles, which are permanent in the air and 
at 100°, and dissolve sparingly in water. The rubidium salt sfiparates from a dilute 
solution on spontaneous evaporation in crystals containing 2 mols. of water. 

Ammonium salt, (NH‘*)XNO*)'‘Pt + 2H‘0. — Formed by triturating oquivalcmt pro- 
portions of silver platonitrito and ammonium chloride with a little water. Crystal- 
lises in brilliant coloxirless or yellowish six-sided rhombic prisms, wliich arc permanent 
in the air, hut lose their water over sulphuric acid. The salt i.s decomposed with 
explosive violence when heated in the slightest degree over an open flame, leaving a 
bulky residue of spongy platinum. 

Thallium salt, TF(NO-)'*Pt. — Crystallises in small brilliant, colourless, semi- 
transparent prisms, very sparingly soluble in cold water, and stable in the air and 
at 100°. 

Sodium salt, Na^(N02)‘‘Pt. — ^From the silver salt and sodium chloride. Crystallises 
in long colourless six-sided rhombic prisms, easily soluble in water, and permanent 
at 100°. 

Lithium salt, Li“(N02)‘‘Pt + 3H“0.-— Obtained as the last. Crystallises in beautiful 
short rhombic prisms, which dissolve easily in water, turn moist in the air, and give 
off their water of crystallisation at 100°. 

Silver salt, Ag'(NO^)‘‘Pt. — Obtained by decomposing potassium platonitrite with 
silver nitrate, and crystallising the product repeatedly in presence of excess of silver 
nitrate. Small yellowish monoclinic four-sided prisms, permanent in the air, and 
sparingly soluble in cold water. 

Cahiim salt, Ca(NO^)‘Tt+6H*0. — Obtained by double decomposition of the 
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silver salt and calcium, chloride. Forms thin yellowish oblique four-sided prisms, 
which are permanent in moist air, hut effloresce over sulphuric acid, and lose the 
whole of their winter at 100°. The salt is very easily soluble. 

Strontium salt, Sr(NO^)‘*Pt -f 3H^O, — Obtained as the last. Forms large colourless 
or yellowish sis-sided prisms, which dissolve easily in water, lose two-thirds of their 
water at 100°, and bear a high temperature without decomposition. 

Barmm salt, Ba(NO*)'^Pt+ 3H-0. — Obtained as the calcium salt. Crystallises 
very readily in colourless brilliant tables or prisms, sparingly soluble in cold water, 
and permanent in the air. 

Pb(IS’0*)^Pt-f 3H“0. — Obtained as the calcium salt. Crystallises over 
sulphuric acid in yellow opaque six-sided monoclinic prisms, which lose their water 
at 100°. 

^ Magnesium salt, Mg(NO^)‘‘Pt-!- 5H-0. — Colourless transparent six-sided monoclinic 
prisms, easily soluble in water, permanent in the air and at 100°, but decomposed 
with great tumefaction by gentle heating. 

Manganese salt, Mn(NO“)’^Pt-f 8H-0. — Crystallises in beautiful large rose-red 
triclinic prisms, which gradually turn darker in the air. Blackens at 1 00°, ewolving 
nitric oxide. 

Cohalt Co(NO^)^Pt-i- 8H^O. — ^Large red prisms, isomorphous with the last. 

Easily soluble in w^atpr ; permanent in the air; decomposed at 100°. 

Nickel salt, IS[i(NO-)'*Pt-i-8H~0. — Beautiful green transparent very thin tables or 
laminse, which are easily soluble in water and permanent in the air, but decomposed 
at 100°, giving off red vapours. 

salt (basic), [Cu(NO'*)-‘Pt]^.CiiO -i- 18H=0. — From the barium salt and 
cupric sulphate. Crystallises in golden-yellow delicate needles, which are decom- 
posed by water, gi^ung a green solution and a dark-coloured precipitate. 

Coj} 2 ^er salt (normal), Cu(NO-)‘Pt-h 3H-0. — Crystallises from the mother-liquor of 
the preceding salt in very small green needles, which dissolve easily In water. De- 
composed at 100°. 

Zinc salt, Zn(NO“)'^Pt-i- 8H‘0. — Large colourless or yellowish transparent crystals, 
isomorphous with those of the manganese, cobalt, and nickel salts. Easily soluble in 
water. Decomposed at 100° 

Cadmium salt, Cd(N02)'^Pt + 3H=0. — Large yellow transparent monoclinic prisms, 
easily soluble in water, and efflorescent in the air. Gives off its water at 100° without 
fui’ther decomposition. 

Mermrous Hg2(NO“)‘‘Pt.Hg“0 — ^Precipitated on mixing solutions of 
potassium platonitrite and mercurous nitrate. Small pointed prisms nearly insoluble 
in water, and becoming anhydrous at 60°. 

Aluminitun salt, Al'[(NO-)^Pt]^-i- UH^O. — ^Large colourless apparently cubical 
crystals, very easily turning red owing to formation of diplatonitrite (see below). 
Decomposed at 100°. 

Yttfviim salt, Y“[(E02)‘^Pt]^ 9H"0. — Small lemon-yellow, oblique four-sided 
prisms, permanent in the air and easily soluble in water. The mother-liquor deposits 
a salt with 21 mols. water, in long colourless or yellowish crystals, which lose 18 mols. 
of water at 100°, 

Erhiiim salt, Er2[(NO-)^Ptp-l- 9H-0. — Small yellow oblique four-sided prisms, 
easily soluble in water and permanent in the air. Another salt containing 21 mols. 
water is deposited from the mother-liquor in large reddish crystals. 

Cerium salt, Ce^[(NO‘)-‘Pty -f 18H-0. — Yellowish oblique four-sided tables or 
rhombohedrons, easily soluble in water. The salt quickly undergoes alteration in the 
air and loses 15 mols. water at 100°. 

Lanthanum salt, La^[(NO‘)'‘Pt]®-h 18H-0. — Closely resembles the preceding. Dis- 
solves very easily in water, and deliquesces in moist air. 

Lidymiwn salt, Di-[(N02)^Pt]®-t- ISBl^O- — Eesembles the two last. Easily soluble 
in water ; permanent in dry air; loses five-sixths of its water at 100°. 

PlatO'iodonitrites, R2];^'0-‘I-Pt=:R-(hr02)2I2pt (Nilson, Ber. x. 930; xi. 879). 
These salts are formed by the action of iodine and alcohol on the platonitrites. When 
1 mol. iodine in alcoholic solution is brought in contact with 1 mol. platonitrite of 
potassium or barium, a dark brown-red liquid is formed, which, when left to evaporate, 
deposits small black crystals, probably of an addition-product ; but on heating the 
liquid to 30°-40°, it rapidly gives off gas, including aldehyde-vapour, becomes lighter 
in colour and finally amber-yellow, and when left to evaporate yields crystals of the 
plato-iodonitrite. The potassium salt, K^N-O'I^Pt + 2H-0, crystallises in large four- 
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sided, sHmng, amber-jellow prisms, whicb are permanent in tbe air, and give off 
nothing but their water of crystallisation at 300°. The platinum in this salt is not 
precipitated by hydrogen sulphide, or the iodine by silver nitrate. The bar mm salt, 
BaN-0‘‘I"Pt + 4H'0, crystallises in beantiful oblique four-sided prisms having an 
amber- yellow colour and diamond lustre, permanent in the air, and giving off part of 
their water at 100°. The silver salt is thrown down on adding silver nitrate to the 
solution of either of the preceding salts, as a lemon-yellow precipitate wdiich is very 
slightly soluble in water, and when left upon filter-paper, acquires a blood-red colour, 
being probably resolved into silver iodide and a platinonitrosylic acid. 

The other plato-iodonitrites are mostly prepared by the action of a metallic 
sulphate on barium piatoiodonitrite. The silver, lead, and hydrogen-compounds are, 
however, precipitated from the barium salt by tbeir respective nitrates, and tbe 
calcium and strontium platoiodonitrites are obtained from the platonitrites by the 
action of iodine and alcohol. The silver, lead, thallium, and hydrogen salts are 
insoluble in water, the remaining salts are soluble. Most of the platoiodonitrites are 
very stable, and do not decompose at 100°; others, however, split hp into nitrite and 
piatinous iodide. 

Riibidkcm piatoiodonitrite, -i- 2H^O, forms large shining tabular 

crystals, which lose their water of crystallisation at 100°. The ccesium salt, 
Cs’-^N’-^OT-Pt-t- 2H“0, crystallises in small prisms, which lose their 2 mols of water at 
100°. The amynonium salt, (NH*)-N-OT“Pt + 2H-0, forms large tabular crystals, which 
decompose slowly at 70°, but rapidly at 100° into water, nitrogen, and piatinous 
iodide. Thallium piatoiodonitrite, Tl-N-OM-Pt, separates out as an insoluble crystal- 
line precipitate, when sodium piatoiodonitrite is added to a solution of thallium 
sulphate. The soditmi salt, Ka^br-O^PPt-i-4H-0, crystallises in large prisms, which 
lose their water at 100°. The lithium salt, Li-N-O^PPt-f 6H^O, forms long deli- 
quescent prisms, which lose 5 mols. water at 100°. The calcium salt, CaN’-OT^Pt-f 
6H^O, crystallises in large prisms, which only lose 1 mol. water at 100°. The 
sirontiim salt, SrN-OT-Pt + 8H-0, forms large four-sided prisms which give off 6 mols. 
water at 100°. The lead salt, PbN“0‘I-Pt-}-PbO“H^ is precipitated on the addition 
of lead nitrate to the barium salt. The magnesium salt, MgN“0'‘PPt -j- 8H-0, crystal- 
lises in large four-sided tables ; the manganese salt, MnN^OT^Pt-l- 8H'^0, is deposited 
in irregular six-sided prisms, which are completely decomposed at 100°, TUckel and 
cobalt platoiodonitrites iQTca respectively green and yellow four-sided prisms, containing 
8 mols. water, and decomposing at 100°. The /errows salt crystallises in greenish- 
yellow four-sided prisms, containing 8 mols. water, and is decomposed at 100°. 
The copper salt has not been obtained in the pure state. Zinc piatoiodonitrite, 
Zn^^'O^I“Pt -i- 8H^O, forms four-sided prisms, which are decomposed at 100°. The 
cad7nium-cQm'po\md, CdN-O-^I-Pt H- 2H-0, does not change when heated at 100°. 

When mercuric chloride is added to barium piatoiodonitrite, mercuric iodide is 
precipitated; mercurous nitrate produces a dark-brown precipitate having -the formula 
Hg-N-OT^Pt -I- Hg-0 QH^O. 

Beryllium !Be-(N“OM-Pt)^ -1- ISH^O, [Be = 13*8], or BeN-O^PPt-f 

6H*0 [Be:=9'2], forms small yellow crystals, which decompose at 100°. The alu- 
minium salt contains 27 mols. of water, and in other respects resembles the preceding 
compound. The solution of the chromium salt decomposes on evaporation in a vacuum. 
Ferric piatoiodonitrite, Fe-(N~0‘*I2Pt)®-{- 6H"0, crystallises in greenish-yellow needles, 
which decompose at 100°. 

Yttrium piatoiodonitrite, Y^(N"OT-Pt)^-!- 27H20, is a yellowish-green deliquescent 
crystalline mass, which decom^ses at 100°. The erbium and cerium salts contain 
18 mols. of water, lanthanum and didymium contain 24; in other respects these 
platoiodonitrites resemble the yttrium-compound. 

Biplatonitrites, R“[(N02)2Pt]-0, or q’p^O> denoting a uni- 

valent metal. On attempting to prepare the platonitrites of beryllium, iron, and 
indium in the manner above described, it was found that these salts could not he 
obtained, but that, instead of them, the corresponding diplatonitrites were produced, 
being formed from the platonitrites, with evolution of nitrogen trioxide, as shown by 
the equation 

2E2(N02)^Pt = B2[-(i;fo-)2Pt]20 + 2mO- -f 

Some of the platonitrites above described are also partially converted into diphito- 
nitrites when their solutions are heated. The following diplatonitrites have been 
analysed : 

Beryllium salt, Be[(NO^)-Pt]20 + 9H"0. — Red prismatic crystals, sparingly soluble 
in water, forming a bright-yellow solution. Loses two-thirds of its water at 100°. 



PLATINUM 1655 

Ferric salt, Fe^[(N0®yPt]®0® + 30H-O. — Eesembles the beryllium salt. Easily 
soluble in hot water. Loses four -fifths of its water at 100°. 

Indium salt, In^(0H)^[(N02)2Pt]‘^.02+ lOH^O. — ^Yery small red needles sparingly 
soluble in water, forming an orange-red solution. 

Silver salt, Ag2[(N02)^Pt]2.0.— Tufts of greenish very small four-sided prisms, 
insoluble in water. 

Aluminiimi salt, AP(OH)2[(NO^)-Pt]^O2 + 10H2O. — Brilliant orange-red small 
needles, permanent in the air, easily soluble in hot water and alcohol. 

Chromium salt, Cr^(0H)-[N0-)“Pt]'‘0--i-24H“0. — Small red crystals forming a 
greenish- violet solution in water. Giives off 18 mols. water at 100°. 

Triflatoctonitrosylio acid, Pt^O(NO^)®H^, is formed, with evolution of 
nitrogen trioxide, when an aqueous solution of platinonitrous or platinotetranitrosylic 
acid is left to evaporate : 

3ft(N02)4H2 = Pt30(N02)8H^ + 2WO^ + H^O. 

It is permanent at 100°, and forms a potassium salt, Pt30(NO-)®K‘* + 23^0, which 
crystallises in small oblique elongated four-sided plates, having a chrome-yellow colour 
and nacreous lustre, dissolves with moderate facility in warm water, and crystallises 
out again immediately on cooling. It is permanent in the air, and gives off nothing 
but its water of crystallisation at 100°. 

Phosphoplatinic Compounds. 

G-. Quesneville {Monit, scient, [3], vi. 659) has studied the action of ammonia and 

aromatic amines (aniline, toluidine) on the compounds GPP = PtOl- and 

first obtained by Baudrimont, and further examined by Schiitzenberger (vii. 987, 
990). 

On adding ammonia to a solution of phosphoplatinic chloride, PCPPtCP, in 
benzin, a white precipitate is formed, having the composition P(NH“)^PtN2H'^,2HCi -I- 
3lSrH‘Cl, but whether the ammonium chloride and the phosphoplatinum compound 
are chemically combined or merely mixed has not yet been decidei as the two appear 
to be about 'equally soluble in water. The P(OC^H^)®PtCl-, obtained 

from the chloride by the action of alcohol, is acted on by ammonia in a similar manner, 
yielding the compound P(OC^H®)^PtN-Hh2H01. The chloride, (PCP)*Pt01‘, gives 
with ammonia the compound P-(NH“)®.PtN-Hh2HCl-f6NB[^Gl,* and the corresponding 
ether, P-(OC-H®)®PtCi-, yields the compound P-(OC“H^)®PtN''^H'^.2HCl. 

The action of the aromatic amines on the phosphoplatinic chlorides is somewhat 
different, yielding compounds soluble in benzene, but insoluble in water, and repre- 
sented by the formulae : 

P(NHC«H^)3PtCP,NH2C«H«.HCl and P(NHC^H0PtCr^.NH2C^H’'.H:Cl. 

They are decomposed by water, yielding respectively the compounds : 

P(NHC«H^)3PtC10H and P(NHC^H0^PtClOH 

A similar action is exerted by aniline and toluidine on the ethers of phospho- 
platinic chloride, the product being the aniline-compound P(OC-H^)^PlCP.NH(C®B[^), 
being converted by the action of potassium hydrate into P(OC-H^)8Pt(OH)2.NH(C“H®). 

Amongst the products of the action of aniline on di phosphoplatinic chloride, 
(PCP)“Pt01-, only the compound P-0(NHC“H8)'*PtC10H could be obtained pure ; it 
is formed when the alcoholic solution of the immediate product of the reaction is 
precipitated with water. 

• .PtCP 

Biplatino ^hosylioric Chloride, PCP.2PtCP = CPP^ [ (D. Cochin, 

^PtCl® 

Compt. rend. Ixxxvi. 1402). — This compound is formed by fusing phosphoplatinic 
chloride with platinous chloride. A considerable rise of temperature takes place, 
and the mass thickens, becoming nearly solid towards the end of the operation. The 
product dissolves in alcohol, forming the ether P(OC^H®)^2PtCP. The deep-red 
solution forms no precipitate with water or with ether, but with aniline, toluidine, &c. 
a reaction takes place, the mixture, when heated on the water-bath and then left to 
cool, depositing greenish or yellowish crystals which are free from phosphorus, and 
consist of Pt0r^.2C‘*H^IS' or PtCl-.2C^H8N respectively. The liquid separated from 
the crystals yields, on addition of water, a copious crystalline precipitate, consisting 


OPP\ 

I y tci-, 
CPP/ 
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of the ‘compound P(0C2H^)3.Pt(C«H-NH)2.2H01 or P(0C2H5)».Pfc(0^H^NH)2.2HCl 
respectively. 

The methylic and ethylic ethers of diphosphoplatinic chloride, (PCP)-PtCl“, yield 
with aniline and toluidine the following crystallised compounds : 

P={OC2H^)«,Pt(C«H^KH)2 2HCi 

p-XOC-H0'’.Pt(C'H^NH)2 2HC1 ; P2(OCH3)«.Pt(C«H5NH)2 2HCi 
P2(OCH3)6.Pt(C'H^NH)2.2HCL 

Platlno-tungrstates and Platino-moly to dates (W. G-ibhs, Ber. x. 1384; Sill. 
Am. J. [3], xiv. 61). These salts, analogous to Marignac’s silieo-tungstates (v. 915), 
are formed by boiling an acid tungstate or molybdate with platinic hydroxide. 

Sodiuyn Blatino-tungstate, 10WO^.PtO“.4Na2O + 25H-0, is obtained in this manner 
from sodium silico-tungstate, as a green solution, which turns red when concentrated, 
imd ultimately deposits the salt in fine large olive-green crystals. It is easily soluble 
in water, and forms flocculent or indistinctly crystalline precipitates with the salts of 
the heavy metals and those of the higher alkaloids. 

Simultaneously with this green sodium salt, there is also produced an isomeric or 
metameric compound, which separates in large crystals having a honey-yellow colour 
and diamond lustre, and forms the starting point of a second or yellow series of 
platino-tungstates. The potassiiiyn and ammoniim salts of this yellow series are repre- 
sented hythe formulas 10WO®.PtOl4E-O-f 9H~0 and 10WO^PtO-.4(NH^)-O-f- 12H-0. 

Sodium ‘Platmo^molybdate, 10Mo0^Pt0-.4lIa'0-}-29H^0, obtained by boiling acid 
sodium molybdate with platinic hydroxide, likewise forms a green solution, and 
separates therefrom in amber-yellow tabular crystals. It dissolves readily in water, 
and gives precipitates with salts of the heavy metals and alkaloids. The silver salt 
is pale green and crystalline. A second sodium salt, probably an isonieride, has like- 
wise been obtained. 

The free acids, obtained by decomposing the respective silver salts with hydro- 
chloric acid, are greenish or yellow-green compounds. 

PXiBOlNTAST. The pleonasts of Latium exhibit, according to J. Striiver {Zeitsclw. 
Kryst. i. 233), the forms 0, oo 0 co, oo 0, 303, 202, 606, SO, 70, oo 03, 50|, among 
which 30, 70, ooOS, 202, 606, and 50| are new for spinel. The crystals are rarely 
separate, being mostly imbedded in ejected blocks. 

PXiXTMBOXVXAXaTGAK'ZTB. A sulphide of lead and manganese (in the collec- 
tion of the University of Glasgow), founcl in a ‘pocket’ in gneiss below a deposit of 
argentite. Sp. gr. = 4'01. Structure somewhat crystalline. Colour dark steel-grey 
with a bronze tinge when weathered. Easily oxidised by nitric acid, slowly attacked 
by boiling sulphuric and hydrochloric acids. Analysis gave 40-00 per cent, manganese, 
30*68 lead, and 20*73 S, agreeing very nearly with the formula PbS.3MnS (J. B. 
Hannay, Mineralogical Magazine, 1877, 149). 

PXiXJMlBRIC ACID, C^«Hi«05 (A.^G. Oudemans, Liehig^s Annalen, clxxxi. 
154). An acid obtained from the milky juice of BkmieriaacutifoUa, an apocyanaceous 
shrub largely grown in Java and the other Simda islands. The material examined 
by Oudemans was collected by de Vrij, who evaporated the fresh juice to dryness at 
100°, and obtained 30*5 per cent, of residue consisting chiefly of an organic calcium 
salt, a kind of caoutchouc, and resins. To isolate the calcium salt, the substance was 
exhausted with petroleum-naphtha and the residue heated with dilute acetic acid, 
which dissolved the salt, while parts of the plant and a humus-like mass remained 
behind. On concentrating the solution, calcium salts of different forms separate out, 
all, however, containing the same acid. The free acid is obtained by converting the 
calcium salt into potassium plumierate, decomposing the latter with sulphuric acid, 
and extracting the solution with ether. It is readily soluble in alcohol and freely 
hut slowly in ether. In cold water it dissolves but very sparingly, and from a hot 
solution it separates in microscopic crystals, or on slow evaporation in indistinct 
crusts. It melts at 139°, and decomposes at a temperature a few degrees higher, 
giving off first wafer and acetic acid, then an oily distillate having the odour of 
cinnamic aldehyde, while a small quantity of a crystalline substance sublimes. When 
the oil is oxidised, a crystalline acid is formed. On melting plumieric acid with 
potash, ah acid is formed, giving the characteristic reactions of salicylic acid. 

Plumieric acid is most probably a meiliQxyl-liydToxyoimiamiG acid, 
G®H-(OS)-(CB[^OB[)(COOH), and forms four series of salts, according as only the 
carboxylici hydrogen, or in addition one or more of the three hydroxylic hydrogens, is 
replaced by a metal. The teti'a^otassic salt, + 3H-0, forms inonoclinic 

crystals,;^. CO P, co P co, and OP, and is very soluble and deliquescent. On dissolving 
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the acid in ammonia and evaporating the solution under an exsiccator, crystals of a 
deliquescent salt are frequently formed, -which give, with silver nitrate, a precipitate 
containing 3 atoms of silver. On standing longer, the crystals disappear, and ^an 
amorphous residue is obtained, which is readily soluble and gives a silver salt containing 
2 atoms of the metal. The calckm salt, (C^“H®0®)“Ca + 8H-0, is obtained by dissolving 
molecular proportions of the acid and the dicalcic salt in water and evaporating, when 
the salt crystallises in small hexagonal pinacoids. It dissolves in 200 pts. of water 
at 20°, and much more freely in boiling water. C^^H^CaO^ + dH-O exists in the juice 
of the plant and forms rhombic crystals, showing the faces odP, coPoo, pao in OP. 

1 pt. dissolves at 20° in 400 pts. of water ; in boiling water it is a little more 
soluble, easily forming supersaturated solutions. (C'®H"0^)-Ca®+ 8H-0 was obtained 
in small thick prisms by adding lime-water to a hot solution of the last salt. A 
salt with 10 mols. of water was once obtained by exhausting the crude calcium salt 
with hot water. Silver salts. — C'°H®Ag“0^ -t WO is a white crystalline precipitate ; 
+ l-JH^O is a similar body crystallising from hot water in needles. 

When plumieric hcid is oxidised by a dilute solution of chromic acid, it is resolved 
into formic acid (or carbon dioxide), and the acid, which is very sparingly 

soluble in water; its silver salt, C^H^Ag'^0^ separates from a warm solution in fibrous 
crystals. 

When plumieric acid is heated with water and sodium-amalgam on a water-bath, 
it combines slowly with hydrogen to form hydroplumieric acid, which 

on evaporation of its ethereal solution, separates as a varnish, becoming crystalline 
on standing, and freely soluble in water. 

BOBOCARPSC ACXB, (Oudemans, Ber. vii. 1122, l]2o; Liebig's 

Aiinalen, clxx. 213). A resin-acid, forming the principal part (at least 98 per cent.) 
of a resin found by J. E. de Vrij in the trunk of an old tree, Podocarpus CupressincB, 
var. imbricata (Blume), growing in Java. To obtain the acid, the resin is dissolved, in 
alcohol, and the solution, mixed with as much water as can be added without producing 
turbidity, is left at rest for a few hours, whereupon it deposits white needle-shaped 
crystals, which may be nearly purified by four or five crystallisations from dilute 
alcohol. To obtain the acid quite pure, however, it must be converted into the sodium 
salt and separated therefrom. 

Podocarpic acid crystallises from dilute alcoholic solution, either in thin rhombic 
plates exhibiting the_ combination OP . ooP . ooPoo, or in more massive crystals 
formed of a prism ccP^i of about 60°-65°, the basal face OP, and several alternately 
developed macrodomes P co, which produce a striated ventricose surface. It is in- 
soluble in water, very slightly soluble in benzene, carbon sulphide, and chloroform, 
somewhat more soluble in dilute acetic acid, very easily in alcohol,^ ether, and glacial 
acetic acid. It is optically active, its specific rotatory iDOwer at 15° for sodium light 
being -h 136°. It melts at 187°-188°, and resolidifies to an amorphous glass. Wlien 
heated above its melting point, it volatilises slowly, diffusing a peculiar aromatic 
odour. At about 130° it is resolved into its anhydride and water: 20^^H"-O^=: 
H“0 + and at a higher temperature it is decomposed in the same manner as 

its calcium salt (m/m), excepting that in the case of the free acid the volatile products 
(carpene and paracresol) occur only in traces. 

Podocarpic acid forms three series of salts, represented by the formulae : 


017H2103M') 

and 


C17H2005M" 


It decomposes the carbonates of the alkali-metals when heated therewith, forming 
exclusively salts of the first kind, even in presence of excess of alkali. The neutral 
solution of the acid in ammonia, from which silver nitrate throws down the salt 
Oi^H^^AgO^, gives off ammonia on exposure to the air, and is converted into a hyper- 
acid salt ; with the fixed alkalis similar salts could not be obtained. Of the sodium 
the only one which has a constant composition is 0^’^H"^NaO^+ 7H^O.^ This 
salt forms long shining needles with rhombic transverse section, which give off 
5 mol. water over sulphuric acid, and dissolve in about 3 pts. water at 21°. For its 
specific rotatory power the following values have been obtained : 


( Concentration 0*046 
In aqueous solution -I Concentration 0*064 
(Concentration 0*138 
In alcoholic solution ; Concentration 0*09 


D =s + 82*1° 

a jj s=s + 78‘8 
[a]^ = +73-3 

[a D *= +86*1 
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The following podocarpates have also been analysed : 


C17H1'203)- + 


(017H2103)2Ba + 


Oi7H2«03Ba + 


/ zwo 

i 4H20 

H^O 

( zmo 
J 8H-0 

) 9H20 
lloH^O 
8H"-0 


(CirH2i03)2Ca 
(Oi7H2io3)2Ca 
Qi7H2oo3Ca 
(Ci7H=iO02Pb 
Cl7H20O3pb 
(0'^H2»0=’)2Pb ) 
2C17H2203j 
C^’H-'O^Ag 


+ 5H20 

+ lOH^O 
+ ^^H-O 

+ 4H-0 

+ H=0 

+ lOH^O 
+ 2^F^O 


The mdhylio ether, C^’H-’0^(CH=*), prepared from the silver salt, forms small 
granules, easily soluble in alcohol, melting at 174° ; the ethylie ether, 
slender needles, easily soluble in alcohol and chloroform, melting at 143°-146°. 

l)eco 7 nposition of Podocarpic Add by Heat — ^When calcium podoearpate is subjected 
to &ry distillation from short combustion-tubes, a tarry liquid is obtained, which, 
when distilled with small quantities of water as long as oil-drops continue to pass over, 
yields first a mobile liquid lighter than water, then a thicker liquid which sinks in 
water and dissolves in alkalis, whilst the greater part of the tar remains behind. 

The two volatile substances, which may be completely separated by means of 
potash, consist of a hydrocarbon, called carp e n e, and a cresol, which from its 

odour, its boiling point (202°), and the melting point (68°) of its benzoyl-derivative, 
appears to be paracresol. 

Carpene is a mobile liquid which is lighter than water, smells like oil of 
turpentine and cinnamene, and boils at 165°-lo7°.^ It dissolves readily in alcohol, 
carbon sulphide, and benzene, absorbs oxygen rapidly from the air, and is converted 
thereby into an amorphous resinous body ?). Monobromo-carpene, C’^H^^Br, 

is formed, with evolution of PCBr, on slowly mixing a solution of carpene (1 mol.) in 
carbon sulphide with bromine (1 mol.), also dissolved in carbon sulphide, and remains 
on evaporation as a syrupy liquid, stable at ordinary temperatures. Pibromocarpene, 
C®H^-Br2 produced by the further action of bromine, decomposes gradually, with 
formation of dark-coloured products. The vapours of both these bromine-compounds 
strongly attack the nose and eyes. The oxidation of carpene with chromic acid mixture 
or nitric acid does not yield terephthalic acid ; whether any other aromatic acids are 
formed is a point not yet determined. 

HydrocaTpol,(P^Bi^O . — The tar which remains after the carpene and cresol 
have passed over, boils in a vacuum at 220°, yielding a viscid yellow strongly refract- 
ing distillate, which has a faint aromatic odour, and, when exposed to the air, gradually 
becomes darker without notable decomposition. This liquid is bydrocarpol ; it is 
insoluble in water, but dissolves easily in alcohol, ether, benzene, and carbon sulphide ; 
also in alkalis, and is separated therefrom by hydrochloric acid. When boiled with 
nitric acid, it yields an easily decomposible nitro-product, which has an odour of musk 
and crystallises from alcohol with great difficulty in brown-red granules. Hydrocarpol 
when distilled under ordinary pressure partly goes over unaltered, and is partly 
resolved at about 360°-400° into carpene, metacresol, and small quantities of a solid 
phenolic substance, which makes its appearance towards the end of the distillation. 
The same products are obtained from the original tarry residue if it be distilled under 
ordinary pressure instead of in a vacuum : he nee this tarry matter consists mainly of 
hydrocarpol. The solid phenolic body, methanthrol, melts at 122°. 

Tree podocarpic acid when heated is first resolved at about 330° into water and 
the anhydride G^'‘iI‘‘-0®. On continuing the heat, the same products are obtai ned as 
from the calcium salt, excepting that the volatile products, carpene and metacresol, 
are obtained only in traces. The gases formed at the same time consist of CO^ (rather 
more than 1 mol. to 1 mol. of the anhydride), CO (about 0*7 mol. to the same quantity), 
and methane. Oudemans thinks it probable that in the distillation of calcium podo- 
carpate there is first formed a phenol, together with hydrocarpol, 

and that this phenol is then resolved partly into carpene and paracresol, partly into 
hydrogen (which is given off in the form of water) and hydrocarpol, which forms by 
far the largest portion of the product. These reactions may be represented by the 
following equations : 

(1) . = CaCO» + CO + 

(2) . = C^H’^ + C’'H80 

(3) . = C‘«H2»o + m 


* Tne same equation, with omission of CaO, will apply to the decomposition of podocarpic 
anhydride, 
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The methanthrol, is formed by a secondary reaction, probably thus 

30162200 = + 2C'HS0 + 20®H" + CH', 

which likewise accounts for the occurrence of methane. 

Podocarpic acid, distilled with 2:mc-diiiit,jie\diS methanthren e, (p. 1301 j. 

M'itropodocarpie iLcids. By the action of nitric acid on podocarpic acid two 
nitro-acids are produced, which also form with the alkalis salts containing 1 and 2 
atoms of metal ; the monometallic salts are' of a fine red colour ; the bi-metallic salts 
are honey-yellow and less stable. The ammonium salts readily give off the whole of 
their ammonia. 

MononitTO‘podooaTfio acid, is best prepared by prolonged 

heating of podocarpic acid with dilute nitric acid (1 pt. nitric acid, sp. gr. l-Si to 6 or 
6 pts. water). It forms small irregular crystals, insoluble in water and in carbon sul- 
phide, very slightly soluble in chloroform and benzene, sparingly in cold, somewhat more 
freely in boiling alcohol, melting at 205°. The dipotassiiim salt, C^^H'^(NO“)O^K- + 
crystallises Only from solutions containing excess of alkali, in red needles with 
green reflex, easily soluble in water and in alcohol. The monopotasskmi salt exists 
only in alcoholic solution, being decomposed, on evaporation or on addition of water, 
into the free acid and the dipotassium salt. The disodium salt, G^^H^“(N0-)0®Na- + 
GH^O, forms cinnabar-red laminae, easily soluble in water and in alcohol. The 
diammonium salt, ^^^0, ioims garnet-red monoclinic crystals, 

which are decomposed by contact with the air and by water. The monobarium salt, 
0i72i9(]s[O-)O®Ba+ 7H-0, is obtained in red needles an inch long, on cooling a mixture 
of the warm solutions of the dipotassium salt and barium chloride. It also crystallises 
with 3 mols. water in small brown spherical groups, or is precipitated on adding 
barium chloride to a very strong solution of the nitro-acid in ammonia, as a fine dark 
carmine-coloured powder, which, while suspended in the liquid, gives it the appearance 
of arterial blood. The hemibariu-m salt, [C^’I[‘®(N0“)0®]-Ba + 4H^O, forms yellow 
needles, sparingly soluble in water and in cold alcohol. The monocalcium salt, 
C^"H^^(lJ02)0^Ca + 4H^0, crystallises in slender orange-red needles, nearly insoluble 
in water'.' 

Dinitropodocarpic acid, is produced by cautiously heating 

podocarpic acid with nitric acid of sp. gr. 1*34, or in a state of greater purity, by 
boiling sulpho podocarpic acid with nitric acid. It forms pale yellow crystals similar 
in shape to those of potassium ferrocyanide, but probably belonging to the ortho- 
rhombic system, li is insoluble in water, sparingly soluble in chloroform, benzene, 
and carbon sulphide, moderately soluble in alcohol. Melts at 203°. Becomes brown- 
ish in sunshine. The dipotassmm salt, 5H-0, crystallises only in 

presence of free alkali. It is very soluble. The monobarium salt, 

4H-0, separates from a moderately concentrated ammoniacal solution of the dinitro- 
acid mixed with barium chloride, in shining, brown-red, strongly polarising rhombic 
laminm. It is nearly insoluble in water and in alcohol. The diargentic salt, 
C^^II^^Ag'(N02)-0^ + 4H"0, is precipitated by silver nitrate from a boiling solution of 
the barium salt in orange-red coloured flocks. 

Amidopodocarpic Acids are formed by treating the nitro-acids in alcoholic 
solution with tin and hydrochloric acid, but they are very unstable, and have not 
been obtained in a state of purity. Hydrochloride of monoamidopodocarpic acid has 
the composition C»’H‘-^'(NH'-)0«.HC1 + JH-0. 

Sulphopodocarpic Acid, is formed by gently heating podo- 

carpic acid with 3 pts. sulphuric acid. On adding water, the unaltered podocarpic 
acid separates out, and the sulpho-acid remaining in solution may be freed from excess 
of sulphuric acid by means of baryta. The red aqueous solution of sulphopodocarpic 
acid exhibits a splendid fluorescence, red, blue, or emerald-green, according to the 
particular conditions of the preparation. The solution of the yjzire acid is not fluor- 
escent ; it dries up in the exsiccator to an amorphous mass having the composition 
8H^O. Even very dilute solutions of this acid give, when boiled 
with traces of nitric acid, a precipitate of dinitropodocarpic acid. 

Sulphopodociirpic acid is a strong acid, and forms two series of salts. The disodkm 
salt, C^’H^®Na“(S0^H)0^ + 7H^O, forms rosettes of easily soluble crystals. The mo7io- 
barium salt, G‘’H^®Ba(S0®H)0^-t- 8H-0, crystallises in white laminae, unctuous to the 
touch, very soluble in boiling water and alcohol, less soluble in cold water. The 
hmnibarmm salt, [C^^H“°(S0^H)0^]‘"Ba-l- 3II-0, prepared by treating the preceding 
salt with acetic acid, is much less soluble, monocalcium salt, G*^JE’°0a(SO^H)O^ + 
7H®0, forms thin laminae, for the most part concentrically grouped. 

Etbylbromopodocarpic Acid, C^’H^(C^H^)BrO®. When bromine (2 mols.) is 
added to podocarpic acid (1 mol.) immersed in carbon sulphide, streams of hydrogen 
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bromide are giren off, and the resulting bromo-substitution -product dissolves in the 
liquid ; but the solution when evaporated leaves a residue which cannot be made to 
crystallise. When, on the other hand, solutions of podocarpic acid and bromine in 
ether containing alcohol are mixed together, the mixture, which becomes warm and 
soon loses its colour, leaves on evaporation a resinous residue which suddenly 
becomes crystalline. The product thus obtained separates from warm alcohol in 
rather large shining crystals consisting of an alcoholate ©f ethylbromapodocarptc Cboid, 
This compound melts at a temperature above 80®, and 
after prolonged heating leaves ethylbromopodoearpic acid as a white crystalline 
powder, which melts at 158®, and forms with alkali-solutions salts which dry up to 
gelatinous masses. 

Acetylpodocarpic Acid, formed by the action of acetyl 

chloride on podocarpic acid, crystallises in small needles, melts between 150® and 152®, 
and resolidifies to a transparent resin. 


ConstiUttion ofl^odooaryicAcid . — From the formation of the substitution-derivatives 
above described, and from its mode of decomposition when heated alone, and with 
zinc-dust, Oudemans infers that the constitution of podocarpic acid may be most 
simply represented by the formula : 

CfiH2(OH)(COOH)(GH3)(C®H^5) . 

moreover, that the radicle is most probably an addition-prodxict of benzene, so 
that this formula may be resolved into one of the following, which represent it as a 
derivative of diphenyl : 

CSH2(C02H)(0H)(0H=*) C«H2(CO^-H)(OH)(CH3) C‘’H'(C02H)(0H)(CH«) . 

The resolution of calcium podocarpate by heat into CaCO^, and C^H®0 may 

perhaps be most readily explained by assigning to podocarpic acid the structure 
represented by the following formula : 
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The formation of paraeresol by the decomposition of podocarpic acid shows that 
the radicles OH and OH^ must be in the relative positions 1 : 4. 

POBOPHlTliXiUM. On the constituents of Podophyllum 2)eltatu77i, see W. C. 
Busch {Pharm. J. Trans. [3], viii. 424 ; Chem, Soc. J, xxxiv. 325). On the Colour of 
Podophyllum resin, as affected by its state of aggregation, see Senier a. Lowe {Pharm. 
J. Trans. [3], viii. 443 ; GJumi. Boo, J. xxxiv. 326). According to P. B. Power 
{Pharm. J. Trans. [3], v. 244), the resin extracted from podophyllum by alcohol may 
be separated into two different substances, one of which is soluble in ether, the other 
insoluble. The soluble portion acts on the organism much more powerfully than that 
which is insoluble in ether. 


POXiVBYMXTXi, A native sulphide of nickel, crystallising in the regular 
system, in octohedrons which are polysynthetically twinned, the twin-plane being a 
face of the octobedron. Most of the crystals are tabular, through predominance 
of the face parallel to the twin-plane, and there are also prismatically developed 
octohedrons. Cleavage incompletely cubical. Fracture uneven to conchoidal. 
Hardness = 4 — 5. Sp. gr. 4*808-4*816. Somewhat sectile. Colour on freshly 
broken surfaces light steel-grey, becoming very soon dark -grey or yellow. Decrepitates 
before the blowpipe ; fuses on charcoal to a blackish-green magnetic bead. Dissolves 
in nitric acid with separation of sulphur; does not dissolve in hydrochloric acid, but 
enclosed bismuth-glance is dissolved out by this acid. Strong metallic lustre. 
Chemical composition as follows : 

Kt Co Fe S As Sb 

53-508 0-606 3*844 40*270 1*041 0*608 « 99-777 

This analysis leads to the general formula, E-'S^. Polydymite is found in veins of 
other ores at Sayn-Altenkirchen, accompanied by millerite, bismuth-glance, zinc-blende, 
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gersdorffite, and nllmannite, lying on a layer of spathic iron and qnartz. On one 
specimen the crystals were found to have lost their metallic lustre, and to have been 
conyerted into a reddish-brown substance. On breaking some of these pseudomorphs, 
it was observed that they were penetrated by fresh aeicular millerite. A careM 
examination of these crystals leads to the inference that the polydymite and millerite 
were formed simultaneously (H. Laspeyres, J". Chern. [2], xiv. 397; Jahrb. f. Min. 
1876, 737 ; 1877, 296). 

POZiVKAXiXTB. This mineral, from Stebnik in Oalicia, has been analysed by 
M, y. Lill. A. gives the direct results of analysis ; E. the corrected values, after 
deduction of ferric oxide and sodium chloride : 

CaSO-‘ MgSO* KaCl Fe=0“ H=0 

A. 44*47 20-22 27*14 1*61 0-04 6*25 == 99*73 

B. 45*22 20-56 27*60 — — 6-35 = 99*73 

Gr. Krause (Arch. ^harm. [3], vi. 325) has analysed polyhalite from Stassfurt, 
with the following iBsults, A. and E. denoting as above : 

CaSO* MgSO* NaOl IdsoI H“0 

A. 32*53 13*11 24*82 18*17 0*95 10*58 = 100*16 

B. 40*14 16*17 30*62 — 13*05 99*98 

POliiriVIBRlSlWt. On Physical Polymerism and Isomerism, see 0. Lehmanr 
(Zeitschr. Kryst. 1877, i. 97-131 ; Jakresb.f. Ohem. 1877, 31-40). 

On the influence of Polymerisation on Chemical Compounds, see J. Lowenthal 
(Chcin. Centr. 1877, 193; Chem. 8oc. J. xxxiv. 108). 

POXiVMOBPHZSM. On the polymorphism of Elementary Bodies, see B. 
Hermann (J. pr. Chem. [2], xvii. 289 ; Chem. Soc. J. xxxiv. 702). 

POZiYPORtrs. Gr. Pleury (Pharm, J. Trans. [3], vi. 869) found in Folyporns 
officinalis the following constituents : 


"Water 9*200 

Eesin and Agaric acid 60*584 

Another resin with Magnesium Sulphate 7*282 

Besino*as body with Lime and Magnesia 2*514 

Nitrogenous substance with Salts 1*900 

Oxalates, Malates, and Phosphates of Calcium and Iron . . 1*058 
Nitrogenous substance, soluble in Potash .... 7*776 
Fungin 9*686 


100 

POZilTPORXC ACZB, (C. Stahlschmidt, Liebig's Amialen^ clxxxvii. 

177). An acid contained in a fungus belonging to the genus Polyporus, which grows 
on the hark of diseased or dead oaks : it occurs in large quantity, amounting to 43*5 
per cent, of the dry fungus. The fungus is semicircular, and rests directly on the 
bark without a stalk ; it is of an ochre-yellow colour when dry, brownish-yellow in 
the moist state, and is coloured deep violet by dilute ammonia, whence Stahlschmidt 
proposes to call it Polyporus purpuraceus. The violet coloration is due to the form- 
ation of ammonium polyporate. 

To prepare the acid, the fungus is washed with water, and then steeped in dilute 
ammonia for twenty-four hours. By this means the acid is converted into its am- 
monium salt, which is soluble in water, though the acid itself is totally insoluble. 
The ammonium polyporate is next decomposed by hydrochloric acid, and the precipi- 
tated acid, after filtering and washing, is treated with caustic potash, and thus con- 
verted into potassium polyporate, which is washed for some time with caustic potash, 
in which it is insoluble. It is then washed with alcohol till free, as far as possible, 
from potash, and dissolved in hot water. Carbon dioxide is passed into the liquid to 
convert any remaining traces of potash into the carbonate, and it is then crystallised 
several times. The polyporie acid is finally precipitated by hydrochloric acid. 

Polyporic acid has the colour of the fungus, and is totally insoluble in water, so 
that the ■ slightest trace of a soluble polyporate shows a turbidity on addition of an 
acid. The soluble polyporates might, therefore, be used as indicators in alkalimetry. 
The acid is also insoluble in ether, benzene, bisulphide of carbon, and acetic acid. 
It dissolves very slightly in chloroform, amyl alcoljol, and boiling*^ (95 per cent.) ethyl 
alcohol. From the latter solvent it crystallises in small rhombic plates, which 
exhibit a lively bronze colour when dry. It contains no water of crystallisation, and 
becomes strongly electrical when rubbed in the dry state. It may be heated without 
change to 220°, but at a higher temperature it melts, and sublimes with partial 
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decomposition, evolving a smell of heated or burning oak-branches, and after a ■while 
that of bitter almond oil. 

Beactions, — 1. When pol^oric acid is added to a cold mixture of potassium chlorate 
and hydrochloric acid, it is converted into a bright-yellow compound, soluble in 
alcohol ; but if the acid is added to boiling hydrochloric acid, and potassium chlorate 
is introduced little by little, an oily body gradually forms at the bottom of the vessel, 
becoming solid on cooling. This body is partly soluble in boiling water, and the 
solution deposits snow-white feathery crystals easily soluble in caustic potash, and 
apparently consisting of a chlorinated acid (34’5 per cent. Cl), The part which is 
insoluble in water dissolves easily in alcohol, and crystallises with great facility in 
long slender needles of a golden-yellow colour. Heated with caustic potash, it 
evolves a smell of bitter almonds, and forms a dark -red substance totally insoluble in 
alcohol, ether, alkalis, &c. The yellow compound (containing 38‘7 per cent, of 
chlorine) is decomposed on heating, and emits a smell of benzoyl chloride. A third 
body is found in the alcoholic mother-liquor of the original solution, and remains 
behind as a thick oil on evaporation of the alcohol. ^ 

2. When potassium polyporate is boiled for some time with excess of concentrated 
caustic potash, the violet colour of the solution gives way to a yellowish-red, and the 
smell of bitter almonds becomes perceptible. On cooling, fine colourless needles are 
deposited. The alkaline. solution becomes turbid on addition of hydrochloric acid, 
and on standing a dull^yellow body separates, which is soluble in alcohol, and unites 
with alkalis. 

3. Addition of zinc-dust to an alkaline solution of potassium polyporate renders 
the solution colourless, but it becomes red again on exposure to air. When ammonium 
polyporate, mixed with excess of ammonia, is left at rest, a decomposition or altera- 
tion of the acid takes place, and the liquid becomes blue and fluorescent. At a higher 
temperature the change takes place more quickly, and a brown insoluble body is 
formed. 

4. By heating potassium polyporate to a high temperatee with zinc- dust, benzene 
is produced, a reaction which when viewed in connection with the behaviour of the 
acid to caustic potash, points to the conclusion that polyporic acid belongs to the 
aromatic group. 

Sdlts of Boly^ono Acid. — Polyporic acid forms salts with all the bases. The easily 
soluble salts — those of the alkali-metals and ammonia — form violet solutions, which 
cannot be distinguished in appearance from a concentrated solution of potassium 
permanganate. All the salts are decomposed by the stronger acids, even by acetic 
acid, at ordinary temperatures, with perfect separation of the polyporic acid ; but 
when polyporic acid is boiled with potassium or sodium acetate, the acetic acid is 
expelled, and a polyporate is formed. All the polyporates, except that of ammonium, 
can be heated above 200°, without decomposition. 

Botassimn ‘polyporate, C®H®O^K! -f H-0, crystallises in the form of gypsum. It 
does not give off its water of crystallisation when dried over sulphuric acid, but loses it 
completely when heated to 120°. The sodium salt, C®H®0“Na-{- H-0, obtained by 
neutralising the acid with dilute caustic soda, is insoluble in concentrated caustic 
soda, and loses its water of crystallisation at 180°. The cummmimm salt, 
+ H-0, loses not only its water of crystallisation, but also the whole of its 
ammonia, by long standing in the air, or by heating to 100°. The barium salt, 
(C®H®0"’)2Ba-{-4H^O, loses 2 mols. of water at 120°, and the other two at 150° to 160°. 
If the salt containing 4 mols. of water is boiled for a time, another salt is precipitated, 
which has the composition (C®H.®0“)-Ba -h 2H20. This is also quite insoluble in 
water, has a metallic lustre, and loses its water of crystallisation at 180°. The 
stro7itium salt, (C^H®0^)‘Sr -i- 4H-0, is insoluble in water. It is not altered by boil- 
ing, but is converted by a heat of 120° into a salt of the composition (C^H‘^02)2Sr -f H“0. 
It loses the last molecule of water at 180°-200°, The calcmm salt, (C®H®0-)2Ca + SH^O, 
is slightly soluble in water. At 120° it loses 2 mols. of water, and leaves a salt of 
the composition (C®H®0''^)“Ca-i- H^O. At 180° it becomes anhydrous. The magnesmm 
salt, (C®H®0‘^)^Mg + 3H-0, is so sparingly soluble that ammonium polyporate can be 
used for the separation of magnesia from the alkalis. The silver salt^ C®H*^02Ag, is 
quite insoluble in water, and cannot be distinguished in appearance from the acid 
itself. It is anhydrous, and undergoes no change by boiling with water or heating 
to 150°. All the other metallic polyporates are insoluble amorphous precipitates. 

Methyl polyporatt, obtained by the action of methyl iodide on silver 

polyporate, may be crystallised from boiling alcohol of 95 per cent. ; it melts at 187°, 
and is decomposed by beating with potash or ammonia, yielding the corresponding 
polyporate. The ethylic ether, prepared in like manner, melts at 134°, 
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Acetopolyjpofio acid, is formed wlien polyporic acid is heated to 

150°-170° in closed tubes, with excess of acetic anhydride. It melts at about 205°. 

Polyporie acid is violently acted on by concentrated nitric acid, but the products 
of the reaction have not yet been fully investigated. 

P03iYTHI0®!riC ACZBS. See Sulphtje, Oxygeh-acids of. 

POliYTKTrmOQtTIWOM’E. See Thymoquinonb. 

POMEGRAVrJLTE, AXiKAXOZDS OP (Tanret, Coinpt. rend, bcxxvi. 1270 ; 
Isxxvii, 358; Ixxxviii. 716; J, Pharm. [4], xxviii. 384). 1. Felletierinej 

C®H*^NO. This base, which appears to be the taenicide principle of the pomegranate, 
is prepared as follows : The bark of the tree is roughly powdered, and mixed with 
milk of lime to a thick paste, which is washed with water ; the liquid is shaken with 
chloroform ; and the chloroform solution is treated with a dilute acid, whereby a 
salt of pelletierine is formed, from which the free base may be separated by treatment 
with potassium carbonate and agitation with chloroform, the resulting solution, when 
evaporated, leaving the base as a colourless oily mass boiling at about 180°, It may 
be purified by dissoJVing it in ether, distilling the ethereal solution in a current of 
hydrogen, keeping the residue at a temperature from 130°-140®, until water is no 
longer given off, and then raising the heat to 180°-186°, at which the alkaloid begins 
to distil. It is thus obtained as a colonrless liquid, which quickly becomes coloured 
in the air. Its sp. gr. is 0*999 at 0°, and 0-985 at 21°. It dissolves in water, with 
contraction, a mixture of 1 pt. of pelletierine and 2-5 pts. of water having a sp. gr. = 
3-021 at 21°. The alkaloid is dextrogyrate, its power of rotation [a] = + 8, and in 
the form of the pure sulphate +15-9. With potassium dicbromate and sulphuric 
acid it gives a deep green coloration. AVith hydrochloric acid it fumes like 
ammonia. 

Pelletierine is a mono-acid base, the formula of its hydrochloride being 
C^H^^NO.HOl, and that of its sulphate Its salts are very hygro- 

scopic, pure white when crystallised in dry air, otherwise coloured ; they have a faint 
odour of the base, easily become acid, and have a bitter and aromatic taste. 

2. Pomegranate bark contains three other volatile alkaloids, which may be separated 
in the following manner. The powdered bark is mixed with milk of lime and treated 
with water ; and the solution is shaken with chloroform, which in its turn is shaken 
with a dilute acid. A solution containing a mixture of the alkaloids is thus obtained, 
which is dextrogyrate, Isevogyrate, or inactive, according to the bark used. To 
separate these alkaloids, the solution is treated with sodium bicarbonate and saturated 
with carbonic anhydride ; it is then shaken with chloroform, and the latter with dilute 
sulphuric acid. This solution, which is dextrogyrate, contains the 'sulphate of a 
dextrogyrate liquid alkaloid and of an inactive solid alkaloid. 

By treating the solution in a similar manner, but using caustic soda instead of 
sodium bicarbonate, a Isevogyrate solution is obtained, which, after evaporation in 
a vacuum over sulphuric acid, leaves a crystalline sulphate of a Isevogyrate liquid 
base, and an uncrystallisable sulphate of an inactive base. These may be separated by 
filtration. The active sulphate possesses the rotatory power [«]?'== —30°. 

Crystalline Base . — By decomposing with an alkali the dextrogyrate solution above 
described, treating the product with chloroform, and evaporating off the latter, 
crystals are obtained, which may be purified by recrystallisation. From an aqueous 
solution, prismatic crystals are deposited, having the formula + 4:K^O. The 

hydrated base melts at 46°, but can be cooled to 37° without solidifying. It boils at 
246°, and is soluble in alcohol, ether (9 pts. at 10°), -w-ater (2-5 at 10°), and chloro- 
form, which extracts it from its aqueous solution. It is a strong base, expelling 
ammonia from its salts, and precipitating alumina, baryta, and lime, but not mag- 
nesia. It gives all the characteristic reactions for the alkaloids, and with sulphuric 
acid and potassium dichromate gives, like pelletierine, a deep green colour. 

The hydrochloride, C^H^^NO.HCl, crystallises in rhombohedrons, and is soluble in 
its own weight of water at 1 0°. The sulyhate, C®H*®NO.HSO^ + 4H-0, crystallises with 
4 mols of water, which it loses over sulphuric acid. At 10° it is soluble in less than 
twice its weight of water. The 'platinochloride (C®H^®NO.HCl)^.FtCF, crystallises in 
reddish-yellow needles. 

A base called granatine is mentioned by Durand {J. Bharm. [4], xxviii. 168) as 
obtained from dried pomegranate bark which had been kept for a year. 

pooler AHZiXTE. A variety of scoleeite occurring, together with apnphyllite, 
in melaphyre-conglomerate, at Poonah in India. Its analysis (A) agrees with the 
scoleeite formitla, CaO.Al“0^.3SiO“+ 3H^O (B). 

SiO'-* A1=0=* CaO Na=0 H=0 

A. 46-91 26-93 13-33 0*22 0*08 13*83 = 300*40 

B. 45;80 26-21 14-25 — — 13*74: = 100 

(Petersen, Jahrh.f. Min. 1873, 852). 
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X*OP£AR. The buds of several species of poplar yield by distillation a volatile 
oil, the greater part of v^hich boils at 260 '^- 261°5 and agrees in composition with the 
formula (Picard, Ber. vi. 1160). 

On Chrysin and Methyl-chrysin^ or TeotochrysiUj obtained from poplar buds, see 
p. 465 of this volume. Fopilin and Salicin have also been obtained from these buds 
(Picard). 

POPPY. According to Hesse {Lieh. Ann. clxxxv. 329), the milky juice of the 
unripe capsules of the red poppy {Papaver Rh<sas) leaves on evaporation about 34 per 
cent, of dry matter, in which no trace of morphine or any similar alkaloid can be 
detected. It contains, however, 2T per cent. Tdimadine, and traces of other partially 
crystallisable alkaloids. 

The composition of the ash of poppy-petals has been determined by C. J. Warden 
(Chem. News, sxxiv. 27) with the following results, after deduction of CO’^, sand and 
charcoal : 

K“0 ECl NaCl CaO MgO Fe-O^* A1=0* SO" P"0'‘ e SiO= 

41*76 12*29 1*21 10*72 5*61 3*86 1*23 3*85 5*61 13*86 = 100 

On Bespiration in the Ripening Fruits of the Poppy, see Plants (p. 1640). 

POBCSIsAXlNr. Eemarks on the structure of porcelain have been made by 
H. Behrens {Pogg. Ann. cl. 386). He considers that, in the firing of porcelain, only 
the quartz-grains in the mixture remain unaltered, whilst all the other constituents 
are fused at the high temperature of the furnace, and partly yield products of devitri- 
fication. The translucent Japanese porcelains have essentially the same quantitative 
composition as the European, but the undecomposed vitreous mass predominates in 
them. 

According to Salve tat {Moniteur de la Ceramique, 1873, No. 11 ; Bingl. pol. P. 
ccix. 468), porcelain is so porous that its entire mass may be coloured by prolonged 
contact with the solution of a colouring matter. Porcelain which had stood for somo 
days with its unglazed foot in a solution of fuchsine, exhibited in reflected light the 
white colour of the glaze, but appeared of a fine red by transmitted light. 

On the preparation and composition of Japanese porcelain, see H. Wurtz (Awe?*. 
Chemist, vii. 218). On the history and manufacture of Chinese porcelain : A. Heintz 
{Bingl. pol. J. ccxxi. 156). 

PORPHYRY. The porphyries of Lake Lugano have been examined by B. 
Studer {Jahrhf. Min. 1875, 881). The following are analyses of a red porphyry (A) 
and a black porphyry (B) from the railway- tunnel near Maroggia: 1. Analyses by 
Schwarzenbach. 2. By v. Fellenberg. S. The same, corrected, after deduction of 
bases (as carbonates) extractable by cold acids. 




SiO" 

A1=0" 

Fe=0" 

CaO 

MgO 

MnO 

K=0 lTa"0 

XC) 

YO 

A. 

1. 

74*71 

11*27 

4*345 

1*64 

0*36 

— 

3^89 

3*69 

— 


2. 

71*74 

12*60 

2*45 

2*30 

1*24 

0*84 

4*14 3*41 

3*50 




3. 

70*18 

12*33 

2*40 

0*38 

0*‘26 

0*82 

4*05 3*84 

0*93 

5*31 

B. 

1. 

65*47 

15*15 

10*64 

1*61 

0*34 



3*65 

3*10 




2. 

61*67 

16*38 

6*31 

2*57 

3*02 

0*30 

4*22 3*65 

3*31 




3. 

60*80 

16*15 

6*22 

0*62 

2*48 

0*30 

4*16 3*60 

1*23 

4*44 


Q) Water or Loss by Ignition. (“) Carbonates. 


Sp. gr. according to v. Fellenberg : A = 2*645 ; B = 2*6598 at 15°. 

The mineralogical composition of these porphyries has been calculated by 
V. Fellenberg from his own analyses, with the following results : 1. With the carbon- 
ates i 2. After deduction thereof. 



Al. 

A 2. 

Bl. 

B2. 

Orthoclase 

. 33*78 

35*67 

69*21 

61*03 

Oligoclase . 

. 27*01 

28*53 

30*35 

31*29 

Quartz 

. 30*76 

32*39 





Magnetic Iron oxide 

. — 

— 

6*22 

6-41 

Ferric oxide 

. 2*40 

2*53 




Water 

. 0*93 

0*98 

1*23 

1*27 

Carbonates 

. 5*31 

— 

4*44 



100*19 


100 


101*45 


100 
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The follo’W'ing are analyses of |wrphyry from various localities : (1-5) from the 
\^icentine (A. v. Lasaulx, Min. Mitth. 1873, 70): 1. Non- quart nferoiis JPorphyrp 
from Pieve. Sp. gr. 2-59. (2). J^orphyrite from the Guizze di Seliio. Sp. gr. 2*67. 
(3). Forjjhyry from Fongara. The indurated argillaceous ground-mass contains 
felspar and mica, but no quartz. Sp. gr. 2*586. (4). Decomposed rock from the 
Easta del Eecoaro, probably a decomposition-product of No. 3. Sp. gr. 2’589. 
(5). Piicksto7ie-porpkyry from La Easta. Sp. gr. 2-466. 

(6-8). From the neighbourhood of Eoanne, Loire, France (A. Guyerdet, Bull. Soc. 
Chinfi. geol. [3], i. 499). 6. Porphyry from Saint-Just-en-Chevalet. The orthoclastic 
ground-mass encloses large orthoclases, small oligoclases, black mica, and very 
frequently lamellae of a green tale (pinitoid?). Sp. gr. 2*23. 7. Porphyry from 

Boen-sur-Ligron. The felspathic ground-mass (probably oligoclase) encloses oligoclase, 
numerous black micas, tale (pinitoid), and rarely quartz crystallised in double 
pyramids. Sp. gr. 2*85. 8. Grey porphyntic Eurite from La Bombarde near 

St. Eomain d’Urf4. The ground-mass, probably anorthite, encloses anorthite, 
oligoclase, hornblende, and quartz. Sp. gr. 2*17. 

9. From Eockhampton in Queensland (Daintree, Geol. Soc. Qu. J. xxviii. 271). 

10. Homstone-yorphyry of the Salband from the vein in the Kestenthalriicken 

in the Harz. Sp. gr. 2*697-2*701. 11. Eock resembling granite-porphyry from 

the middle of the vein. Sp. gr. 2*68 (Lessen, Zdtsekr. geol. Ges. 1874, xxvi. 856). 

12. Granite-porphyry ifrom Beucha, near Leipzig. 13. The same from Altenberg, 
in the Erzgebirge (Baranowski, Zeitschr. geol. Ges. xxvi. 522). 

(14-15). Porphyry iiom Muldenstein, between Bitterfeld and Jessnitz (E. Eeichardt, 
Arch. Pharm. [3], v. 310). 14. Solid rock, greyish-white, with rusty spots on the 

fractured surfaces. 15, The same weathered and easily crumbled. 

(16, 17). From South Tyrol (C. v. Hauer, Ver. geol. Beichsanst. 1875, 331). 16. 
Bed orthoclase-porphyry from the Canzacoli, near Predazzo. 17. The same from 
Carnon, near Predazzo. 

18. Mica-porphyry from Eohrbach, in the Black Forest of Baden. The dense 
ground-mass encloses specks of blackish-green mica. 19. Hornstone-porphyry from 
Kesselherg, in the Black Forest ; analysis by F. Geremont : a. Total analysis ; 
b. Portion soluble in hydrochloric acid. 20. Porphyritic rock near St. Margen, in the 
Black Forest ; analysed by E. Meisinger : a and b as above (Vogelgesang, Jahresb. f. 
Chem. 1873, 1213). 


1 

SiO“ 

01*07 

TiO= 

A1=0’ Fe“0’ FeO 
18*56 2*60 — 

MnO 

MgO 

1*08 

CaO 

2*86 

K=0 

6*83 

Na"0 

3*18 

paO= 

CO* 

1*36 

XO) 

2*13 


99*07 

2 

60*86 

— 

14*62 

7*91 

— 

— 

1*96 

3*18 

3*26 

3*92 

— 

2*11 

2*95 

s= 

100*77 

a 

64*78 

— 

14*44 

5*46 

— 

— 

1*20 

2*35 

4*63 

0*83 

— 

2*82 

3*86 

= 

100*37 

4 

42*25 

— 

4*52 

8*76 

— 

— 

0*48 

18*27 

6*38 

0*99 

— 

15*85 

1*43 

ss 

98*93 

~) 

62*02 

— 

16*16 

5*25 

— 

— 

0*94 

5*39 

1*18 

2*92 

— 

1*08 

4*91 

Z= 

99*85 

0 

62*30 

— 

19*70 

— 

3*78 

— 

1*10 

4*50 

3*45 

2*57 

— 

0*70 

1*62 

= 

99*72 

7 

68*30 

— 

15*60 

— 

7*47 

— 

1*60 

2*60 

0*19 

1*70 

— 

— 

2*23 


99*69 

S 

64*00 


18*00 

— 

5*40 

— 

3*60 

4*30 

0*80 

1*60 

— 

— 

1*90 

=: 

99*60 


61*43 

— 

20*29 

1*22 

3*26 

— 

1*57 

3*23 

1*69 

6*17 

— 

— 

1*030 


99*80 

10 

72*30 

0*11 

15*04 

0*64 

1*28 

— 

0*59 

1*59 

4*95 

1*02 

0*19 

— 

2*18 


98*99 

11 

70*40 

0*28 

15*29 

0*09 

1*69 

— 

0*58 

1*62 

3*89 

4*09 

0*22 

— 

1*13 

— 

99*28 

12 

66*3 

— 

15*4 

7*0 

— 

— 

1*5 

2*3 

4*4 

3*5 

trace 

— 

0*8 

=: 

101*2 

li 

67*1 

— 

12*1 

8*7 

— 

— 

1*6 

2*5 

6*3 

2*4 

trace 

— 

0*6 

=s 

100*3 

14 

77*48 

— 

17*10 

2*83 

— 

0*84 

0*10 

0*38 

1*03 

0*13 

trace 

— 

— 

= 

99*89 

15 

75*73 

— 

21*92 

0*98 

— 

0*18 

0*10 

0*27 

0*55 

0*08 

— 

— 

— 

= 

99*81 

IG 

64*45 

— 

16*31 

6*49 

— 

trace 

0*30 

1*10 

5*45 

6*00 

— 

— 

0*82 

= 

99*92 

17 

70*09 

— 

15*55 

4*02 

— 

trace 

0*41 

0*57 

5*82 

2*94 

— 

— 

0*61 

= 

100- V 1 

18 

63*76 


16*19 

4*10 

1*12 

0*36 

2*56 

3*32 

3*74 

1*73 

— 

1*53 

1*79 


100*14 

19a 

84*12 

— 

9*38 

1*78 

— 

— 

0*01 

0*08 

0*85 

0*28 

— 

0*14 

3*68 

= 

100*29 

196 

2*76 

— 

1*94 

1*78 

— 

— 

0*01 

0*08 

0*34 

— 

— 

0*14 

— 

= 

7*05 

20fl 

57*61 

— 

18*45 

7*69 

— 

0-26 

0*25 

4*02 

5*47 

2*93 

— 

0*72 

2*28 


99*68 

2U6 

5*24 

— 

3*52 

7*15 

— 

0*19 

0*13 

1*75 

1*86 

2*12 

— 

0*72 

— 

= 

22*68 


(^) Loss by ignition. 


f) Water: 0*1 

725 combined ; 0*300 hygroscopic. 



The granitic porphyritesof Saxony, occurring near Altenberg in the Erzge- 
berge, near Beucha, in the neighbourhood of Leipzig, and on the Tammelherg, have 
been described and analysed by Baranowski {Jahrb.f. Min, 1875, 199). The ground- 
mass of these porphyries, which are perfectly identical, consists of separate grains of 
quartz, felspars, hornblende, and chlorite, associated with magnetic iron oxide and 
apatite. Among the microscopic constituents, quartz and felspar are especially 
abundant. The occurrence of quartz in the pyramidal form in the granular ground- 
mass is characteristic of the granite-porphyries. The quartz is further distinguished 
by the numerous microscopic enclosures, partly vitreous, partly liquid, which it con- 
tains. The large crystals of orthoclase are accompanied by small plagioclases. 
Especially remarkable is the occurrence of vitreous particles, enclosed in the felspars, 
inasmuch as such enclosures, though known to occur in the felspars of trachyte and 
quartz-porphyry, have not hitherto been observed in granites. Hornblende and chlorite 
VoL. VIIi; 5 P 
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must also be enumerated as essential constituents of tbe granite-porphyries. The 
chlorite is evidently a transformation-product of the hornblende, inasmuch as crystals 
are found, consisting of a layer of chlorite enclosing a nucleus of hornblende. Mag- 
netic iron oxide appears in thin sections of the rocks in small isolated octohedrons, 
more frequently in granules irregularly distributed through the mass. Lastly, the 
presence of apatite is remarkable, since this mineral has hitherto been found more 
frequently in basic rocks than in those which are rich in quartz. 

The following are analyses of two granitic porphyries : u, from Beucha ; h, from 
Alien berg : 



SiO* 

AI“0“ 

Fe»0* 

CaO 

MgO 

K"0 

FTa^O 

H“0 

a. 

66-3 

15-4 

7*0 

2'3 

1*5 

4-4 

3-5 

0*8 -= 101-2 

b. 

67T 

12T 

8‘7 

2*5 

1-6 

5-3 

2-4 

0-6 = 100-3 


A microscopic examination of the porphyrites of Ilefeld by A. Streng {Jahrh. f. 
Min. 1875, 623) shows that these rocks are composed of a fine-grained ground-mass 
consisting of orthoclase, plagioclase, small quantities of hornblende and quartz, mag- 
netic iron oxide, a small quantity of apatite, sometimes also graphites, titanic iron 
and specular iron, or pyrolusite, and enclosing porphyritically separated plagioclase, 
hornblende (often apparently formed from augite), quartz, titanic iron, graphite, 
magnetic iron oxide, and accessorily garnet, more rarely iron pyrites. These por- 
phyrites, therefore, are intermediate between the quartz-porphyries andthemelaphyres 
(p. 1272). 

POSXDOZfZA OCEANXCA. This plant, used as manure, has been examined 
by F. Sestini {Gazz. chim. ital. 1874, 182). The air-dried plant was found to 
contain : 


, Mineral 

Water Fats Protei’ds Carbohydrates substance 


26-15 2-55 

The ash contains : 

3-77 

61-26 

6-27 

= 100 

K“0 Na-0 CaO MgO 

re®0= 

SO* 


sio= * 

Cl, I, &c. 

4-07 8-61 36-89 14-50 

7-62 

3-05 

2-54 

20-86 

1-84 == 


* And other substances insoluble in hydrochloric acid. 


EOTASSXXTM. According to Dolbear {Chem. Ncxos, xxvi. 33) and Kern {Ber, 
VI. 1208), this metal may be obtained by igniting its sulphide with iron-turnings. 

Va]poiir-dmsity. — Experiments by Dewar a. Dittmar {Broc. Roy. Soc. xxi. 203) 
have shown that the vapour-density of potassium at the temperature of melting zinc 
does not exceed 45 [H =1]. Consequently the molecule of potassium contains two 
atoms. 

Beaciions serving to distinguish Potassium from Sodium. — These metals may be 
distinguished from one another by their reaction with hromme. Sodium may be kept 
in bromine for months and even for years without perceptible alteration, and is but 
slightly corroded when heated therewith to 100°-200°, whereas potassium when thrown 
into bromine immediately takes fire, producing a violent explosion which often sliatters 
the containing vessel. In like manner, sodium may be fused with iodine, without 
notable reaction, but potassium, when fused -with iodine, explodes and flies to pieces 
in a jet of fire. Sodium immersed in aniline, even at the boiling heat, remains quite 
bright, while any crusts that may have formed upon its surface fall off, leaving it 
with the most splendid metallic lustre ; potassium, on the other hand, reacts violently 
with aniline (Merz a. Weith, Ber. vi. 1518). 

Estimation of Potassium. — F. Mohr {Zeitschr. anal, Chem. 1873, 137) heats 
the precipitate of potassium chloroplatinate to fusion with twice its weight of sodium 
oxalate, and after washing and neutralisation with acetic acid, titrates with decinormal 
silver solution. 

To avoid the troublesome employment of a weighed filter for collecting the pre- 
cipitate of potassium chloroplatinate, Fresenius {ihid. 1877, 63) collects the precipitate 
in the ordinary way ; transfers it when dry to a watch-glass ; dissolves the small 
portion of the salt which adheres to the filter in a little hot water ; evaporates the 
solution to dryness in a platinum capsule ; then adds the rest of the salt ; and dries 
the whole at 130°. It is absolutely necessary to test the potassium chloroplatinate 
as to its purity ; when precipitated from solutions containing alkaline earths, it is 
sure to be impure. See also Gr. Krause {Arch. Pharm. [3], v. 407 ; Jahresb. f, Chem 
1874, 97a). 

Schloesing’s method of estimating potassium by means of soluble perchlorates 
(vii. 1006) has been subjected to an experimental examination by Kraut, Orrmann, 
and Kusel {Zeitschr. anal. Chem. 1875, 152), who have arrived at the following 
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results. Instead of using ammonium perchlorates and nitrohydrochloric acid, it is 
preferable to treat the potassium salt under examination with an excess of pure dis- 
tilled perchloric acid, and evaporate the mixture to dryness on the water-bath. The 
cooled residue is treated with alcohol of sp. gr, 0*835 to remove the free acid, then 
dissolved in hot water, the solution again evaporated on the water -bath, and the 
residue transferred by washing with alcohol of the same strength, to a filter previously 
weighed and moistened with alcohol. The presence of salts of sodium, barium, and 
other bases does not interfere with the result. 

For the detection of small quantities of potassium in mixtures, A. Carnot {Compt, 
rend. Ixxxiii. 290, 338) makes use of a mixture of 1 pt. basic bismuth nitrate and 
about 2 pts. crystallised sodium thiosulphate. A solution of this mixture colours solid 
potassium salts yellow, and forms with potassium solutions a yellow precipitate con- 
sisting of a thiosulphate of bismuth and potassium, Bi2(S205)3 -i- 2'k^O. The 

reaction is extremely delicate, and may he used for the quantitative estimation of 
potassium if in the state of nitrate or chloride ; sulphates, if present, must be first 
converted into chlondes. To perform the analysis, the potassium salt is strongly 
concentrated, and mixed with 2|- pts, basic bismuth nitrate (equiv. to 2 pts. bismuth), 
and 7 pts. crystallised sodium thiosulphate for every 1 pt. of potassium hydrate 
supposed to be present in the solution ; tUe mixture is then quickly stirred, and 
260 e.c. of strong alcohol poured upon it. After a quarter of an hour, the yellow 
precipitate is collected on a filter and carefully washed with alcohol. The quantity 
of potassium present may then be estimated by converting the bismuth in the pre- 
cipitate into sulphide, weighing it in that form, and calculating the potassium :from 
the formula above given. 

In subsequent communications {Compt. rend. Ixxxiv. 1504; Ixxxv. 301) Carnot 
gives the following modification of the method for solutions containing sulphuric acid. 
The concentrated liquid is mixed with a solution of calcium thiosulphate, and a 
sufficient quantity of the bismuth solution ; alcohol is added ; and the resulting pre- 
cipitate, a mixture of calcium sulphate and bismuth-potassium thiosulphate, is collected 
on a filter. On treating this precipitate with water, the bismuth-salt is dissolved, 
together with a small quantity of gypsum. The bismuth is then determined as above, 
and the potassium calculated therefrom. 

The method of precipitation as bismuth-potassium thiosulphate serves admirably 
for the quantitative separation of potassium from many metals, e.g. sodium, lithium, 
ammonium, calcium, magnesium, aluminium, manganese, iron (as ferric salt), &e., 
inasmuch as, with the exception of the chlorides of barium, strontium, and those 
metals which are precipitated by hydi’ogen sulphide, no metallic chlorides give with 
bismuth salts and sodium thiosulphate a precipitate like that above-mentioned. 

P. Casamajor {Ghem. News, ■sl's.s.i'v. 231, 242) estimates potassium volumetrically 
in the form of acid tartrate. The method is especially applicable to technical purposes. 
To separate the salt more effectually, the liquid is mixed with alcohol in such quantity 
as to form about 60 per cent, of the whole. If the potash is combined with strong 
acids, an excess of sodium acetate is added. The presence of sodium salts does not 
interfere with the attainment of accurate results. The acid tartrate may also, but 
less advantageously, he determined gravimetrically. 

To separate potassium from a large excess of sodium salts, E. H. Loughridge 
mixes the nitrates of the two alkali-metais with oxalic acid, evaporates at 100°, 
whereby they are converted into acid oxalates, and treats the mixed salts with a small 
quantity of water, which dissolves the potassium oxalate, leaving the much less soluble 
sodium oxalate undissolved. The whole of the potassium salt is thus obtained in solu- 
tion, together with only a small quantity of sodium salt, and the separation may then be 
completed by precipitating the potassium as chloroplatinate (Amer. Chemist, iii. 369). 

Potassium Pluoride. This compound unites with chromie anhydride. On 
boiling a strong solution of potassium dichromate with hydrofiuoric acid, octohedral 
and*cubical crystals are obtained, having the composition KF.2CrO®. This salt may 
be recrystallised from a small quantity of water, but is decomposed by a large excess. 
The crystals are effioresoent and attack glass. They are decomposed by sulphuric 
acid, with liberation of hydrofluoric and chromic acids. Treated with alkalis, they 
yield potassium fluoride and chromate (L. Varenne, Compt. rend. Ixxxix. 358). 

Xodide. G-- Langbein (Eer. vii. 7 65) recommends the use of cuprous iodide, now 
largely imported from Peru, for the preparation of potassium iodide. The cuprous 
iodide is washed, suspended in water in the form of fine powder, and decomposed by 
hydrogen sulphide, and the'resulting solution of hydriodic acid, freed from excess of 
hydrogen sulphide by addition of iodine, is neutralised with normal or acid carbonate 
of potassium. To prepare potassium, iodide having a perfectly neutral reaction, 
T. B, Groves (JPharm. J. Trans. [3J, iv. 669) dissolves the commercial salt, which 
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mostly has au alkaline reaction, in the exact quantity of w&tev required, neutralises 
it with sulphuric acid, and throws down the potassium sulphate with alcohol. The 
decanted liquid, when evaporated, yields perfectly pure colourless crystals of potassium 

iodide. ^ , , n n • 

A process for preparing potassium iodide free from iodate is given by br. Fellagri 
{Ber, viii. 1357). depending on the fact that the iodate in dilute solution is reduced 
by agitation with iron filings or zinc-powder (not by copper or tin) whilst the metal 
is directly oxidised. Agitation with iron filings in a warm solution produces complete 
reduction, without dissolution of the iron or transference of the iodine to the precipitate. 
If the solution is too concentrated, and a considerable quantity of ferric oxide has 
been formed, this oxide may exert an oxidising action on the potassium iodide. When 
an iron and a copper plate are immersed in a strong solution of potassium iodate, and 
connected externally by a wire, so as to form a galvanic couple, complete reduction 
takes place even at ordinary temperatures. Under these circumstances, only the iron 
is oxidised, and, the surface being small, the reduction takes several days to complete. 
No contamination of the product or loss of iodine takes plac8. Zinc-powder acts 
more energetically than iron filings, but for complete reduction a zinc-copper couple is 
necessary. Boiassmm hroimite is completely reduced to bromide by an iron-copper 
couple ; the chlorate very slowly and incompletely to chloride ; but, by agitation with 
ii’on filings in a warm solution, this salt is quickly reduced. The formation of potas- 
sium iodate by the action of iodine on potash-solution is not prevented by the presence 
of suspended iron filings. 

Polyiodides. A tri-iodide, KP, is obtained, by slowly evaporating a saturated 
solution of iodine in potassium iodide over sulphuric acid, in shining, dark-blue, 
prismatic crystals, often 2 in. long. The crystals are very hygroscopic, and deliquesce 
completely after a short time to a dark-brown liquid ; they dissolve also in alcohol. 
Their specific gravity, which is difficult to determine, on account of their great tendency 
to deliquesce, was found, on the average, to be 3*498 at 15°. The salt, when cautiously 
heated, melts at 45° ; at a higher temperature it gives off iodine (1 mol.), and leaves 
ordinary potassium iodide (G-. S. Johnson, Chem. 8 oc. J. xxxi. 249). 

To determine whether the true formula of this salt is KPh or a multiple thereof, 
Johnson (iifc^.^xxxiii. 183) has prepared polyiodides containing two or more different 
metals. When a solution of silver iodide and potassium iodide in the ratio of 1 mol. 
Agl to 1 mol. KI is mixed with iodine, a precipitate is formed, long before sufficient 
iodine has been added to form the compound AgKI®, consisting of silver iodide, which 
may be redissolved by simply adding fresh quantities of potassium iodide. It is only 
when the iodides of silver and potassium and free iodine have been brought together 
in the proportion to form the compound AgK^I*- that a clear solution is formed, which, 
on spontaneous evaporation, first deposits crystals of potassium-silver iodide, then of 
potassium tri- iodide, and finally crystals of a potassium-silver polyio elide 
having the composition AgK^I^'^.KI -f 5H^O. These crystals are mostly black and 
have a peculiar lustre ; they are very deliquescent, but, nevertheless, effloresce over 
sulphuric acid. In attempting to prepare the corresponding potassium-thallium 
polyiodide, TIKU* Johnson obtained only the polyiodide discovered by Wilm (v. 751), 
which, in accordance with Wilm, he finds to be represented by the formula TIKU, and 
not by Tr-K^P+3H'0, as stated by Kammelsberg (vii. 1151); Johnson is, however, 
of opinion that it contains 2 mols. H-0. Lastly, Johnson has examined the precipitate 
formed on adding an iodised solution of potassium iodide to lead acetate, and finds it 
to be represented by the complex formula 

Hydride, K-H. Fused potassium begins to absorb hydrogen at a temperature 
above 200'^, the absorption becoming more rapid between 350° and 400°. The pro- 
duct obtained by keeping the metal in the gas for a long time is very brittle, has the 
aspect, lustre, and ciystaUo-granular structure of silver-amalgam, and indeed looks 
very much like a true alloy. It may be fused without alteration in hydrogen or in a 
vacuum. In contact with the air it immediately takes fire. When heated in a 
vacuum at 200° it begins to decompose, and from that temperature to 430° a regular 
dissociation takes place ; in an atmosphere of hydrogen the decomposition takes place 
at 411°. The analysis of this compound gave 126 vols. H to 1 vol. K; the formula 
(which is of course only empirical) requiring 124*6 vols. H to 1 vol. K (Troost 
Hautefeuille, Am. Chim. Bhys. [5], ii. 273). 

Oxides (S. Lupton, Chem. 800 . J. xxx. 565). Potassium heated in air at about 
65° for six hours is oxidised to a greenish powder mixed with small blue and yellow 
lumps. The blue lumps when separated were found to have the composition 
K®0®=3K®0-i-'K^02. After the action had been continued for six hours more, the 
blue lumps gave numbers agreeing with the formula -i- K-0-. Similar 

blue lumps obtained with nitrogen monoxide as the oxidising agent, were found to 
consist of K®0‘^ = 2K^O -f X-0-. From these results it is probable that the blue oxide, 
which forms on a freshly-cut surface of potassium, is not a suboxide, as commonly 
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supposed, but a molecular compound of tlie monoxide and dioxide of potassium in 
various proportions, and that the grey oxide (theoretically improbable) described 
by Berzelius, must have contained metallic potassium. The yellow lumps, when 
liewise picked out, were found to have the composition of potassium dioxide. The 
green powder was found to contain a quantity of potassium greater than that required 
% the formula of that oxide, and appears to be a mixture of the dioxide with the 
blue oxides, but after fusion in a porcelain crucible it has exactly the composition of 
the dioxide Il-O-. When a platinum crucible lined with gold is used, the oxidation 
proceeds still further, oxides beii^ formed which contain from 66 to 68 per cent, 
potassium. The dioxide is likewise obtained when potassium is heated for a consider- 
able time in nitrogen monoxide. These results fully establish the existence of a 
dioxide of potassium, the occurrence of which in aqueous solution was pointed out by 
Harcourt in 1861 (iv. 706). 

The following reactions of the green mixture are worthy of notice. When it is 
treated with hydrochloric and sulphurous acids, a certain quantity of sulphate is 
formed. With absolute alcohol it yields a yellow hoceulent precipitate, which dis- 
solves very slowly. Heated on a carbon boat in a stream of nitrogen, it assumes a 
yellow colour changiug to orange-red, glow's at the moment of fusion, and yields a 
speculum of metallic potassium, together writh carbonate : 3K-0^+ C” = K--^ 2K“CO'b 
Heated with magnesia in a stream of nitrogen, it forms at first an orange-colonred 
viscid mass, which melts at a higher temperature, then suddenly gives off nitrogen, 
and is converted into a white mass — a reaction which appears to depend on the form- 
ation, in the first instance, of magnesium dioxide, which is then resolved at a higher 
temperature into magnesia and oxygen. When the brownish-yellow dioxide is ex- 
posed to moist air, it becomes continually lighter in colour, the lemon-yellow trioxide 
being first formed, then the sulphur-yellow tetroxide K-0*, which is again con- 
verted into trioxide, and finally into hydroxide. Attempts to prepare a definite oxide 
by heating potassium nitrate did not yield satisfactory results. 

POTATO. Solanum tziberosim . — A series of investigations of theamounts of starch 
and dry substance in potatoes of various kinds has been made by L. Eaab (A. Jah-rh. 
JPharm, xxxvii. 204 ; xxxix. 15), showing that the proportion of starch varies from 
8*8 to 26 per cent., and that of dry substance from 15*6 to 34 per cent. 

Solanine in PozJazJoes.— According to 0. Bach (J.'pr. Chem. [2], vii. 248), solanine 
is found in sprouted potatoes only in the rind and at the roots of the sprouts. In the 
water, either fresh or salt, poured off from the boiled potatoes, the presence of sola- 
nine could be detected only by evaporating very large quantities. 

Ash . — The ash ©f three sorts of potato has been analysed by J. B. Haunay {Chem. 
A(?ufs, xxvii. 147). No. 1. Healthy potatoes from black dry soil gave 3*8 per cent, 
ash. No. 2. Diseased potatoes from the same soil, unfit for food, either for man or 
beast, gave 3‘9 per cent. No. 3. Less diseased, from a loamy soil. 


Soluble : 

Potassium 
Sodium 
Magnesium 
Carbonic anhydride . 
Phosphoric „ 

Sulpliuric „ 

Chlorine . 

Insoluble : 

Silica 

Ferric oxide and alumina 
Calcium . 

Magnesium 
Carbonic anhydride . 
Phosphoric „ 

XJnburnt charcoal 
Oxygen . 


No. 1. 

No. 2. 

No. 3. 

36-77 

37-86 

43-11 

3-24 

3-12 

0-68 

1-87 

— 

0-04 

15-83 

15-57 

15-45 

8-37 

6-90 

5-55 

4-95 

5-44 

6-28 

4-61 

6-96 

7-37 

1-74 

6-12 

1-02 

0-62 

0-89 

1-17 

3-70 

2-80 

2-92 

0-88 

0*60 

0-02 

2-90 

1-45 

1-34 

3-70 

3-06 

6-20 

1-98 

— 

— 

9-64 

9-03 

9-23 


100-70 99-80 100-38 


A. S. Wilson {Chem. News, xxviii. 91) found the ash of diseased potatoes to be 
composed as follows : 

K Na Mg Ca SO^ CO= Cl Fe“0= SiO“ O 

44-51 0-25 2-36 1-12 14-48 5-57 15-80 1-37 0-53 2-89 11-22 - 100-10 

The following table of the relations between the amount of starch in potatoes and 
their specific gravity has been drawn up by F. Heidepriem {Landw. Vers.-St, xx. 1) 
from the results of experiments made in 1875 by the Agricultural Society of Cothen, 
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Belatims between the amount of Starch in ^Potatoes and the Specific Gravity, 


Weight of 

6 kilograms 
under water 

Starch 
per cent. 

Dry- 

substance 
per cent. 

Weight of 

5 kilograms 
under -water 

Starch 
per cent. 

Dry 

substance 
per cent. 

630 

25*07 

32*29 

455 

15-97 

23*19 

625 

24*81 

32*03 

460 

15-71 

22-93 

620 

24*00 

31*77 

445 

15-45 

22” 37 

615 

24*29 

31*51 

440 

15-19 

22-41 

610 

24*03 

31-25 

435 

14-93 

22-15 

605 

23*77 

30*99 

430 

14-67 

21-89 

600 

23*51 

30*73 

425 

14-41 

21-63 

595 

23*25 

30*47 

420 

14*15 

21-37 

590 

■ 22*99 

30*21 

415 

13-89 

21-11 

685 

22*73 

29-95 

410 

13-63 

20*85 

580 

22*45 

26*69 

405 

13-37 

20*59 

675 

22'21 

29*43 

400 

13-11 

20*33 

570 

21*55 

29*17 

395 

12-85 

20-07 

665 

21-69 

28*91 

390 

12-60 

19-82 

560 

21*43 

28*65 

385 

12-34 

19-55 

1 555 

21*17 

28*39 

380 

12-08 

19-30 

550 

20*91 

28*13 

375 

11-82 

19*03 

545 ! 

20-65 

27*87 

370 

11-56 

18-78 

640 

20-39 

27*61 

365 

11-30 

18*55 

535 

20*13 

27*35 

360 

11*04 

18*26 

530 

19-87 

27*09 

355 

10-78 

18-00 

525 

19*61 

26*83 

350 

10-52 

17*73 

520 

19-35 

26*57 

345 

10-26 

17*48 

515 

19*09 

26-31 1 

340 

10-00 

17*22 

510 

18*83 

26-05 i 

335 

9-74 

16*96 

505 

18*57 

25-79 i 

330 

9-48 

16-71 

500 

18*31 

25*53 ! 

325 

9*21 

16*43 

495 

18*05 

25*27 

320 

8-95 

16-17 

490 

17*79 

25*01 

315 

8*69 

15-91 

485 

17*53 

24*75 

310 

8-43 

15-65 

480 

17*27 

24*49 

305 

8-17 

15-39 

475 

17*01 

24*23 

300 

7-91 

15-13 

470 

16*75 

23-97 

299 

7-65 

14-87 

465 

16-49 

23-71 

290 

7*39 

14*61 

460 

16*23 

23-45 

285 

7*13 

14-35 


Similar determinations have been made by A. Marke {JDingl. jpol. J. ccxxv. 517), 
who found the specific gravity to vary between 1 '108 and 1 *120 ; the total dry substance 
between 28*36 and 31*36 per cent,, and the starch between 20*61 and 23*52 per cent. 

Effect of Cooking on the Nutritive Eower of Totatoes,--P. Wagner a. K. Schafer 
(Bcr. V. Landw,~Verstcchsst,^ Darmstadt, 1874) have endeavoured to determine what 
mode of cooking potatoes is attended with the greatest loss of nutritive salts. For 
this purpose, they boiled peeled and unpeeled potatoes for three-quarters of an hour in 
quantities of water just enough to cover them, and at the same time steamed samples 
of the same potatoes in a tin-plate sieve fixed in the boiler above the water. The 
following are the results : 

Ash K=0 

1 kg. unboiled unpeeled potatoes contained . .7*70 g. 4*30 g. 1*79 g. 

1 kg. „ peeled . 7*45 3*75 1*53 


1. Unpeeled potatoes boiled in water 

2. Unpeeled potatoes steamiid . 

3. Peeled potatoes boiled in water . 

4. Peeled potatoes steamed 

The boiled water poured 
off from 1 kg. potatoes 
contained in grams : 

Hence the potatoes lost, 
in 100 parts of their 
original contents 

Asli 

k:=o 

P-0^ 

Ash 


P'‘0" 

0-28 

0-09 

2-15 

0-55 

0*10 

0*03 

1-25 

0-26 

0-02 

0-005 

0*35 

0-07 

3-64 

1-17 

28-86 

7-38 

2-S2 

0*69 

33-33 

6-93 

1*12 

0-03 

22-87 

4*57 

J 
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For Tinpeeled potatoes, therefore, the loss of nutritive salts in boiling and steaming 
is bnt small ; but for peeled potatoes, steaming has decidedly the advantage over 
boiling. 

PRSBiLZZXTB. This name was originally given to a mineral from Predazzo, in 
South Tyrol, supposed to be a definite compound of calcite and brucite, MgH^O^ (iv.7H). 
Microscopical observation, however, shows that it is merely a mixture of these 
t'lvo minerals, the particles of which may be separately distinguished; moreover, 
Lemberg has shown that when a cut plate of predazzite is heated nearly to redness, 
and then immersed in solution of silver nitrate, the particles of brucite (converted by 
the heat into MgO) are blackened by separation of silver oxide, while those of calcite 
remain white (Eammelsberg, Miner^-OkeTnie, 2 Aufiage, 1875, ii. 242). 

The mineral from Predazzo having thus been shown to be a mixture, A. Cossa 
{Gazz. cMm. ital. 1877, 393) proposes to transfer the name Predazzite to the rock of 
Monte Somma, also a mixture of calcite and brucite, which forms the matrix of peri- 
ciase. Analyses of this rock gave ; 


CO® 

C&O 

MgO 

FeO 

H=0 


Sp.gr. 

36*21 

43*56 

12*81 

0*12 

5*23 = 

97*93 

2*857 

39*45 

45*02 

11*28 

0*32 

4*37 = 

100*44 

to 

40*28 

45*73 

9*22 

0*41 

3*97 = 

99*61 

2*903 


RRBRN'XTXC ACXB, C«H2(C02H)S is formed, by separation of 6 at. hydrogen 
and 2 mols. CO^ when hydromellitic acid, C®H®(C02H)®, is heated with strong 
sulphuric acid (vi. 809). Prehnitic anhydride, C®H-(C02H)‘CW.O, is formed 
by the action of heat on prehnitic acid (vii. 785). 

PBXCEXTZS. See Crtptomoephite (p. 589). 

PROPE.XTE, == CH^.CH-.CH*. This hydrocarbon is formed, together with 
several others of the paraffin series, by the action of superheated steam on the dis- 
tillation-products of the fatty acids. The crude product is agitated with strong 
sulphuric acid, and the odl which floats on the surface of the acid is treated with 
sodium carbonate, dried, and rectified (Cahours a. Lemar^ay, Comj[>t, rend. Ixxx. 1568). 


Cliloro- and Bromo-projpanes. 

Bicbiloropropanes, or Propylene Biclilorides, C®H®CP (Eeboul, Ann. CJiim. 
Phys. [5], xiv. 453). a-Bichloro^propane, CH^.CCP.CH®, is generally prepared by the 
action of phosphoric chloride on acetone, but may also be obtained by direct combina 
tion of HCl with allylene. It boils at 69°~70®, is converted by alcoholic potash into 
the chloropropylene, OH^“CCLCH^ boiling at 23°-25'^, and by silver benzoate into 
the di-benzoic compound, CH^.C(C'H®0-)“.CH^ 

^-Dichloroyropme, CH^.CH-.CHCl-, is prepared by the action of phosphoric chloride 
on propaldehyde, but a considerable quantity of the chloropropylene, CH^.CHmrCjECl, 
is formed at the same time. Its boiling point is 85°-87°, and its density 1T43 at 
10°. With alcoholic potash it yields the chloropropylene just mentioned, which at a 
higher temperature (130°), under the influence of the same reagent, is converted into 
aUylene, CH^.C~GH. It yields no diacetyl compound when treated with potassium 
acetate. 

y-PichloropropanCf CH^CHCl.CH-Cl. — The action of HCl on allyl chloride, 
CH^— CH.CH-Cl, does not yield, like that of HBr on the bromide, a mixture of the 
two chloro-compounds, but only the y-dichloropropane. Allyl chloride is heated for 
eighteen hours at 100°, with very concentrated hydrochloric acid, and the upp6r layer 
of the product, which is of a violet-black colour, is separated and submitted to 
fractional distillation. The greater part of it consists of ordinary or y-dichloropropane, 
boiling at 96°-97°. The difference (22°) between the boiling points of the symmetrical 
and unsymmetrical dichloropropanes is the same as the difference between those of 
the corresponding dihromopropanes. 

d'DicMoropropane, or Trimethylene chloride^ OH'OLOH-.CH-Ol, may be obtained 
from the corresponding dibromide by beating it with mercuric chloride in sealed 
tubes at 180° for several hours, or by treating symmetrical propyl glycol with HCl. 
In the latter case, a monochlorhydrin of the glycol, CH-(OH).CH“.GH“Cl, is formed 
at the same time. The two compounds are, however, easily separated, since the 
dichloropropane boils at 119°, and the monochlorhydrin at 162°. The density of the 
dichloropropane is 1’201 at 15°. 

Bibromopropanes, or Propylene Bibromides. a - Bihromopropane, 
CH’.GJBr^.GH®. —It appears to be almost impossible to prepare this body by the action 
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of PBr® OE aeetOEe, but it can be easily prepared by the direot addition of HBr to 
allyleue, or to a-bromopropylene. When hydrobromic acid of not less than 66° B. is 
added to allylene enclosed in a vessel over mercury, the absorption of the gas is com- 
plete in about four or sis hours at 0°, and by replacing the gas as it is absorbed, very 
considerable quantities of the dibromide can be obtained. The product is, however, 
contaminated with a little a-hromopropylene, from which it can be readily separated 
by a few distillations. 

The action of HBr on a-bromopropylene also gives a very pure product ; but it is 
more convenient to work upon the mixture of propylenes given by ordinary dibromo- 
propane in the manner which will he described under j8-bromopropylene (p, 1679). 
The density of cc-dibromopropaue at 10° is T876, and its boiling point 114°-114*5° 
under 7*10 mm. 

^^Dibromopropane^ OH^.CH-.CHBr®. — Although the existence of this bromide can 
be shown independently of theoretical considerations, it has never been satisfactorily 
isolated. The action of PBr® on propyl aldehyde closely resembles the corresponding 
action on acetone ; torrents of HBr are evolved from the commencement of the 
operation, but as soon as distillation is proceeded with, the liquid turns black, evolves 
more HBr, and leaves finally an abundant carbonaceous residue. From the distillate, 
after the removal of phosphorus oxybromide, a little jS-bromopropylene can be 
separated, but no ^-dibromopropane can be obtained. The operation is not more 
successful when the oxybromide is removed by means of water, without previous 
distillation. 

By combining HBr with the bromopropylene, CH^.OHxmOHBr, in the cold, the 
two dibromopropanes are simultaneously produced. Fractional distillation, however, 
fails to separate them, on account of the proximity of their boiling points. On sub- 
mitting the washed and dried liquid to distillation, the boiling point quickly rises to 
135°, and the whole passes over between 135° and 143°, the greater portion distilling 
between 139° and 140°. The boiling point of the i8-compound should be 131°~133°, 
while that of the ordinary or y-dibromopropaue, Cfi®.CHBr.OH-Br, is 143° (vii. 1017). 
The same result is obtained if the combination of HBr with the bromopropylene 
takes place at 100°. 

d-Dihromopropane, or Trhnethpla/ie bromide^ CH-Br.CH^.OH^Br. — The action of 
HBr on allyl bromide forms simultaneously two isomerides, the normal or 5-dibromo- 
propane and the ordinary or 7-dibromopropane. The relative proportion of the two 
bromides varies with the concentration of the acid, with the temperature, and with 
the duration of the action. The best method of operating is as follows : 1 vol. of 
allyl bromide and 3J vols. of fuming hydrobromic acid are heated under pressure at 
100° for fifteen to twenty minutes, and the dark-coloured oily product subsequently 
washed and distilled. A good deal of unaltered allyl bromide pass'es over first, and 
then the thermometer rapidly rises to 140°-"145°. The distillate is collected from 
this point up to 175°. On submitting this portion to repeated fractional distillation, 
the S-dibromopropane can be easily separated, boiling at 164°- 165°, the yield being 
a little more than one-half the allyl bromide used. If the solution of hydrobromic 
acid is not saturated, or if the time of heating be prolonged, a largely increased yield 
of ordinary dibromide is obtained at the expense of the normal or S-eompound ; even 
with a strongly fuming acid, it is not advisable to heat the mixture longer than 
twenty minutes, for no increased yield of the desired product is obtained. Its density 
is 1*9839 at 13*5°. It is much more susceptible of double decomposition than the 
ordinary dibromide, forming with great facility the compound ethers of the corre- 
sponding glycol. 

According to Erlenmeyer {Liebig's Asinalen^ cxcvii. 184\ the conditions most 
favourable to the formation of trimethylene bromide are as follows : (1). Bry hydro- 
bromic acid in large excess should he kept in contact with the allyl bromide until the 
reaction is ended, and the temperature should be maintained at 30°~40° ; (2) the 
more diluted the hydrobromic acid becomes, either by water or by trimethylenc 
bromide, the larger is the quantity of ordinary propylene dibromide formed. When 
the required dilution has been produced by the formation of trimethylene bromide, 
the remaining hydrobromic acid unites with allyl bromide to form ordinary propylene 
bromide, this reaction taking place more quickly at high than at low temperatures ; 
(3) the formation of trimethylene bromide takes place first at temperatures from 
0°-30° and, in the case of sufficiently concentrated solutions, even at temperatures above 
100°. The formation of ordinary propylene bromide commences in dilute hydrobromic 
acid solutions at low rather than at high temperatures, 

CMorol^romopropanes, or Propylene Ohlorobromldes. Five chloro- 
bromopropanes ought theoretically to exist, viz. a, iS, and 5, analogous to the chlorides 
and bromides a, jS, and 5, and two others, 7 and analogous to the chloride 7 . 
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a-ChloTohroTru^Topane, CH^.CGiBr.CH®, is very easily obtained by the action in 
the cold of excess of concentrated hydrobromic acid on a-ehloropropylene. The 
7-inodification, GH®.C01.GH=^Br, is not produced in the cold, but only on heating. 
The a-compound boils at 93®-93‘5°, and its density is 1*474 at 21°. 

Bromiodopropane may be prepared in a similar manner by the action of HI on 
a-bromopropylene. On distillation nearly the whole product passes over at 147°, 
slightly coloured by free iodine. Its density is 2*2 at 

fi-Chlorobromopropane, CH^.OH-.CHClBr, results from the addition of HBr to 
iS-chloropropylene without application of heat. It is generally accompanied bj a 
small quantity of the 7 -compound, CH^.GHBr.CBL-Cl, but the latter is easily separated 
by distillation. Its density is 1*59 at 20®, and its boiling point 110®~112®. 

y-ChloTohromopro’panes, GH^.CHOLGH^Br and 7' GH^.CHBr.OH“CL — ^By main- 
taining for some hours at the boiling point a mixture of ordinary dibromopropane and 
mercuric chloride in an apparatus fitted with an inverted condenser, Friedel a. Silva 
obtained a chlorobromide boiling at 119^-121®, which they considered to be the 
compound CH^.CHGl.GH^Br, because when decomposed with alcoholic potash it yielded 
a-chloropropane boiling at 25®-30®. Beboul, however, points out that the chloro- 
bromide made in this manner is in reality a mixture of the two isomerides. 

Z-Chlorohromopropane^ CH-CLGH^.CH-Br, is prepared by heating allyl chloride 
for seven or eight hours at 100® in a closed vessel, with a concentrated solntion of 
hydrobromic acid, then washing, drying, and fractionating. When quite free from 
allyl chloride, it distils at 140®-142®, and has a density of 1*63 at 8° ; it is, however, 
very difficult to free it entirely from a trace of the 7"-compound, GH^OHBr.CH'-^Cl, 
find of 5-dibromopropane, which are formed at the same time. 

By the action of sodium on the isomeric bromopropanes, one and the same propylene 
is always formed, namely, CH®.CH=CH-. 

When the two chlorine or bromine atoms in .the dichloro- and dihroraopropanes 
are attached to the same carbon-atoms, they cannot he replaced by aerd radicles ; 
when the propane-derivatives thus constituted are treated with silver acetate, they 
lose HCl or HBr and are converted into monochloro- or monobromopropylene. In 
the case of a-dibromopropane, GH^.GBr-.CH®, it is possible to obtain a dibenzoyl- 
compound, but water resolves it into acetone and benzoic acid. 

(vii. 1006). The following additional observa- 
tions on these compounds have been published by L. Henry {Ber. viii. 398). Brop- 
argyl Alcohol is wholly resolved by the action of potassium hydroxide into acetylene 
and formic acid : 

C^H^OH -f EOH = + GHKOl 

Propargyl chloride, G^H^Gl, produced by the action of phosphorus trichloride on 
the alcohol, is a mobile liquid, having a disagreeable odour, insoluble in water, boiling 
at 66®, and having a density of 1 *0454 at 5®. 

The iodide, G^H*I, formed from the alcohol by the action of iodine and amorphous 
phosphorus, crystallises in small need],es, melts at 48'^~49®, dissolves slightly in water, 
abundantly in alcohol and ether, and is decomposed by distillation. 

PROFiLRGVXiEiri:. See Alltlenb (p. 63). 

FBOPXOlirzc ACIB, C^H‘^0“=CH^GH^GOOH. In preparing this acid from 
ethyl cyanide (iv. 730), Th. D. Barry {Inaug. Biss. Halle, 1874) finds that a better 
product is obtained by boiling the ethyl cyanide with alcoholic potash than with 
dilute sulphuric acid. From 2 kg. potassium ethylsulphate and 2 kg. potassium 
cyanide he obtained 471 g. crude ethyl cyanide yielding 390 g. potassium propionate. 

Propionic acid is also formed by heating potassium oxalate with dry sodium 
ethylate, the reaction being analogous to that by which formic acid is obtained from 
oxalic acid and potassium hydroxide : 

KOOG.COOK + H.OE - KOOG.H + 00(0E)= 

Oxalate. ' Formate. Carbonate. 

KOOC.COOE + O^Hs.OK - KOOC.G^H" + 00(0K)= 

Oxalate. Propionate. Carbonate. 

Oily products distil over, and on lixiviating the residue with water, supersaturating 
it with sulphuric acid, and distilling, a strongly acid distillate is obtained, containing 
formic and propionic acids (J. van ’t Hoff, Ber. vi. 1107). 

The supposed formation of a propionate by the action of carbon monoxide on a 
metallic ethylate has been already noted (vii. 1009). According to Berthelot, however 
(BidL Soc. Chim. [2], xix. 160), the hariura-compound obtained by passing carbon 
monoxide into a solution of barium alcoholate in absolute alcohol, though identical in 
composition with barium propionate, G®H®baO- [ba = 68*7], differs from that salt in 
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being soluble in alcohol and in being decomposed by water, with formation of ethyl 
alcohol and barium formate : 

C^H^haO^ + H^O = C^H^O + CHbaO-. 

Berthelot therefore regards this salt as isomeric with barium propionate, and designates 
it as etkylformate. But ethyl-formic acid, 0“H®.OOOH, as is well known, is nothing 
else than propionic acid, and according to the generally received views of the con- 
stitution of acids, no isomeride of propionic acid of the general type C"H^“’''bCOOH 
is possible. Kolbe therefore regards Berthelot's salt as formylated barkm ethylate^ 
CH^CH(GHO).Oba (Ji Chem. [2], viii. 27). 

Propionic acid, heated in a sealed tube with iodine trichloride, yields perchlorethane, 
tugether with CO- and HCi, which escape on opening the tube (F. Kratft, ^er. ix. 
1085). The reaction may perhaps be represented by the equation : 

G3H«02 + 4ICP = GW + GO® + 6HC1 4 21®. 

Bromopropionic Acids. The two dibromopropionic^ acids, represented 
by the formulae 

CH®.CBr®.GOOH CH®Br.CHBr.GOOH 

a ^ 

have been already described (vii. 1010-1012); also the two bromacrylic acids, 
CS®=CBr— COH and GJ0[Br=:CH — COOH, obtained from them by the action of 
boiling alcoholic potash (viii. 44). 

Bicliloroproplonlc Acids, C®H®Cl®.GOOH. Two of these acids are known, 
analogous in constitution to the dibromopropionic acids. 

The a-acid, CjS®.Cl®.COOH, which Klimenko obtained by the action of alcohol on 
the chloride formed by treating pyroracemic acid, CH^.CO.COOH, with phosphorus 
pentachloride (vii. 1012), is also produced by the action of strong hydrochloric or 
moderately strong sulphuric acid on dichloropropionitril, GH®.G1®.CK (iv. 736). The 
easiest way of preparing it is to heat 1 pt. of the nitril with 2 or 3 pts. of a mixture 
of sulphuric acid and water in equal volumes, in a reflux apparatus at about 20°. 
As soon as the layer of oil floating on the surface of the acid ceases to boil, it must 
be pipetted off and rectified with a thermometer in the liquid. Stronger acid or a 
larger quantity gives rise to the formation of brown decomposition -products (Beckurts 
a, Otto, Ber. ix. 1876). 

a-Biohloropropionic acid boils without decomposition between 185° and 190°, and 
does not solidify at — 8°. It volatilises with vapour of water. Its salts, excepting 
the silver salt, are permanent in the dry state at ordinary temperatures, but at higher 
temperatures, or when their solutions are heated (especially in contact with excess of 
base), they decompose, with separation of metallic chlorides. Most of them dissolve 
readily in water and in alcohol. 

The potassium salt, C®H®Cl®KO® + 6H®0, forms shining needles or tufts, decom- 
posing at 60°-70° ; the ammonmm salt, C'*H^C1®(NH‘*)0®, thin, white, fatty laminae ; 
the silver salt, C®H®Cl®AgO®, small white needles, soluble with difficulty in water ; 
decomposed at ordinary temperatures ; the calcium salt, (C®H®Gl®0®)®Ga + 3H®0, 
white, cheaf-like needles, of glassy or silky aspect ; decomposed at 120° ; the 
harium salt, (C®H®Cl®0®)®Ba + H®0, glassy, rhombic laminae, which lose their water of 
crystallisation at 80° and become opaque; the zme salt, (C®H®Gl®0®)®Zn + H®0, trans- 
parent needles resembling the sulphate; they lose their water of crystallisation at 
60°, and are decomposed at 80°. 

The ethers of a*dichloropropionic acid are easily prepared by the action of hydro- 
chloric acid on the solution of the acid in the corresponding alcohol. The methyl 
ether is a colourless liquid having a fruity odour, and boiling at 143°- 144° (uncorr.) 
The ethyl ether, identical with the ether formed from a-dichloropropionitril and alcohol 
in presence of sulphuric acid, boils at 156°-157°. The allyl ether is a faint yellow 
liquid, which is decomposed on distillation, with separation of hydrochloric acid. It 
has a fruit-like smell, and boils at 176°-178°. The isobutyl ether resembles the fore- 
going, is not completely decomposed at 183°-185°; has a pleasant pine- apple odoura 
Starting from the methyl ether, the boiling points of these ethers rise by intervals of 
about 10°. 

Behaviour of a-Dichlornpropionic Acid to Nascent Hydrogen, — By the action of 
zinc and dilute sulphuric acid at ordinary temperatures, the acid is converted into 
propionic acid. The ethylic ether of a-dichloropropionic acid is also converted by 
similar treatment into the ethylic ether of propionic acid. 

Gmversmb of o.-BicUorogropionic Acid into Mcnochloracrylic Acid. — The aqueous 
solution of the silver salt of a-dichloi’opropionic acid becomes turbid at ordinary 
temperatures, and gradually deposits the whole of the silver as chloride ; the change 
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is completed in a few minutes by boiling. The filtrate from the silrer chloride contains 
an acid of the composition of monocMoracrylic acid. It may be formed thus: 
O^H®GFAgO^ = C^H^CIO- 4- AgCL The dry silver salt, even in closed vessels, suffers 
the same change at ordinary temperatures. 

The potassium salt of monochloracrylic acid may also he obtained by heating an 
alcoholic solution of a-dichloropropionic acid (1 mol.) with a solution of potassium 
hydrate (2 to 3 mols.) This acid is not identical with the j3-monochloracrylic acid of 
Werigo and Werner, but corresponds with the a-monobromacrylic acid of Philippi 
and Tollens. 

Conversion of a-Bichlorojpropionic Acid into Acetic and Carbacetos^ylic Acids . — 
When an aqueous solution of o-dichloropropionie acid is heated with freshly pre- 
cipitated silver oxide, the following change takes place : 

C®H®G12Ag02 + 2Ag20 = 2AgGl 4 2Ag 4 CO- 4 C'^HsAgO®. 
ver ct-diohloro- Silver acetate, 

ropiouate. * 

• 

By treating an aqueous solution of a-dichloropropionic acid with silver carbonate, 
a salt is obtained in small brown needles which is probably the silver salt of 
carbacetoxylic acid (Beckurts a. Otto, loc. cit.') 

Conversion of a-Biohloroj^ro^ionic acid into CUoracrylic and Byroracemic acids . — 
An aqueous solution of the silver salt of this acid is converted by boiling for a few 
minutes into a solution of monochloracrylic acid, with deposition of silver chloride : 
C^H^Cl-AgO^— AgCl4 C^H^OIO^; and on heating the latter solution for some hours 
with oxide or better with carbonate of silver, the sfiver salt first formed is decom- 
posed, and pyro racemic acid, C^HW, is formed, according to the equation 
C^H‘'^ClAg0-4H"0 = AgCl4 These two reactions may be effected in one 

operation by simply heating a solution of a-dichloropropionic acid with an equal 
number of molecules of silver carbonate, till silver chloride is no longer formed, the 
following reaction then taking place : 

C^H^GPO^ 4 Ag^GO^ = -h 2AgGi 4 GO’-^ 

(Beckurts u. Otto, Ber. x. 264). 

a.-Bichloro'p'i ojpionitril, CH^.OOl-.ON. — This compound exists in two physical 
modifications, one liquid and the other solid (iv. 736). The latter is regarded by 
Beckurts a. Otto as a polymeric modification of the former, inasmuch as when boiled 
with dilute sulphuric acid it reacts in the same manner, yielding a-dichloropropionic 
acid. Heated in a sealed tube with alcoholic ammonia, it is converted into a-dichlorO‘ 
profionamide, GH^.Gl-.GONH- (m. p. llo°-116°). The solid modification is produced 
in greatest abundance when the action of chlorine on propionitril takes place at com- 
paratively low temperatures ; also, though in small quantity only, and accompanied 
by various brown amorphous products, when the liquid modification is boiled for 
some time in a reflux apparatus with potassium, sodium, or sodium-amalgam. In 
this reaction metallic chlorides and cyanides are also formed. The liquid modification 
is also converted into the solid when kept in imperfectly closed vessels, considerable 
quantities of hydrochloric acid being set free at the same time. The solid modifica-' 
tion is perhaps a derivative of cyanethine (ii. 189) (Beckurts a. Otto, Ber. ix. 1593 ; 
X. 263, 2040). 

^-Diohloropropionic acid, GH-C1.GHG1.COOH.— Werigo a. Okulitsch, by 
treating glyceric chloranhydride with alcohol, obtained a product which they regarded 
as the ethylic ether of iS-'dichloropropionie acid (vii. 563). Subsequent experiments 
by Werigo a. Melikoff {Ber. x. 1499), however, have shown that this product when 
saponified does not yield /8-dichloropropionic acid. But, if the glyceric chloranliydride be 
first converted by boiling with potash into chloracrylic acid, CHGlmCH — CO^H, and 
the latter be heated with hydrochloric acid, it takes up HOI and is converted into 
^-dichloropropionic acid, melting at 60°, and yielding an ethylic ether which boils at 
183°-184°. The /3-acid is, however, more easily obtained, together with ehlorolaetic 
acid, by heating glyceric acid in sealed tubes for three days with hydrochloric acid 
saturated at 0° (W. and M. Ber. xii. 178). L. Henry {Ber. vii. Bull. Soc. Chim. 
[2], XXX. 161) has also obtained the jS-acid by the action of fuming nitric acid at the 
heat of the water-bath on unsymmetrical dichlorhydrinj CH“01.GHC1.GH^0H (p. 876). 
It may be extracted from the product by ether, in which it dissolves readily, as also 
in alcohol and water; crystallises in needles; melts at 50°; and jdelds an ethylic 
ether which boils at 180°. The identity of the dichloropropionic acid from glyceric 
acid with that obtained from unsymmetrical dichlorhydrin is further shown by the 
fact that both yield the same ;8-chloracrylic acid melting at (Werigo a. 

Melikoff). 
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Cyanopropionlc Acid, G‘H®2sO-=C2H^(CN).COOH (Waiiklyn a. Cooper, 
Fkil Mag. [6], vii. 356). This acid is formed, together with others, when wool 
(1 pt.) dissolved in water containing potassium hydroxide (3 pts.) is oxidised^ by 
2 pts. of potassium permanganate. It is obtained pure by converting it into a barium 
salt and decomposing the latter with sulphuric acid. 

Oyanopropionic acid in the free state is an amorphous solid, brittle at ordinary 
temperatures, but softening at 100°. In mass, it has a pale brownish -yellow or straw 
colour ; in powder it is almost white. It is very soluble in water and in^ strong 
alcohol ; has a strongly acid taste and reaction ; decomposes carbonates, and dissolves 
magnesium in the cold. It is oxidised by potassium dichromate and by permanganate. 
Heated at 140°, it gives off all its water ; at higher temperatures, it is decomposed, 
evolving ethyl cyanide, and forming a brown mass, soluble in potash. The potassium 
salt, heated with twice its weight of potassium hydroxide, is completely decomposed, 
giving off ethylamine and leaving potassium oxalate : 

C2HXCN).COOH + 2HOE: * 

Most of the metallic cyanopropionates are soluble in water, and contain water of 
crystallisation. Barium cyanopropionate, Ba(C‘‘H‘‘N0-)".3H“0, is a white powder, 
very soluble in water, bnt sparingly soluble in alcohol. It loses 1 mol. of water 
at 160°- 170°. There is also a basic salt, [Ba(C‘H‘‘]SrO‘-)-.3H^O]2BaH“0-. The 
silver salt, 2C‘'H‘‘AgNO-.JH‘‘^0, is nearly insoluble in water; the dry salt quickly 
absorbs 2 per cent, of water. There is also a basic salt, 2C^H^AgNO^AgHO.B[‘-^0, 
obtained by adding silver nitrate to the basic barium salt. The lead salt, 
Pb(C^H‘‘NO‘'^)*.H“0, is a white powder, nearly insoluble in water. The magnesium salt, 
Mg(G*H^NO^)^.3H“0, is extremely soluble in water, drying up first to a jelly, and 
finally to a brittle mass, yielding a white powder. ThQ potassm7n salt, C'*H'*NKO‘'^.H-0, 
forms a straw-coloured transparent solid. Dried at 100°, it contains 5 mols. of 
water ; at 190°, only 1 ; deposited from strong alcohol and dried at 100°, it contains 
4H-0. It is very soluble in water and in 40 per cent, alcohol, sparingly in strong 
alcohol. The cahium salt, Ga(C‘‘H^N0^2.4H^O (dried at 100°), is very soluble in 
water, and is precipitated from its aqueous solution by alcohol of 84 per cent. It loses 
about 4 per cent, (rather less than ^ mol.) of water at 200°. 

l?ROPIOMrYl.-PROPlOMrATB,BTKTri.lC,0H3.0H2.C0.0H-.CH“.C00Cm 

This ether is formed by digesting ethyl propionate in a Brankland’s apparatus (i. 521) 
with sodium. About §■ of an equivalent of the metal is thereby dissolved, and on 
adding acetic acid to the product, ethyl propionylpropionate is separated as a liquid 
resembling ethyl acetate, but having a still more fragrant odour. Sp. gr. 0'9048 at 0°. 
B. p. 180°-205°. It gives no colour-reaction with ferric chloride, and does not 
unite with mercuric oxide, whereas ethyl acetoacetate unites with that oxide, forming 
a white insoluble mass (Oppenheim a. Hellon, Ber. x. 699), 

PROPlOPHSTa-OIfB, C^H^CO.C^H". See Ketones (p. 1152), 

PROPYI. AX.COHOX1S AlfB BTKBRS. Normal Bropyl Alcohol, 
CH^.CH^.CH^OH. — On the formation of this compound from allyl alcohol by the 
action of nascent hydrogen (zinc and sulphuric acid), see Allyl Alcohol (p. 59). It 
is found, together with butyl alcohol, in the sour waters of the wheat-starch manu- 
facture, and in the volatile products of the lactic and butyric fermentation of glucose 
(Bouchardat, Compt. rend. Ixxviii. 1145). Linnemann, by heating the nitrite of normal 
propylamine, obtained isopropyl alcohol (vii. 1015). According to Meyer a. Forster, 
however {Ber. ix. 535), the product thus obtained is a mixture 42 per cent, normal 
and 58 per cent, isopropyl alcohol. 

According to Klimenko {Btdl. 8og. Chim. [2], xxv. 294), propyl alcohol is con- 
verted by oxidation with nitric acid into propyl acetate, oxalic acid, and carbon 
dioxide. 

Bromine acts on propyl alcohol in the same manner as on ethyl alcohol (p. 744), 
producing the propyl-alcoholate of propyl-bromal, C^H®Br®O.C®H®0, which is a slightly 
yellowish liquid (Hardy). 

On the reaction of propyl alcohol with urea, see Gabbamxtes (p. 385). 

Bropyl ChloTocarbonate, Gl.OO.OC^H’’, is formed by the action of phosgene gas on 
normal propyl alcohol. The products, after washing with water and drying over 
calcium chloride, boil between 90° and 160°, the greater part distilling over at 120°- 
130°, and consisting of nearly pure chlorocarbonate. This ether is a liquid, heavier 
than water, giving off a pungent vapour which strongly attacks the eyes, and burning 
with a green flame. It is easily decomposed by distillation, and cannot therefore bo 
purifi:ed by fractionation (H. Eoemer, Ber. vi. 1101). Bropgl Carbonate, 00(0 
is formed by dropping an ethereal solution of the chlorocarbonate on sodium propyl- 
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ate (Roemer) ; also by the action of sodium on the osalate (Cahours, Compt rmd. 
Ixxxyii. 749). It is a colourless, mobile, fragrant liquid, burning with a blue flame, 
and boiling at 160^-165° (Roemer); 156^-160° (Cahours). Sp. gr. 0*968° at 22° 
(Cahours). JPropyl Carbamate^ formed by the action of aqueous 

ammonia on the chlorocarbonate, crystallises in large colourless prisms, easily soluble 
in alcohol and ether, less soluble in water, melting at 50° ; comp. Cahours (p. 385). 
Tropyl Fhenylcarhamate, NH(C®H^).OO.OC®H^ formed in like manner with an 
ethereal solution of aniline, crystallises in slender needles, easily soluble in alcohol, 
less soluble in water, melting at 57°-59° (Roemer). On Ethylidene-'FropylGafhonate, 
OH®.CH(NH.CO.OC3H^)2 see Carbamates (p. 386). 

Propyl Nitrite^ O^H^O-NO, formed by passing nitrogen trioxide into propyl 
alcohol, is a fragrant liquid, having a specific gravity of 0*935 at 21°, and boiling 
between 43° and 46°. On its isomeride, 7iitropropane, see p. 1491. The oxalate, 
G^H^O.CO.CO.C^H^O, is prepared by distilling anhydrous propyl alcohol with dry 
oxalic acid, either alone or mixed with ^ pt. sulphuric acid. The distillate, on 
addition of water, separates into two layers, the upper of which, when washed, dried, 
and rectified, yields propyl oxalate as a liquid having an aromatic odour, a specific 
gravity of 1*018 at 22°, and boiling between 209° and 211°. Ammonia converts it 
into crystalline propyl ox amate, C^H’^.O.GO.CO.NH^ which is decomposed by 
water, with reproduction of propyl alcohol and oxalic acid. The salicylate, 
C®H^(OH).COOC*H^ prepared from propyl alcohol, salicylic acid, and strong sulphuric 
acid, in the proportions 2:2:1, forms, after washing, drying, and rectification, a 
colourless fragrant liquid, having a specific gravity of 1*021 at 21°, and boiling 
between 238° and 240°. It is slightly soluble in water, and dissolves in all propor- 
tions in alcohol and ether. It forms well-crystallised chioro- and bromo-derivatives, 
is converted by fuming nitric acid at ordinary temperatures into a nitro-derivative, 
and decomposed at the boiling heat with formation of picric acid. With ammonia it 
forms saiicylamide. Propyl Phenate, C®JI®(C®H’')0, is formed, together with barium 
carbonate, by distilling propyl salicylate with baryta ; more readily, however, by beat- 
ing propyl iodide with an alcoholic solution of potassium phenate in a sealed tube at 
100°-110°. It is a colourless liquid, having a pleasant odour, a specific gravity of 
0*968 at 20°, and boiling at 190°-191°. It is violently attacked by strong nitric 
acid, and forms with bromine a crystalline substitution-product (Cahours, Compt, rend. 
Ixxvii. 749). 

Propyl Sulphide, (C^H^)“S, obtained by heating potassium monosulphide with 
propyl chloride or iodide in alcoholic solution, boils at 130°“135°, and has a density 
of 0*814 at 17° (Cahours, vii. 1014). 

Metallic compoundsofPropy 1. — The compounds of propyl with aluminium, 
glucimim, mercury, tin, and zinc, discovered by Cahours, have been already described 
(vii. 1014). 

When propyl iodide is heated with arsenie for twenty-four to thirty hours at 
175°-185°, a brown-red liquid is formed, which solidifies at low temperatures to 
reddish-brown crystals of the compound AsP.As(C®H’)‘*I. Strong pota-h-ley decom- 
poses this compound, with separation of an oil, and after the excess of potash has been 
saturated with carbonic acid, absolute alcohol extracts from the product Utrapropyl- 
arsojiium iodide, which crystallises in colourless prisms. Iodine dissolves in its warm 
solution, forming a polyiodide, which separates on cooling in blackish-brown crystals 
having a metallic lustre. On distilling the above-mentioned double compound with 
caustic potash, tripropyl-arsine, As(C*'*H’’)®, is obtained as a liquid which has an ex- 
tremely offensive odour and unites directly with alcoholic iodides. 

Zinc arsenide acts on propyl iodide at 175°-'180°, forming prismatic crystals of 
the compound ZnI-.2 As(C^H^)^ I, which is decomposed by strong potash-ley in the 
same manner as the double arsenie compound. The arsenides of potassium and 
sodium act very violently on propyl iodide, forming, together with teirapropyl- 
arsonium iodide, a very offensive-smelling liquid, probably containing and trip'opyl- 
arsine (Cahours, Compt. rend. Ixxvi. 1383). 

Iso- or Pseudopr opyl Alcohol, CH*,CHOH.CH^ — This alcohol is formed : 
a. By the action of heat on propylamine nitrite (vii. 1015). j8. Together with 
pinacone, by the action of sodium on acetone in contact with a strong solution of 
potassium carbonate (p. 1529). y. Together with carbon dioxide, by dry distillation 
of bydi'oxypyrotartarie acid (see Pyeotartaric acid): 


CH®— COH— CO^H CH«— CHOH 

I = 2C02 + I 

CH^—CO^H CH3 


Flavitzky (Aie^zy’s Annalen, elxxv. 380) prepares isopropyl alcohol by decomposing 
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the corresponding iodide with water and lead oxide. Niederist {ihid, clxxxvi. 391) 
heats the iodide (20 to 25 grams) with 20 times its weight of water in a closed 
champagne bottle for forty hours. 

Isopropyl'Compounds are easily formed from haloid propylene- compounds. 
Propylene-glycol is converted by hydriodic acid into isopropyl iodide, and the oxide 
and oxychloride of propylene ; by nascent hydrogen inb) isopropyl alcohol (Linnemann, 
Lieh. Ann. clxi. 45). 

The following ■ table exhibits the boiling points and densities of normal propyl 
iodide and isopropyl iodide at those temperatures at which their vapour-tensions are 
equal (P. D. Brown, Proc. Roy. 8oc. xxvi. 238). 


Yapour- 
tension in 
millimeters 

. Boiling point 
of normal 
propyl iodide 

Boiling point 
of isopropyl 
iodide 

Density of 
normal propyl 
iodide 

Density of 
isopropyl 
iodide 

Difference 

of 

densities 

200 

62*37° 

50*50® 

1*66704 

1-645S0 

0-02114 

300 

73-51 

61*33 

1*64493 

1*62359 

>*02134 

400 

81*95 

69*70 

1*62808 

1*60646 

) -02162 

500 

88-84 

76*44 

1-61446 

1-59246 

0*02200 

600 

94*70 

82*11 

1*60250 

1-58068 

0-02182 

700 

99*83 

87*13 

1*59221 

1*57035 

0*02186 

^ 760 

102 63 

89*86 

1-58670 

1 1*56497 

0*02196 


PROP'S Xi-ACZSTIC ACZBS, (C^H'OCH^. COOH. See Pentoic acids (p. 1500;. 
According to N. Ley {Ber, x. 230), isopropyl-hydroxyacetic acid is resolved by 
oxidation into carbon dioxide, isopropyl aldehyde, and isobutyric acid. 

PROPTI.-(ISO)-ACETYI.E3JffB, (CH®)2CH.0 = CH, is obtained by the 

action of alcoholic potash on isopropylethylene dibromide, (CH^)2CH.CHBr.CH-Br. It 
boils at 35® (Eltekoff see Pentylenes, p. 1503). 


PROPYZiAMZE'SS, Propylamine may be prepared by fermenting 

the digestive apparatus of cows, calves, sheep, or oxen for thirty-two to thirty-six 
hours at 59®-64'5® Pahr. with four or five times its weight of water and ^ of potas- 
sium or sodium carbonate, then adding caustic soda, distilling off ^ of the*’ volume of 
liquid, converting the base therein contained into hydrochlorid^e, distilling it with soda, 
and collecting the evolved vapours iu water (E. Perret, Fharm. J. Tram. [31, 
iii. 884). 

. Isopropylamine is converted by nitrous acid into isopropyl alcohol ; normal propyl- 
amine into a mixture of normal and isopropyl alcohols (p. 1676). 


_ PROPYE-BEWSEIffE, C«H^CH2.CmCH^ This hydrocarbon, 

originally obtained by the action of sodium and propyl iodide on bromobenzene (vi. 
295), may also be prepared by dropping benzyl chloride (about 60 g.) into zinc-ethyl 
previously raised to a gentle heat, decomposing the product with water, distilling in a 
stream of aqueous vapour, drying, and fractionating over sodium. It then boils at 
156*5°-158'5® (corr.), and has a density of 0*881 at 0®. Heated with sulphuric acid 
(50 grams to a mixture of 40 ordinary and 50 fuming acid), it yields two isomeric 
propylbenzene-sulphonic acids, one of which (a)^ forms an anhydrous barium salt 
crystallising in lamellge, while the barium salt of the /3-acid crystallises with 2 mols. 
water in microscopic prisms, and is more soluble than the a-salt. The aAead salt 
crystallises with 1 mol. water in scales, and is much more soluble than the j8-salt, 
which contains 2 mols. water. The a-potassium salt fused with potash yields a 
propyl-phenol, C®H4(C3H’)OH, isomeric with cumophenol (p. 593), boiling at 
about 230®, and yielding a methyl-derivative which boils at 210®-215® (Paterno a. 
Spica, cMm. ital. 1877, 21). 

When bromine-vapour is passed into propyl-benzene heated to 150®-160®, bro mo- 
propyl-benzene or phenyl-bromopropyl, CfiHs.C^HsBr is formed, which is 
resolved on boiling into hydrogen bromide and allyl-benzene, a 

colourless liquid having a peculiar odour, boiling under a pressure of 728 mm. at 
164*5°-165*5° having a density of 0*924 at 16®, and a vapour-density =;=4*01. AUyl- 
henzene dibro7Mde, or Pheiiyl-dibrcymopropyl, C®H®.C®H®Br“, obtained by dropping the 
calculated quantity of bromine into allyl-benzene diluted with chloroform, crystallises 
from, -alcohol in long white silky needles melting at 65°-66°. The same compound is 
obtained by the action of 2 mols. bromine on 1 mol. propyl-benzene at 160®. The 
action of bromine on propyl-benzene gives rise also to products of still higher boiling 
point, one of which boils at 220®, and appears to consist of bromovromjUhenzens 
C‘^H^.C®H®Br (Eadziszewski, Ber, vii. 143). ’ 
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Secondary Frofyl-henzene Alcohol, or Fkenyl^ihyl Carhinol, = 

C®H^CHOH.C^H®, formed by the action of sodinm-amalgam on phenyl-ethyl ketone 
(propiophenone, p. 1152), boils at 212°, and has a density of 0*99 at 15° (Th. B. 
Barry, Ber, vi. 1006). 

Broyyliso-pTojpylhenzene, is formed by the 

action of zinc-ethyl on cymyl chloride: 

= Zn'Ol + <ci(S- 

The reaction is violent, so that the zinc-ethyl must be added by drops to the 
cooled liquid. Propyiisopropyl benzene boils between 21 1° and 212° (eorr. at 745 mm.), 
and has a density of 0*8713 at 0°, By oxidation with nitric acid (4 vols. acid with 
6-7 vols. water) it is converted into propylbenzoic acid, C^HbC®H^.COOH (iw/ra), 

COOH 

and homoterephthalic acid, (p. 1616) (Paternd a. Spica, Crazz. 

chim. ital. 1876, 99; 1877, 361). 

IsoyroyyUallyl-henzene, 0®H*(C^H^)OH=:CH — OH®, and Isopropyl-- 
hut enyl -benzene, C®H^(C®H’)CHn:CH.CH^CH®, are formed by the action of 
sodium carbonate on hydrobromocumenylcrotonic and hydrobromocumenylangelic 
acid respectively (p. 499). 

PBOPlTZiBBXirzoXC ACZB, C®H^G®H‘.COOfi, isomeric with cumie acid, is 
formed, as above stated, by oxidation of propylisopropyl-benzene. It crystallises in 
smooth colourless needles, easily soluble in ether, alcohol, benzene, and chloroform, 
sparingly in water ; melts at 138°-139°. Its ammonium salt is soluble in water, 
alcohol, and ether, and its concentrated solution gives precipitates with the salts of 
the heavy metals. The composition of the silver salt is C^H^.C^^H’^COOAg ; that of 
th-Qbarium salt, (C^H’.C®H‘‘.COO)-Ba + 2H-0 (Paterno a. Spica). 

PBOPYBBItrs, OH®— CHxxCH^. According to Kerstein (Ber. ix. 695), 

this hydrocarbon is obtained, mixed with hydrogen, by heating glycerol with zinc-dust. 
The dibromide obtained from it boiled at 142°, 

On Bropylene Bichlorides and Bibromides, see Peopanes, Chloeo- and Bsomo- 
(pp. 1671-1673). 

Sromopropylenes, C^ffBr. The a-componnd, CH®.CBr=CH-, is best pre- 
pared by heating a-dibromopropane for five or six hours at 100° with sodium ethylate 
containing exactly the quantity of sodium necessary to remove one-half of the bro- 
mine. The product, when distilled and washed with water, gives, after several recti- 
fications, the a-bromopropylene in a state of purity. It is a mobile liquid, boiling .at 
47°-48° under a pressure of 742 mm. Its density is 1*39 at 9°, or 1*362 at 20°. 
With HBr it gives only one compound, namely, the dibromopropane from which it 
was originally prepared, boiling at 114*5°; with bromine it yields the tribromide, 
CH^CBr'^CK^Br, boiling at 190°-191°; sp. gr. 2*33 at 12°. 

^-Bromopropylene, CH^CH=CHBr. — Ordinary bromopropylene. derived from the 
ordinary dibromide (7) by loss of HBr, is a mixtui*e of the two bromo-derivatives, 
CH^.CBrmCH- and GH^.CHi=CHBr, which, cn account of the proximity of their 
boiling points, cannot be separated by fractional distillation. The separation may, 
however, be effected by taking advantage of the double fact that HBr attaches itself 
much more rapidly to a-hromopropylene than to its isomeride (^8), and that the com- 
bination formed with the first compound is the more stable of the two. By thus 
sacrificing a portion of the i8-bromopropylene, the whole of the first compound (a) 
may he completely removed. 

The mixture of the three bromides resulting from the addition of HBr to ordinary 
bromopropylene may be distilled, and the portion boiling under 136° collected and 
decomposed by rapid distillation with concentrated alcoholic potash. Under these 
conditions the two isomerides of a-dibromopropane are completely destroyed, while 
the latter is only partially acted on. By fractionating the distillate, the a-dibromo- 
compound boiling at 114° may be readily separated. This, when broken up by 
potash or by sodium ethylate, yields pure a-hromopropylene boiling at 47°-48°. 

By treating jS-bromopropylene with bromine in the cold, the tribromopropane, 
CH^.CHJSr.GHBr2, jg obtained. It boils at 200°-201°, or 10° higher than the 
isomeride furnished by a-bromopropylene. Its density is 2*356 at 18° (Eeboul). 

Chloropropylenes, C^H^Cl. Three of these compounds, a, 7, are known, pro- 
duced by the action of alcoholic potash (abstraction of HCl) on the corresponding 
propylene dichlorides or dichloropropanes (Eeboul, p. 1671). 
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a-CJihropr&pylene, OH^COlzzCHS thus prepared from CH^COP.CH^, boils at 25®; 
unites with HBr, forming the chlorobromide, CH®.CClBr.CH® (b. p. 93®)j and with 
Bi2 forming the dibromide, CmCClBr.CH^Br (b. p. 169®-170®). 

^•Chloropropylene, CH®.CH=CHG1, prepared by heating jS-dichloropropane, 
CH^.CH'-.CHCl-, for four or five hours under pressure with excess of alcoholic potash, 
is a very mobile liquid lighter than water, and boiling at 35°-36°. It unites with 
HBr, forming the chlorobromide, CH^.GH'^.CHClBr, which boils at 110®, together with 
a small quantity of CH®.CH3r.CH-Gl, which passes over at about 121°. iS-Ghloropro- 
pylene unites with bromine at 15°, forming the. dibromide, OH^GHBr.GHClBr, 
which boils at 177°-177‘5°. 7 -r>iehloropropane, CH^.GHCl.CH^Cl (ordinary pro- 
pylene chloride), in which the two chlorine-atoms belong to adjacent carbon-groups, 
yields a mixture of a- and ^-chloropropylene, the former predominating. 

y-Chloropropylene^ GH^=:CH.GH-G1, is identical with allyl chloride. 

DioJiloTopropylene, C®H'‘G1“. (Pinner, Liebig's Annalen, clxxix. 47). — This 
compound is formed, with separation of hydrochloric acid and carbon monoxide 
(production of formic acid), by the action of potash- or soda -ley on butylic chloral : 

C^H^CPO - CO - HCl = C^H^CP. 

It is readily acted on by 1 mol. bromine at ordinary temperatures, yielding di- 
chlorodibromopropylene, C-’^H^CPBr-, a colourless heavy oil, which boils at 
188°; when heated in a sealed tube with excess of bromine, it yields more highly 
brominated substitution -products ; 

C^H-^Cl-Br^ + Br2 = C^HCPBr^ + HBr, &c. 


Diehlorodibromopropylene is easily decomposed by alcoholic potash, forming a pre- 
cipitate of potassium bromide ; and if after the reaction is complete the alcohol 
be diluted with 4 to 6 vols. water, monobromodichl orallylen e, C^HCPBr, 
separates as a heavy oil having an agreeable odour like that of chloroform, boiling 
without decomposition at 143°, and capable of uniting with 2 at. bromine to form di- 
chlorotribromopropylene, C^HCPBr^ This latter is a finely-crystallised body, 
melting at 207°, moderately soluble in cold alcohol, volatilising with alcohol, and 
emitting vapours which excite a copious flow of tears. 

Dichlorotribromopropylene, treated with alcoholic potash, likewise forms an imme- 
diate and copious precipitate of potassium bromide, not however yielding dichloro- 
dibromallylene, C^CPBr% by elimination of HBr, but being reconverted into moiio- 
bromodichloraliylene, G^HGPBr, by elimination of Br-. Neither can the last atom 'of 
hydrogen be removed from C^HCl-Br^ by the direct action of bromine, that compound 
remaining unaltered when heated with bromine for a considerable time in a sealed 
tube. 

Biehloropropylene, agitated with colourless hypochlorous acid, is gradually con- 
verted into a heavy not very volatile oil, which however consists of totrachloropro- 
pylene, G^H^CP, evidently resulting from the action of chlorine set free by decompo- 
sition of the hypochlorous acid. 

Action of Nitric Acid. — ^When dichloropropylene is slowly dropped into well-cooled 
nitric acid, a vigorous action takes place, a clear solution being formed, from w'hieh 
a greenish oil is deposited on dilution with water : a portion of the dichloropropylene is 
however wholly destroyed, much hydrochloric acid being found in the liquid. The oily 
mass distils between 1 20° and 200°, with partial decomposition ; after treatment with 
tin and strong hydrochloric acid, however, it does not decompose on heating ; by 
fractional distillation the greater part is found to pass over between 130° and 140°, 
and at 190° to 195°. The more volatile portion is trichloropropylenej 
boiling at 120°, after treatment with caustic potash. The higher-boiling substance 
solidifies on cooling to a camphor-like mass, possessing an odour like that of chloro- 
picrin; it is very soluble in alcohol, and on analysis gives numbers agreeing with the 
formula G^H-’CPNO^, or C^H-CPNO^ better with the latter, whence apparently the 
body is trichloronitropropylene; on treatment with caustic soda, it furnishes 
common salt and a body having the composition of diehloronitroallylene 
(b. p. 162°), formed from trichloronitropropylene by loss of the element sof hydrochloric 
acid. 

The reducing action of the tin converts a portion of the trichloronitropropylene 
intQ trichloramidopropylene, G^H2GP(NH2) ; this is an oily base, slightly 
soluble in water, and forming* a hydrochloride excessively soluble in water, readily 
soluble in alcohol; at 100° this salt decomposes into its components; it forms a 
platinochloride, readily soluble in water and alcohol, crystallising in yellow prisms, 
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PBOPTXiBZf S GXiircoXiS, C*jS^(OH)-. 1. Ordinary Propylene (xlyool, 
CH®.CHOH.CB.^OH, boils, according toFlawitzky, at I8o-3® (at 188‘^-189^, Wurz, r. 
892). By potassium, dichromate it is ultimately oxidised to acetic acid. With 
dehydrating agents it yields propionic aldehyde (Flawitzhy, Ber, xi, 1256). 2. 'Nor- 
mal Bro'yylene Grlyool, or Trimethylene Grhjcol, CH-OH.CH-.CH-OH. 
Eeboui {Conifi. rend. Ixsix. 169) prepares this compound by heating normal propylene 
bromide with potassium acetate, either in a reflux apparatus or in a sealed tube 
at the temperature of boiling water, and saponifying the residting diacetate, 
CH-(CH-.0.G-H=^0)^ with barium hydroxide. This glycol boils at 216° (corr.), and 
forms a very thick colourless liquid having a sweet taste, a density of 1-053 at 19®, 
and miscible in all proportions with water and alcohoh 

Normal Propylenie Ethers. The diacetate maybe prepared as above, or - 
better by the action of trimethylene bromide on silver acetate at 100° in presence of 
acetic acid. It is a colourless oily liquid, of sp. gr. 1-070 at 19°, boiling at 209°- 
210° (corr.), soluble in 8 to 10 vols. of water. The dibenzoate, CH\CH^.O.C^H®0)^, 
is prepared, like t]j6 diacetate, with silver benzoate, with addition of anhydrous 
ether, and crystallises from the product — after separation of silver bromide and ether 
— in a vacuum over sulphuric acid. By reerystallisation from ether it is obtained in 
fine laminar crystals melting at 53°. The divalerafe and monovahrate are formed 
together, in like manner, from silver valerate. They are oily liquids, of unpleasant 
odoim, insoluble in water, the former boiling at 260°, the latter at 280°. 

Bropylene Chlorhydrin, CH-OH,CH-.CH-Cl, is formed, together with the 
corresponding dichloride, CH'Cl.CH-.CH-Cl (p. 1671). by saturating the correspond- 
ing glycol with dry hydrogen chloride, heating the solution at 100° in a closed vessel 
for several hours, again saturating it with hydrochloric acid, and heating a second 
time. Two layers are then formed, the lower after rectification yielding the di- 
chloride, while the upper, on fractional distillation, yields the chlerhydrin, C^H'CiO, 
which boils at 160° (corr.), has a density of 1*132 at 17®, and dissolves in 2 pts. of 
water. 

Normal Bropylene Oxide, formed on heating the chlor- 

hydrin with potassium hydroxide, but is instantly polymerised if a little water is 
present. It is best therefore to use solid potassium hydroxide, and distil after the 
reaction into a well-cooled receiver. The distillate, when dried over potassium 
carbonate and rectified, forms a very mobile colourless liquid having a penetrating 
odour, soluble in water in all proportions, and boiling at 50°. 

PROPYXip-EtrasiircZi, C®H;2(OC3HO(OCH®)C3H^ See Eugexol (p. 763). 

PROFYXi-SarZTROXiZC ACID, and PnoPYL-PSEunoNiTnoL, 

CH3.0(CH3)(N02)(N0). See Pasaffins (Eiteo-), p. 1494. 

r<3TT7 

PROPTZi-PKBXroZi, . This compound, metameric with propyl 

phenate, and isomeric with cumophenol (p. 1542), is formed by 

fusing the potassium salt of a-propylbenzenesulphonic acid (p. 1678) with potassium 
hydroxide. It boils at about 230°, and forms a methyl-derivative boiling at 210°- 
215° (Paternb a. Spica, Oazz. clihn. ital. 1877, 21). 

PROPirZi-PHSXTSrZi KBTOXiTZ:, or JButyrop'henone, C^BL^CO.C^H^ See 
Ketones (p. 1152). 

PROTBZBS or AZiBtTlVXZZJOZBS. Nasse’s experiments {Bfliiyer's Archiv. f. 
Physiologie, vi. 589) on the decomposition of these bodies by baryta-water, and the 
conclusions thence deducible as to the state of the nitrogen contained in them, have 
been already noticed in this Dictionary (vii. 1022). More extended researches on 
this mode of decpmposition, and the light which it throws on the proximate consti- 
tution of the prote'ids, have been made by Sehiitzenberger {Ann. Chiin. Fhys. [5], xvi. 
289-419 ; Ohem. 8oc. J. xxxvi. 542-548). 

Coagulated albumin, or other proteid, was heated with the alkaline solution for 
some hours in an autoclave, whereby ammonia and acetic acid were obtained i 
together with a light-yellow friable residue, containing all the fixed principles, such as 
leucine, tyrosine, &c., formed at the expense of the organic matter. The total weight 
of this residue amounted to about 96 per cent, of the albumin used, whence it appears 
that the decomposition of albumin under the influence of baryta is accompanied by 
fixation of the elements of water, the sum of the separate components always exhib- 
iting an excess varying from 10 to 14 per cent. The main results of the analysis of 
this fixed residue are as follows : 

i. The mixture of fixed principles derived from albumin by hydration contains 
voL. vm. 5 Q 
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only amido-derivatives. 2, These derivatives may be divided into two portions, 
one, the weight of which amounts to about 16 to 18 per cent., containing the sub- 
stances in which the ratio of nitrogen to oxygen is 1 : 3 or 1 : 4 or 2 : 5. This, 
which is the more important fraction, consists of acids of the formulae 
0np[2a-3]»;fo3, ‘‘N'O®, and the third term being only a molecular 

combination of the second and fourth. The second fraction, constituting four-fifths 
of the fixed residue, may be represented by the general formula the value 

of n being a little less than 9. As the limit of hydration is approached, the products 
belonging to the type (where m is a multiple of 'ii) are progressively 

resolved into simpler bodies, apparently belonging to the same type, and these again 
into bodies of the type which in their turn are resolved into leucine s [or 

alanines], and leuceines, This interpretation is not 

affected by the presence of more highly oxygenated acids in the fixed residue, since 
they may be regarded as derived from any of these bodies by substitution of 0 for 

The bodies most easily separated from the fixed residue were tyrosine and 
leucine, the former to the amount of 2*3 to 3*5 pei^ cent.; and the suc- 

cessive crystalline deposits, obtained by progressively concentrating the solutions 
from which the leucine, &c., had been partially separated, were composed of amido- 
valeric and amido-butyric acids, together with two definite, cry stalli sable 
products belonging respectively to the types and viz. tyro- 

leucine, and a body represented by the formula C®H’^NO* ; the quantity 

of tyroleiieine obtained was about 60 or 70 grams from 10 kilograms of albumin. 
Tyroleucine is a white crystalline deposit of chalky aspect, nearly tasteless, soluble in 
about 20 pts. of water at IS*^. It melts and decomposes at 240°, breaking up into a 
whit© sublimate and a volatile oily base having an odour of radish and leaving an 
abundant yellow vitreous residue. The analysis of the chloroplatinate of this base 
gives it the formula of collidine, and that of the vitreous residue gives the 

formxila The decomposition of tyroleucine may therefore be regarded as 

proceeding thus — 

2C^H^'K02 ==. Ci4Hi8N202 4- 2WO 
2C^H^iN02 « CO* 4- 

whence it may he supposed that tyroleucine is a compound of amido-valeric acid with 
a body of the formula C®H"NO*, differing from tyrosine only by an atom of oxygen. 
This is rendered more probable by the fact that tyrosine, when heated under similar 
conditions, breaks up into CO* and a base, C®H^^NO, which differs from collidine only 
by an atom of oxygen. 

Among the homologues of leucine, amido-valeric and amido-butyric acids were 
met with in quantity, but amido-propionic acid in very small proportion oniv. 

The leuceines may be regarded as amido-acids of the acrylic, or of an isomeric 
series. They reduce ammoniacal silver nitrate on warming, and are attacked by 
bromine in the cold, yielding HBr, and an acid having the formula C"H*“-^KO*. 

Both leucines and leuceines seem to be frequently produced by the splitting up on 
crystallisation of bodies of the formula C“H*‘"N*0‘‘ (m=10 or 12). These bodies 
have a sweet taste, and are thence called by Schiitzenberger glucoprotei’ns ; they 
crystallise less easily than the leucines, especially the lower terms ; they are very 
soluble in water, but almost insoluble in cold absolute alcohol ; alcohol of 90 per 
cent, however dissolves them with ease. 

Another substance resulting from the decomposition of albumin, which is produced 
in considerable quantity, is a yellow viscous body obtained by precipitating certain 
mother-liquors from which leucines have been crystallised by ether. Dried at 120°, 
it is converted into a transparent amorphous mass, which on analysis gives numbers 
comprised between the formula CWNO* and C^H’NO*, very often sensibly approxi- 
mating to ; it appears in fact to be constituted in great part of butyric 

leucine with an admixture of some superior homologue. 

The longer the action of baryta on albumin is continued, and the more concen- 
trated the solution, the greater is the proportion of leucines and leuceines formed, 
whilst under the contrary conditions, the intermediate bodies, or glu coproteins, con- 
stitute the bulk of the fixed residue, representing the initial terms of the hydration of 
albumin; under all circumstances caproic leucine and tyrosine appear to be the 
ultimate terms of the decomposition. 

The mechanism of the reaction would therefore appear to admit of the following 
expiration. The albuminoid molecule losing ammonia and carbon as carbonic, 
0 ^ 110 , and acetic acids, and assimilating water, is converted into a comparatively 
glucop^teins, containing as its principal term 

\j H iN U : by the prolonged action of baryta and a high temperature, these glueo- 
proteins split up partly into leucines and leuceines, and partly into double compounds 
formed by the union of glucoproteins and leuceines -with the leucines. 
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Sdiiitzenberger regards albumin as an imido-derivative, wliicb by hydration is 
changed into a mixture of amido-derivatives. 

On the reaction of Proteids with Bromine, see W. Knop {CJiem. Centr. 1875, 395, 
411, 426; Jahresb.f. Chem. 1875, 810). 

Digestion of Droteids, — All proteids hitherto examined may be resolved by the 
action of acid gastric juice (pepsin and hydrochloric acid) into two bodies or groups 
of bodies. On the one hand, there are formed the known decomposition-produets 
of proteids, viz., the soluble peptones, acid-albumins, &e., while, on the other, a sharply 
defined portion remains undigestible. This latter appears to contain, together with 
nitrogen and phosphorus, a compound nearly related to nuclein (A. Stutzer, Ber, 
xiii. 251). * 

Action of AlJccddids on Proteids. — According to M. J. Eossbaeh {N. Bep. Pliarm. 
xxii. 512), the proteids contained in the various tissues of the body and in the proto- 
plasm, lose their affinity for ozone under the influence of alkaloids at 80^-40°, and at 
higher temperatures, but below that at which ordinary albumin coagulates they are 
precipitated in combination with the alkaloids. These reactions are subject to 
numerous variations according to the particular proteids and alkaloids concerned in 
them. The combination of ozone with hcBinoglohin is strengthened by alkaloids, and 
its transference therefrom to other bodies more or less prevented. The diminution of 
oxidability of the protoplasm by alkaloids is therefore determined by the alteration 
of the proteids, and the increased stability of the combination of ozone with haemo- 
globin. 

Compounds with Cupric Oxide. — Compounds of legumin, conglutin, and gluten- 
casein with cupric oxide have been prepared by H. Ritthausen iff. pr. Chem, [2], v. 
215). These bodies are precipitated by solution of cupric sulphate from nearly all 
liquids containing proteids, provided that the acids or alkalis used to hold the proteids 
in solution are present only in slight excess. The three modifications of plant-casein 
just mentioned react very differently with cupric solutions. Legumin in combination 
with cupric oxide not only remains unaltered, but shows little inclination to dissolve 
in water"; conglutin suffers partial decomposition, attended with elimination of 
ammonia, and becomes somewhat soluble in water ; gluten-casein is but very slightly 
altered, but dissolves in water in considerable quantity. These observations have 
been extended by Ritthausen a. Pott {J. pr. Chem. [2], vii. 361) to the compounds of 
cupric oxide vrith milk-casein and with the proteids which are soluble in alcohol and 
water. These compounds dissolve in cold dilute potash-ley and are precipitated 
unaltered on neutralisation. The quantity of cupric oxide which a proteid can take 
up, with formation of a soluble compound, is distinctly limited, and of various amount 
for different proteids. The compounds in question are well adapted for the quantitative 
estimation of proteids. According to Stutzer {Per. xiii. 251), the method of precipita- 
tion with cupric salts may be advantageously applied to the separation of proteids 
from other nitrogen-compounds occurring in plants, e.g. amygdalin, solanine, leucine, 
tyrosine, asparagine, alkaloids, thiocarbamides, nitrates, ammonia-salts. 

Optical and Chemical Characters of certain Protdds, especially of Dialysed 
Albumins. — The following observations have been made by H. Haas {Chem. Centr, 
1876, 295, 811, 824). (1). Egg-albumin and serum-albumin cannot be freed by 

dialysis from the whole of their inorganic salts, the dry albumin obtained from the 
dialysed solutions yielding on the average 1 per cent, of ash. (2). Albumin-solutions 
freed from salts as completely as possible, exhibit, on boiling, or on addition of alcohol, 
at least a strong opalescence, and in most cases strong turbidity and even precipitation. 
The alteration thus exhibited by albumin in presence of only small quantities of salts 
is the same as that exhibited by natural solutions of albumin, although the two 
liqmds may differ in external appearance ; the change which takes place in a solution 
of albumin, freed as far as possible from salts, must, therefore, also be regarded as 
coagulation. (3). The flocculent precipitation of albumin by hydrochloric acid or an 
acid phosphate is mainly dependent on the quantitative relation between the albumin 
and the precipitant, and is altogether independent of the concentration of the solution. 
The precipitation of albumin by acids in the form of flocks may therefore be regarded 
as a chemical process, whereas its precipitation by salts depends upon the proportion 
of water present, and must be looked upon as a physical change. (4). The albumin 
at the end of the dialysis often exhibits an acid reaction, even when an excess of 
alkali or alkaline carbonate was before present, but it is not yet determined whether 
the acid reaction belongs to the albumin itself or is determined by the presence of 
foreign substances. From his own experiments, Haas inclines to the view that the 
reaction of pure albnmin-solntions is neutral. (5). Ti[ie specific rotatory power of 
egg-albumin is —38*08° ; that of serum-albumin was found in two experiments to be 
— 62°, in a third — 55*75° ; that of fbrinog&iv-substance., prepared from an ascitic fluid. 

5 Qp 2 
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•was —5Q'7o^; that of sodium albuminate —55°. (6). The specific rotatory power 

of natural albumin- solutions is not altered by the salts which they contain, no matter 
in what quantity these salts may be present. 

Cmipanson between Animal and, Vegetable Proteids . — The following analyses of 
albumin, casein, and fibrin of animal and vegetable origin, agreeing nearly with those 
of other chemists (i. 67, 8U ; ii. 640 ; vi. 975), have been made by A. Brittner (iV. 
Pep. PharTn. xxi.'66-108 and 129-150) : 


C H N 0 S 


Egg-albumin . 



. 54*00 

16-55 

6*99 

22-82 

1*63 

Blood-albumin 



, 53*50 

15-60 

7*14 

22-46 

1*30 

Plant -albumin 



. 54-98 

15-84 

7*31 

20-65 

1*22 

Blood-fibrin . 



. 52*40 

18*07 

7*03 

21-29 

1-22 

Plant-fibrin , 



. 53*82 

16*04 

7*30 

21*80 

1-04 

Animal-casein 



. 54-67 

15*78 

7*46 

22-97 

1*12 

Plant-casein . 

. 


. 53*94 

16*47 

7*16 

21*93 

0-50 


From these numbers it is inferred that the proteids of the animal organism are 
merely modifications of those previously formed in the plant. 

"With regard to the properties characteristic of the members of these several 
groups, Brittner makes the following remarks : Blood-fibrin and plant-fibrin react in 
exactly the same manner as egg-, blood-, and plant-albumin, "with strong hydrochloric 
and strong nitric acid at the boiling heat ; ■with aqueous solution of iodine ; with a 
mixture of sugar and dilute sulphuric acid on heating ; with alkaline sol'ution of 
cupric sulphate ; and with IMillon's reagent (vi. 970, footnote). Solutions of casein 
and legumin are precipitated, like solutions of albumin, by alcohol, tannic acids, 
mineral acids, and metallic salts, — also by organic acids, which is not the case with 
albumin. Casein dissolves both in alkaline liquids and in very dilute acids, but not 
in water. 

Comparative observations on proteids of animal and vegetable origin have also 
been made by Th. Weyl (PflicgePs Archiv. f. Phgsiologie, xii. 635 ; Zeitschr. physiol. 
Chemkj i. 72). 

Yitellin, from egg-yolk dissolved in dilute aqueous sodium chloride, coagulates 
at 75° if the solution is neutral; on gradually raising the temperature, partial 
coagulation -takes place at 70°, but if the heat be quickly increased, coagulation does 
not commence below 80°. A body resembling vitellin in all known reactions was 
found in human amniotic liquor in a case of disease. Vitellin dissolved in solution of 
common salt and precipitated by water is easily converted, on prolonged immersion 
in water, into an "albuminate (casein) ; it is then insoluble in solution of sodium 
chloride, but dissolves in a 1 per cent, solution of sodium carbonate. Eecently pre- 
pared vitellin, dissolved in a 1 per cent, solution of sodium carbonate, is but slowly 
precipitated by water alone, but on passing carbon dioxide into the solution, an 
abundant precipitation takes place. On adding a drop of sodium carbonate solution 
to water in which vitellin is suspended, the liquid immediately becomes clear, but soon 
again turbid, and clarifies itself on repeated addition of the alkaline carbonate, becom- 
ing turbid again soon after. This effect may be repeated three or four times in the 
same liquid, and appears to be peculiar to globulins dissolved in a 1 per cent, solution 
of sodium carbonate and reprecipitated by carbonic acid. Myosin from borse-fiesh, 
dissolved in a 10 per cent, solution of sodium carbonate, coagulates at 55°-60°, and 
is converted by prolonged contact with water into albuminate, and then becomes 
insoluble in dilute solution of common salt : it is not so easily precipitated by water 
as vitellin. Weyl has never been able to detect it in albuminous urine. Serum - 
globulin, prepared from the serum of ox-blood by diluting with water, neutralising 
with acetic acid, and passing carbon dioxide into the liquid, dissolves in a 10 per cent, 
solution of sodium chloride, and is precipitated therefrom by water or by saturation 
with sodium chloride, incompletely, however, in the latter case. The neutral solution 
coagulates at 75°. S e r u m-g lobulinis converted by prolonged contact with water into 
albuminate ; after drying in a vacuum over sulphuric acid, it may be heated gradually 
up to 100° without alteration of its properties. Serum- casein, prepared according 
to Kiihne’s directions, agrees in all its reactions with Kiihne’s globulin. Since now 
paraglobulin (fibrinoplastie substance) differs from Kiihne’s globulin only by the 
admixture of the fibrin-ferment, and' as, moreover, no diiference has hitherto been 
made out between globulin and serum-casein, it follows that blood-serum contains 
only one globulin-substance, namely, serum-globulin. 

The existence of vegetable proteids soluble in water, like egg-albumin, has not 
hitherto been demonstrated. Plant-globulins exhibit the same reactions as animal 
globiilins and animal proteids in general. Plant-vitellin, extracted by common salt 
solution from the seeds of oats, maize, peas, white mustard, and Para nuts, agrees in 
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all its reactions with vitellin from egg-yolk. The proteids of the Para mit contain 
membraneless crystals consisting of vitellin, reacting like animal yitellin, and melting 
at 75®. The membrane of the crystals, which forms only after prolonged contact 
with water, is a precipitated membrane. The vitellin-crystals are doubly refractive. 
The ash of viteilin consists mainly of phosphates mechanically mixed with the 
organic substance. Elementary analysis gave for the pure viteilin, 52*43 per cent. C., 
7*12 H., 18*1 K., 0*55 S. The viteilin analysed was free from nuclein and lecithin, 
and may therefore be regarded as the purest globulin-substance yet known. The 
seeds of wheat, peas, oats, white mustard, and sweet almonds contain also a second 
proteid, viz. plant-myosin, which exhibits all the reactions of the myosin of non- 
striated muscles (hi. 1066), and coagulates at 55®-60°. Fresh seeds contain no 
proteids of the casein-group (albuminate). All the substances hitherto designated as 
plant-casein are artihcial products, or have been formed in the seeds by secondary 
processes, having nothing to do with the natural development of the plant. In contact 
with water, acids, or*alkalis, all globulins, animal or vegetable, are probably converted 
first into albuminates, afterwards into coagulated proteids. 

Eitthausen {Chem. Centr. 1877, 567, 586) criticises these results, and likewise 
controverts the views of Hoppe-Seyler, who, in his " Physiologische Chemie ’ (I. Theil, 
s. 75) regards the proteids contained in buds, young shoots, and seeds as globulin- 
substances, and expresses the opinion that Eitthausen’s statements respecting the 
vegetable proteids are founded on the analysis, not of pure unaltered proteids, but of 
substances more or less decomposed and imperfectly purified. Eitthausen, on the 
other hand, defends his method of preparing vegetable proteids, and on the ground of 
numerous elementary analyses, regards vegetable proteids as different from those of 
animal origin. 

Transformation of Proteids in the Bodies of Buminants, — Experiments on goats 
by Stohmann, Friihling a. Eost {Landw. V‘e7's.~St. xii. 396), have led to the following 
results : 1. The total quantity of albumin decomposed in the body appears as oxida- 
tion-products in the liquid and solid excrements. 2. The transformation of albuminous 
matter is dependent on the quantity of albumin contained in the circulation. 3. The 
transformation of nitrogenous matter is accelerated by an increase in the quantity of 
water imbibed. 4. The excretion of nitrogen quickly adapts itself to an increase oi 
nitrogen in the food. 5. With an insufficiency of albumin in the food, the body 
becomes poorer in albumin. 6. Considerable increase in weight takes place when, 
together with a sufficiency of albumin, large quantities of non-nitrogenous matters 
are given. These experiments show that, with regard to the transformation of 
albuminous matters in the organism, no difference exists between carnivorous and 
herbivorous animals, excepting that, in theTatter, part of the nitrogen leaves the body 
in the form of hippuric acid. 

Albumin. Beaction with Potassium Hydroxide, — ^ICuhne, by fusing albumin 
with potash, obtained a body which he regarded as an isomeride of indole, and de- 
signated as pseudo-indole ; and a similar result was obtained by Engler a. Janecke 
(p. 1089). According to Nencki, however (J". pr. Chem. [2], xvii. 97), the product 
thus obtained is not a single substance, but a mixture of indole with a body called 
skatole (q.v.), obtained also from excrements. Eencki also finds that when fused 
potash acts on albumin, leucine and tyrosine are formed, in addition to peptones, and 
that, by further action, volatile fatty acids, especially valeric acid, are produced, with 
evolution of hydrogen, indole and skatole being formed at the same time. If the 
fusion is continued for a long time, the amount of peptone-like bodies decreases, and 
the leucine and valeric acid are gradually converted into butyric acid. The tyrosine 
is perfectly decomposed, and phenol appears instead. The latter body is probably 
formed from the tyrosine, since whenever phenol is produced, whether by putrefaction 
or by the action of potash, tyrosine is wanting, and vice versa. 

On the reactions of Albumin with baryta- water, see p. 1681 ; with chloral, p. 439. 

Oxidation. — By oxidation with ammonium permanganate albumin is converted 
into carhamic acid (p. 382). 

Beaction with Cyanogen. — Experiments by 0. Loew {J. pr. Chem. [2], xvi. 60) on 
the action of cyanogen on albumin, have led to the following results: (1). Cyanogen 
is directly taken up by albumin, with simultaneous formation of water. (2). The 
resulting addition-product, when treated with alkalis, gives up the water and part of 
the cyanogen, yielding peculiar non-nitrogenised bodies. (3). An atomic group of 
small molecular weight separates from the albumin, taking up at the same time a 
relatively large quantity of cyanogen and water {oxamdidin). 

Coagidation. — Mathieu a. IJrbain {Compt. rend. Ixxvii. 706), by exhausting white 
of egg with the mercury-pnmp, obtained considerable quantities of carbon dioxide 
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together with small quantities of oxygen and nitrogen. They consider that carbon 
dioxide is the agent which brings about the coagulation of the egg-white on heating, 
and that coagulated egg-white is a compound of protein-substance with carbon 
dioxide, mixed with compounds, formed on coagulation, of the protein substance with 
salts contained in the egg-white. Albumin, exhausted by the mercury-pump of its 
carbon dioxide and wolatiie salts (ammonium carbonate and sulphide), reacts like 
globulin, which indeed appears to be the proteid from which the other bodies of the 
class are formed by addition of small quantities of various substances. 

Gautier, on the other hand {Bwlt Soo. Ckim. [2], xxii. 51), found that dilute solu- 
tions of egg-albumin throngh which a stream of hydrogen was passed for several days 
still remained eoagulable by heat (Urbain, ibid. 484, doubts whether this treatment 
would remove the whole of the carbon dioxide) ; and he further observes that white 
of egg dried at a low temperature loses the property of coagulating by heat, but 
recovers it when carbon dioxide is passed through the solution. 

Begeneration of Spoilt Albumin in Brint-worlcs. In the proce'ss of calico-printing, 
the cloth soaked in a solution of albumin, and then printed with the dye-stuff, is 
finally exposed to the action of steam, whereby the albumin is coagulated and the 
dye-stuff fixed. The success of this process, however, requires that the albumin shall 
be quite fresh and unspoiled, so that a perfect solution of it may he made before the 
cloth is steeped in it. Albumin which has become insoluble may indeed be rendered 
soluble again by the action of alkalis or alkaline carbonates, but at the same time 
it loses the property of coagulating in the steam-bath, which is indispensable to its 
use in printing. J. Wagner, however, finds that 350-400 grams of spoilt albumin, 
placed in contact with So grams of cold-washed rennet, suspended in a litre of water 
to which 10 grams of concentrated hydrochloric acid have been added, passes into 
solution at a temperature of C., and that this liquid, if filtered after standing for 
twenty-five to thirty hours and neutralised with ammonia, possesses, like the aqueous 
solution of fresh albumin, the property of coagulating on the steam-bath, and fulfils 
all technical requirements. According to Witz, pig’s stomach acts in this way still 
more energetically than rennet. It is remarkable that albumin thus dissolved in 
pepsin is not coagulated by acetic acid. Wagner a. Witz also propose to utilise this 
action of pepsin for freeing spoiled printed goods from the colouring matter fixed on 
them by coagulated albumin. Blood-fibrin may also be dissolved by means of this 
reagent more readily than by hydrochloric acid, which, as observed by Bouchardat, 
is capable by itself of dissolving fibrin (Wagner a. Witz, Bingl. pol, J. ccxix. 166). 

Detection and Estimation of Albumin . — To detect albumin in urine, L. Siebold 
{Zeitschr. anal. Chemi. 1874, 248) mixes the liquid with potash to slight alkaline 
reaction, filters, acidulates the filtrate with acetic acid, and heats a portion of it to 
boiling. If the heated liquid be now compared with a cold portion contained in 
another tube, the slightest turbidity in the former will be easily detected. A. Hilger 
{Arch. Dharm. [3], vi. 388) has compared the several methods proposed fur the detec- 
tion of albumin in urine, and gives the preference to Boedeker’s method, which C(m- 
sists in precipitating the albumin in acetic acid solution with potassium ferrucyanicle, 
observing however that the nitric acid test and the coagulation test with acetic acid 
are also worthy of notice. 

Bor quantitative estimation, Girgensohn {JSf. Bepert, Dhwrm. xxii. 557) mixes the 
solution containing the albumin with half its volume of a 20 per cent, solution of 
common salt ; adds tannin in slight excess ; collects the precipitate on a weighed 
filter ; washes it with water till free from salt, and then with boiling alcohol, till no 
more tannin can be detected in the filtrate : the precipitate then consists of pure 
albumin. In estimating albumin in urine by this method, uric acid must first be 
removed by adding acetic acid and leaving the liquid in the cold. 

All prote'ids contained in albuminous urine are precipitated by tannin added in 
slight excess, and the precipitate when treated with boiling alcohol gives up the 
whole of the tannin. The albumin in the urine of nephritic patients differs from that 
which occurs in accidental albuminuria, in the proportion in which it combines with 
tannin, the former taking up 37 and the latter 28 per cent, of that substance. The 
albumin of eggs, of serum, and of pathological secretions in general combines with 
28 per cent, of tannin. 

On Bomhardfis method of estimating albumin in solution by the difference of 
density of the liquid before and after the precipitation of the albumin, see Zeitschr. 
anal. Chem, 1870, 149; 1877, 124; Jahresb.f Chem. 1870, 1056 ; 1877. 1088. 

Trinit r ovalbumin, is prepared by thoroughly triturating 

finely-pulverised and well-dried albumin in a cooled capacious mortar with 14-16 
times its weight of hydrogen nitrate, hlO^II, perfectly freed from nitrous acid, or by 
briskly agitating it therewith in a cooled bottle, and after ten to fifteen minutes 
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qnickly mixing the resulting gelatinous mass ■with a large quantity of water, where- 
upon the insoluble light-yellow tasteless trinitro-compound separates out. If the 
gelatinous mass be left to itself for several hours at a temperature belo'W 10°, a small 
quantity of nitrogen tetroxide is given off, and a solution is formed, which, when 
diluted with water, deposits a dark yellow tasteless hydroxytrinitroaibumin, 
C^^H'‘>0(NO2)3N>s(OH)*(SO2,OH)O2h 

Trinitro-albumin dissolves without alteration in dilute alkalis, forming a reddish- 
yellow solution, from which it is precipitated in yellow flocks on addition of an acid. 
Its solution in strong hydrochloric acid may be boiled for a considerable time without 
sensible decomposition. Its solution in strong sulphuric acid, heated for some time 
and then mixed with water, yields a precipitate richer in sulphnr than the original 
compound. Hydroxytrinitroaibumin exhibits similar reactions (0. Loew, J. Climi. 
[2], V. 433). 

On Hexnitro- and Hexamido-albumin-sulphonic acids, see vol. vii. p. 645. 

Compounds of ^humin with Adds and Alkalis. — ^Acid compounds of albumin are 
formed by pouring a solution of white of egg into a parchment-paper dialyser, and 
leaving it for twenty-four hours in contact with a dilute acid — e.g. nitric, hydrochloric, 
sulphuric, orthophosphoric, metaphosphoric, citric, oxalic, acetic, or tartaric acid, 
contained in an outer vessel. Most of these compounds are gelatinous. For a quantity 
of albumin represented by Lieberkuhn’s formula, the compounds con- 

tain 2 mols. nitric, 2 mols. hydrochloric, 1 mol. sulphuric, f mol. phosphoric acid. 
They are all precipitated by nitric, sulphuric, hydrochloric, metaphosphoric, and 
picric acid ; some also by potassium ferrocyanide, ammonium chloride, basic lead 
acetate, mercuric chloride, barium chloride, silver nitrate, alcohol, phenol, and tannin 
(Gr. S. Johnson, Chem. Soc. J. xxvii. 734). 

J.Soyka {Ffliiger's Archiv. xii. 347) finds, from comparative experiments on acid- 
albumin and alkali-albuminate (vi. 972), that these bodies exactly resemble 
one another in their reactions, and that the hitherto assumed difference in their pre- 
cipitability by acids in presence of an alkaline phosphate has no existence. An 
alkaline solution either of albuminate or of acid-albumin containing phosphate may 
be mixed with an acid till acid reaction becomes apparent, without formation of a 
precipitate. At the limit of precipitability, the still transparent solutions exhibit an 
amphoteric reaction and contain 9 mols. acid phosphate, (MH-PO'*), to 1 mol. normal 
phosphate, (M-HPO‘‘) ; if the relative quantity of the acid phosphate is further 
increased, precipitation takes place. Soyka proposes to retain the names albuminate 
and acid-albumin, and to designate as protein the body which, in combination with 
acids, forms acid-albumin, and in combination with a base, albuminate. He considers 
that, in spite of the concordant reactions of the two, there is no ground for the 
assumption that acid -albumin and albuminate are identical in composition and con- 
stitution. Even if albuminate and acid-albumin prepared from albumin exhibit no 
differences in their precipitates, such differences become apparent when these precipi- 
tates are compared with those of syntonin and albuminate which have been prepared 
from flesh. Whether these differences arise from a diversity in the proteins of these 
substances, or are due to admixtures, is a point which cannot yet be decided, as 
neither the elementary analyses nor the decomposition observed by ISfasse (-vii. 1023) 
afford any satisfactory evidence relating to it. Soyka refers the acid-albumins and 
albuminates to one and the same albuminoid -group (both as above-mentioned contain- 
ing protein united in the one case with an acid, in the other with a base), and divides 
the soluble proteids into three groups : albumins^ proteins, and glohidins. 

According to Heynsius {Arch, neerl. x. 1), the alkali-albuminates differ from one 
another according to the concentration of the alkali used in their preparation ; para- 
globulin is identical -with the albuminate obtained with weak alkali. The acid- 
albumins also differ from one another according to the concentration of the acid used 
in preparing them. 

All albuminates when dissolved in excess of glacial acetic acid, and treated with 
strong sulphuric acid, exhibit a splendid violet colour and faint fluorescence, and if 
sufficiently concentrated, an absorption in the spectrum, which, like that of urobilin 
and the red oxidation-product of bile-pigment (choletelin) lies between the lines B 
and F. Bodies not chemically related to the albuminates do not exhibit this reaction. 
Peptones (p. 1688) exhibit it, and must therefore be classed -mth the albuminates 
(Adam Kie'wicz, Ber. viii. 161). 

Bar albumin. — This variety of albumin, which Scherer obtained from an ovarian 
cyst (i. 68), exhibits, according to Huppert {Zeitschr. anal. Chem. x-vi. 24 8) the following 
characteristic reactions : (1). It does not separate on boiling from a solution to which 
acetic acid has been added, differing therein from serum-albumin, which by proper 
regulation of the quantity of acetic acid, may be completely separated on boiling in 
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large 'flalses, the liquid becoming quite clear; a solution of paralbumin similarly 
treated always remains milky whatever may be the quantity of acetic acid add^ed. 

(2) . "WTien a liquid containing paralbumin is digested for some time in a water *bath 
with hydrochloric acid of 0*1 per cent., sugar is produced. Paralbumin is not peculiar 
to ovarian cysts, bnt occurs also in other cysts, and in the liquid of ascites. 

Casein. The identity of casein with potassium albuminate, on which doubts 
have been thrown (vi. 973), is confirmed by the following facts : (1). Both casein 
from milk and artificially prepared potassium albuminate are precipitated from 
alkaline solutions by rennet. (2). Neither of them is precipitated by sodium carbonate. 

(3) . The filtra-tion of the two bodies through cells of porous earthenwmre is influenced 
by the same circumstances. (4), Both are decomposed by alkaline hydroxides under 
otherwise similar circumstances, with formation of a sulphide of alkali-metal. (5). The 
differences observed in the optical rotatory power of the two are not sufficient to show 
that they are distinct bodies (Soxhlet, J. pr. Chem. [2], vi. 1). 

According to B^champ rend. Ixxviii. 1575), casein is decomposed at 140°, 

part becoming soluble in alkalis, the other not; a small portion of the latter, however, 
dissolves in acetic acid. A solution of casein in acetic acid yields, on evaporation in 
a vacuum, an inodorous horny mass having a sour taste. 100 pts. of casein take up 
33 T acetic acid. Butyric acid likewise unites easily with casein. 

Conversion of Casein into Albumin. — The addition of a drop of mustard-oil to 
20 grams of cow’s milk prevents the coagulation of the milk, and after five to seven 
weeks, the^ casein is found to be converted into albumin, the liquid having a strong 
acid reaction. This transformation of casein appears to be a process of oxidation. 
If the milk treated with mustard-oil be poured into an earthenware cell standing in a 
solution of permanganate, considerable quantities of albumin are formed in a few 
days (Schwalbe, Ber. v. 286). 

On the Separation of Casein from Milk by Dialysis, see Milk (p. 1326). On the 
Morphology of Milk-casein, see F. A. Kehrer (Arch.f. Cyndhologie, ii. 1 ; Jahresh. f. 
Chem. 1874, 931). v ./ •/ . 


Fibrin. According to J. Goodman {Bep. Br, Assoc. 1871, 72), egg-albumin in 
contact with water is converted in a short time into fibrin ; compare Smee (ii. 639). 
On the other hand, albumin may be produced by decomposition of fibrin. When 
blood-fi-brin is dissolved in salt water, the liquid, mixed with a trace of prussic acid, 
to prevent putrefaction, and subjected to dialysis till the salt is almost completely 
removed, the solution thus freed from salt is found to contain two proteids, evidently 
resulting from the decomposition of the fibrin, one coagulable by heat, precipitated 
by mineral acids and mercuric chloride, and exhibiting the percentage composition of 
albumin, while the other is not coagulated by heat and yields an a&"h rich in calcium 
phosphate and magnesia (Gautier, Cornet, rend. Ixxix. 227). 

Iron in Fibrm. — The proportion of iron in the fibrin, blood-corpuscles, and albumin 
obtained from the blood of a half-fatted cow has been determined by Boussingault 
{Arch. Bharm. [3], iii. 526). The amounts per cent, in the air-dried substances were 
found to be : 


Ash Iron 

Fibrin 2*151 0*0466 

Corpuscles 1-325 0'3500 

Albumin 8*715 0*0863 


BancreaUc Digestion. —The products of the pancreatic digestion of fibrin yield a 
distillate exhibiting the reactions of indole (Nencki, Ber. \di. 1593). Other proteids 
similarly treated likewise yield indole (p. 1089), 

On the Coagulation of Fibrin, see A. Scbmidt {Compt. rend. Ixxxiv. 78, 112* 
Chem. 8oc. J. xxxi. 483, 726), and 0. Hammarsten (FJiuger’s Archiv. f. Bhvsioloaie 
xiv. 211-273 ; Chem. 8oe. J. xxxi. 726). ^ .V 

On Myosin, see p. 1684. 


Feptones. The preparation and reactions of these bodies have been studied by 
E. Maly {Liebifs Annalen, clxxv. 178). To prepare them, purified dry fibrin, after 
maceration in dilute hydrochloric acid, is digested for two or three days with pepsin, 
and the resulting solution is neutralised with sodium carbonate, boiled, filtered, and 
evaporated. It is then subjected to prolonged dialysis to remove chlorides, and the 
peptone-solution removed from the dialyser is filtered, if necessary, concentrated and 
fractionally precipitated with alcohol. 

This peptone solution gives with acetic acid and potassium ferrocyanide a precipi- 
tate which dissolves in hydrochloric and in nitric acids— a reaction likewise exhibited 
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by protei'ds in their original state. As the mean of several analyses of various pep- 
tone-preparations, Maly found 51 AO per cent. C., 6*95 H., and 17*31 N. He regards 
peptone, not as a mixture of decomposition-products of protei'ds, but as a distinct and 
independent substance, differing but little in elementary composition from the proteid 
from •which it is produced. 

To determine the nutritive value of peptone, respecting which opinions have 
hitherto been much divided, Maly made experiments on pigeons "OTth peptone prepared 
from blood-hbrin in the manner above described, the quantity given being exactly 
equivalent to the albumin in the food previously supplied to the birds. These ex- 
periments led to the conclusion that peptone is still an unresolved protein-molecule, 
capable of replacing albumin, useful and available for the organism, and a product of 
digestion capable of reconstruction into albumin and assimilation by the organism. 

Peptones dissolved in glacial acetic acid, and treated with strong sulphuric acid, 
exhibit the same violet colour, fluorescence and absorption-spectrum as unaltered 
protei’ds, whereas bodies not related to the prote’ids do not exhibit these appearances. 
Hence it follows th^t all peptones stand to the proteids in a closer relation than the 
products of decomposition of those bodies, such as leucine, tyrosine, &c. (Adam- 
kiewicz, Ser, viii. 161). 

According to Huppert (Her. vi. 1279), the so-called ‘peptone,’ obtained by pan- 
creatic digestion of proteids, is a mixture of leucine, tyrosine, and at least two other 
substances as far removed from the prote’ids as the two just mentioned. 

Detection in Urine, — To detect peptones in albuminous urine, Senator [Zeitschr. 
and. Chem. vii. 474) removes the albumin in the ordinary way, by heating with or 
without addition of acetic acid, and mixes the filtrate with three times its bulk of 
alcohol, whereby the peptone is thrown down in the form of a yellow precipitate which 
is insoluble in alcohol but soluble in water, and is coloured yellow by nitric acid. 


A'jpjpendia: to Drote'ids. 

Crelatiiious Substances. From experiments by Schiitzenberger a. Bourgeois 
{Coiw^t. rend. Ixxxii. 262), it appears that when isinglass, ossein, gelatin, and chon- 
drin are decomposed by the method applied by Schiitzenberger to proteids (p. 1681), 
they likewise yield ammonia, carbon dioxide, and oxalic acid, in such proportions as 
to show that they consist of urea and oxamide. The analysis of the mixture of amido- 
compounds thus produced shows that the mode of decomposition is nearly the same 
for isinglass, ossein, and glue, but somewhat different for ehondrin. For the first 
three bodies it may be represented by the equation : 

Qr82i24j^24029 + isH^O = C-H“0^ + 00“ + 0*5C”H‘*O= + 4lvrH3 -i- 

Gelatin. Oxalic Acetic Mixture'of 

acid. acid. amides. 

The mixture of amides is composed as follows : 

C72Hi‘H]S'20Oi0 = 6 C=HsN 02 + 2C3H'N02 + 2C^H°br02 
Glycocine. Alanine. Amidobutyric 

acid. 

+ 6C^H"N02 -1- 2C5H»N02 + 2C«H”]Sr02 
Amido- compounds of the acrylic series. 

For ehondrin the mode of decomposition is : 

(;j99g;i56]!;j-24043 + ISH^O 

= + GO- 1*5C2H^02 + 4NH3 ^ 

Mixture of 
amides. 

Gelatin boiled with dilute sulphuric acid yields, according to Gaehtgens {Zeitschr. 
physiol. Chem. i. 299), aspartic and glutamic acids in small quantity, a compomad 
crystallising in prisms, and two substances agreeing nearly in composition 
with alanine and amidobutyric acid respectively. Gaehtgens thinks it probable that 
the compound may be resolvable by repeated crystallisation into C^H'NO^ 

and v i n v i .* 

According to Bizio {Casz. chim. ital. 1876, 255), a slightly alkaline solution of 

gelatin reduces mercuric chloride and oxide, with separation of metallic s'llver. 

NtUritive vahie of Celatigemus Tissues, From experiments by J. Etzinger 
{U. Bejp. Tharm. xxiii. 535) it appears that bones, cartilage, and tendons, by virtue of 
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the gelatinous substance contained in them, play an important part in animal nutrition. 
Tendons are the most readily digested ; bones pass so rapidly through the alimentary 
canal, that only a small portion of their organic substance is absorbed during the 
passage. As gelatigenous tissues contain but a small proportion of albumin, their 
nutritive value must be proportional to the quantity of gelatin 'w^hieh can be obtained 
from them ; they are capable of saving a large quantity of albumin, which would be 
decomposed in their absence. 

■ C. Voit [Zcihchr.f. Biologic, viii. 2971 finds, by feeding experiments on animals, 
that gelatin is not cap:i,ble of entirely replacing albumin in nutrition. In the animal 
body a distinction must be made between circulating albumin and organic albumin. 
The former is subject to rapid decomposition; the latter is not decomposed as such, 
hut is converted into circulating albumin only when the food does not contain a 
quantity of albumin sufficient to cover the loss of circulating albumin. If ^ the food 
contains an excess of albumin, that excess is stored up as organic albumin. Kow 
gelatin can never yield organic albumin, but it may replace the circulating albumin 
in so far as it prevents the conversion of organic into circulating albumin. In a large 
dog, 168 pts. of gelatin were found to he capable of replacing 84 pts. of albumin in 
the food. Gelatin also diminishes the waste of fat in the body, 200 pts. of gelatin 
acting in the same way as 74 pts. of fat. 


PROTOCiiTBCHVZC ACZB, or [1:3:4] BIHYDROXYBEaSiTZOIC 

OH 

ACXB, = COOH< ^" ^ OH. On the formation and constitution of this 

acid, see vii. 431, 932, 1023 ; viii. 289. On its formation from Narcotine-derivatives, 
viii. 1384. It is also produced by the action of melting potash on iodoparahydroxy- 
henzaldehyde, C®H®I(OH)(CHO) (Tiemann a. Herzfeld, Ber. x. 213), on Peruvian 
guaiac-resin (p. 899), and on angelica-resin (0. Brimmer, N. Bep. Bharm. xxiv. 641). 

Action of iBitrous gas. — When this gas is passed into an ethereal solution of 
protocatechuie acid, nitrogen dioxide and carbon dioxide are evolved, and a com- 
plicated reaction takes place, resulting in the formation of oxalic acid, carboxytartroriic 
acid, dinitrodihydroxyqninone, trinitrophenol, a-dinitrophenol, and nitrohydroxyhenzoic 
acid. On shaking up the ethereal solution with water, and adding sodium carbonate 
to the resulting aqueous solution, sodium carhuxytartronate, C'*H“Na20h separates 
out as a heavy white crystalline powder. When the filtrate from this precipitate is 
neutralised with sodium carbonate, glistening yellow scales of sodium dinitrodi- 
hydrozyquinone are deposited. The mother-liquor contained oxalic acid and a nitro- 
product which could not be isolated. 

Sodium oarhoxytartronate is decomposed by water (in which it is almost insoluble) 
at 60®, carbon dioxide being given off and sodium tartronate formed : 


OH.C(COONa)2(COOH) = OH.O(COONa)2H + COl 


The same change takes place when the dry sodium salt is heated at 100°. Car 
boxytartronic acid has not been isolated. 

Sodimn-dinitrodihydroxyquinone, + a strong metallic lustre, 

and the colour of brass. It dissolves freely in hot water, forming a brown solution. 
The free acid is very unstable ; it crystallises in long greenish-yellow needles, wdiich 
are freely soluble in water or alcohol, and but sparingly in ether. 

On evaporating the ethereal solution of the crude product of the action of 
nitrous gas on protocatechuie acid, a mixture of picric acid, a-dinitrophenol, and 
nitrohydroxyhenzoic acid is deposited. The mother-liquor contains picric and oxalic 
acids, and a small quantity of a nitro-product which dissolves in potash with a 
splendid purple coloration. 

The nitrohydroxyhenzoic acid was separated from a-dinitrophenol by recrystal- 
lisation from cold alcohol, in which the latter is sparingly soluble, and purified by 
recrystallisation from hot benzene, from which it is deposited on cooling, in compact 
yellow needles (m. p. 178^^), freely soluble in alcohol, ether, and hot water. The 
hydrochloride of the ainidokydroxyhenzoio acid, obtained by reduction of the nitro-acid 
with tin and hydrochloric acid, crystallises in slender needles. The sulphate forms 
microscopic crystals (Gruber, Ber. xii. 514). 
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Homologues of Peotocatechuic Acm and Allied Compounds (F. Tiemann, 

Ber. xi. 659). 

The eompOTinds containing the common group — C— . and therefore de- 

jSOv 

riTahie from protocatechnic acid, gQ^C®H*.CO.OH, may he arranged in four 
parallel series, viz. : 

1. The BrotocatcchuiG series pro]3er,t\iQ members of which contain in the side-chain 
a single carbon-atom — Q^. 

2. The a.-Homojprotoeafechuic series, the characteristic group of which is the side- 
chain — CF^ — Q— . 

3. The Hydrocaffeic series, the members of which contain in the side-chain the 
group — CH^ — CF^ — C^. 

4. The Caffeie series, containing in the side-chain the group — CH:=:CH — C~. 

The first of the two following tables (p. 1692) exhibits the constitution and melting 

points of the known acids of these protocatechnic series, from which it will be seen that 
the melting point of an acid in each homologous series is for the most part lower as the 
position of the acid in that series is higher ; and, on the other hand, that a gradual 
rise of melting point takes place on passing from the hydrocaffeic to the caffeic series. 
The second table shows the relations, in constitution and melting point, of the acids 
of the protocatechnic series proper to the corresponding aldehydes and alcohols, and 
to the phenols formed from the acids by conversion of the COOH-group into CH^. 

The letters m and p in these tables denote that the radicles to which they are 
attached are in the meia and positions with respect to the carboxyl-group. 

BXetliyl-protocatecliuic Acids s 

Vanillic acid .... C‘^H3(COOH)(OCH0(OH) 

Isovanillic acid .... C«H2(COOH)(OH)(OOH®) 
Veratrieacid .... 0“E3(C00H)(0Cff)(00F^) 

These acids have already been described (under Fioxtbenzoic Acids, pp. 289-292). 
The following additional observations on them have been recently published by 
K, U. Matsraoto {Ber. xi. 122). 

Isovanillic acid is best prepared by heating veratric acid (2 grams) for five 
hours at 160^-170° with dilute hydrochloric acid (75 c.c. of a mixture of 1 pt. hydro- 
chloric acid, sp. gr. 1*20, and 2 pts. water), and may be purified by boiling it with 
acetic acid, and pouring the product into water, whereupon acetisovanillin separates 
out, while veratric acid remains in solution. The acetyl-compound, boiled with dilute 
potash-solution, yields pure isovanillic acid. This acid crystallises in shining tran- 
sparent prisms, like those of vanillic acid, and melts at 250*^. It is soluble in alcohol 
and ether. Its aqueous solutions give no reaction with ferric chloride. The alkaline 
isovanillates are easily soluble in water, and those of barium, calcium, and magnesium 
are tolerably soluble salts, crystallising in needles. The lead salt is obtained as a 
difficultly soluble white crystalline precipitate ; the silver salt is also white, and is 
decomposed by light less rapidly than the vanillate. 

The following are the solubilities of the three methylated protocatechnic acids in 
water : 

Pts. of water, 
at 14° at lOQo 

1 pt. veratric acid . . . (m. p. 174°-175°) 2100-2150 160-165 

1 „ vanillic acid . . . ( „ 207°) 850- 860 39- 40 

1 „ isovanillic acid , • ( » 250°) 1650-1700 155-160 

The methyl and ethyl ethers of these acids were obtained by passing hydrochloric 
acid gas through a solution of the acid in the respective alcohols. 

Methyl Vanillate, C‘^E^(OCH^jOH.COOGH®, crystallises in shining white needles 
melting at 62°-63°. It boils at 285°-287°, and is not attacked by alkalis at the 
ordinary temperature. 

Methyl Veratrate, C®H®(OCH^)“.COOCH®, is difficultly soluble in water, easily in 
etber and alcohol, and crystallises from its alcoholic solution in white needles. It 
melts at 59°“60°, and boils at 300°, is odourless, and not attacked by ammonia or 
alkalis at the ordinary temperature. This ether may also be prepared by heating 
potassium hydrate, methyl iodide, and vanillic acid in sealed tubes. The product of 
the reaction is then shaken up with ether, and the ethereal solution treated with 
dilute solution of potassium hydrate to remove unaltered vanillic acid. 
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Mhyl Veratmie crystallises in colourless needles, soluble in alcohol and ether, 
melts at 43° -44°, and boils at 295°~296°. 

Methyl Nitroveratrate, C®H-(NO-)(OCH®)“CO^CB[®, prepared, like the ethyl-com- 
pound (p. 290), from nitroveratric acid, is sparingly soluble in water and cold alcohol, 
but dissolves easily in boiling alcohol and ether, and crystallises in needles melting 
at 143°-144°. 

Methyl Isonitroveratrate, produced by heating nitrovanillic acid with methyl iodide 
and potassium hydrate, dissolves sparingly in water, readily in alcohol and ether, and 
crystallises from dilute alcohol in hard shining needles melting at 127°- 128°. The 
difference in properties between this and the preceding ether shows that the position 
of the nitro-group in nitrovanillic acid is different from that which it occupies in 
nitroveratric acid. The last-described ether yields by saponification isonitro- 
veratric acid, C®H^(N02)(0CH^)-C00H, which crystallises in white anhydrous 
needles melting at 200°-202°. 

Ethyl Amidoveratrate, C^H2(NJE2)(OCH®)2CO“C“H® is produced by treating the 
corresponding nitrh-ether with tin and hydrochloric acid, and may be separated from 
the solution of its hydrochloride by dilute soda-ley or ammonia. It crystallises from 
dilute alcohol in small colourless needles melting at 88°-89°. 

Acetisova'nillic acid, C®.C00B[.H.0C-H®0.0CH^.H2, prepared, like aceto- 
vanillie acid (p, 290), by digesting isovanillie acid at 100°, and precipitating with 
water, crystallises from dilute alcohol in shining scales melting at 206°-207°, very 
slightly soluble in water, easily soluble in alcohol and ether. 

NitTo-acetisova7iillic acid, C®H®(N0“)(0.C-H30)m(0CH^)pC00H, prepared 
like nitro-acetovanillic acid (p. 290), crystallises in shining needles melting at 168°- 
169°, sparingly soluble in cold water, more freely in hot water, easily in alcohol 
and ether. ■ By boiling with alkalis, it is converted into nitroisovanillic acid, 
C®H'(NO“)(OH)m(OCH^)pCOOH, which crystallises from hot water in spherical groups 
of needles melting at 172°-173°, easily soluble in alcohol and ether. 

Bromoveratfic acid, C®H-Br(OCII®)-CO OH, first obtained, though not pure, 
by KoUe (vii. 432), may be prepared by adding bromine (rather more than 1 mol) to 
a hot aqueous solution of 1 mol. veratric acid. A red resin then separates, and from 
the liquid decanted therefrom the brominated acid crystallises in colourless needles 
melting at 183°-184°, It is nearly insoluble in cold water, slightly soluble in hot 
water, easily in alcohol and ether. By fusion with potash it yields gallic acid. 

The red resin contains dibromodimethylcatechol, or dibromoveratrol, 
C®H-Br2(OCH^)“, which may be extracted from it by solution in alcohol, and sepa- 
rates from the alcoholic solution, first as an emulsion, afterwards crystalline. Prom 
dilute alcohol it crystallises in hard shining prisms melting at 83°-84°. 

Bromoaoetovanillic acid, C®H-Br(OCH^)(OC“H^O)COOH, is produced, to- 
gether with bromovanillic acid, by bromination of acetovanillic acid, and crystallises 
from hot water or dilute alcohol in anhydrous prisms melting at 165°-167°. 

Bromovanillic acid, C®H2Br(OCH^)(OH)COOH, obtained by the action of 
potash-ley on its aceto-derivative. is much more soluble in water than the latter, very 
soluble in alcohol and ether, and crystallises from hot water with 1 mol. H^O, which 
is given off at 100°-110°. The dehydrated compound melts at 192°-193°. "When 
heated with methyl iodide and potassium hydrate, it is converted into the methyl- 
ether of the above-described bromoveratrie acid. Hence it appears that — contrary to 
what takes place with the nitro-group, — the bromine replaces in acetovanillic acid 
the same hydrogen-atom as in acetoveratric acid. 

Cafi^ic and 3E*erulic Acids. The following details respecting the preparation 
and properties of these acids, and some of their derivatives, are given by F. Tiemann 
a. Nagajosi-Hagai {Ber. xi. 658). 

m p 

Acetovanillin, C®H®.(COH).(O.CH®)(O.C2H®0), is best prepared by allowing the 
sodium-compound of vanillin to remain in contact with an ethereal solution of acetic 
anhydride for some hours. It forms large flat needles which melt at 77° ; it is easily 
soluble in alcohol and ether, but only sparingly in water. 

Acetoferulic 'acid, C®H^(CH=:CH.COOH)(O.CH^)(O.C'H®0), is formed by heating 
either vanillin or the preceding compound with anhydrous sodium acetate and acetic 
anhydride. It crystallises in slender needles melting at 196°-197° ; it is readily 
soluble in alcohol and in ether, but with difficulty in water. 

Ferulio acid, C®H^.(CHn:CH,COOH!)(O.CH®)(OH), results from the decomposi- 
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tion of the preceding compound by sodium hydrate. This synthetic acid crystallises 
firom boiling water in brittle, high refractive prisms, melting at 168°-169°, which is 
also the melting point of ferulic acid prepared from asa&tida (p. 785). In order, 
finally, to establish the identity of these products: (1) the latter was heated with 
acetic anhydride, and found to yield a body identical in all respects with the aceto- 
ferulic acid described above ; and (2) the aeetoferulie acid thus prepared from the 
‘ natural ’ acid was oxidised by potassium permanganate in acetic acid solution, and 
found to yield aceto vanillin and acetovanillic acid. 

In ferulic acid the hydrogen both of the carboxyl-group and of the phenolic 
hydroxyl is capable of being replaced by metals, so that it yields two classes of salts, 
of which the primary ammonium and secondary potassium salts have been obtained 
by Hlasiwetz. Perulie acid is a hydroxyl-methoxyl -cinnamic acid, and can readily 
take up two hydrogen-atoms, forming hydroferulic acid. 

m p 

SydrofendiG acid^ C®H^(OH-.Cfl2.COOH)(OCH^)(OH), is easily obtained by the 
action of reducing agents upon ferulic acid. It crystallises from its aqueous solution 
in microscopic plates (m. p. 89®~90°), which are very easily soluble in alcohol, ether, 
and hot water. Like the preceding it forms two classes of salts. 

Dimethylcaffeic aoidj C®H^(CH~CH.COOH)(O.CH®)^, or Methylfemlic acid, may 
he prepared by replacing either the two hydroxyl-groups of cafreic or dioxycinnamic 
acid, or the single hydroxyl-group of ferulic acid with methoxyl, by heating them 
with potash and methyl iodide in methyl-alcohol solution. Dimethylcaffeic acid 
crystallises in needles which melt at 180°~181°. It is monobasic, and forms easily 
soluble salts with the metals of the alkalis and alkaline earths. 

^ P 

Hydrodimethyleaffeic acid, C®H®(CH.2.CH2.COOH)(OCH®)2, was obtained by re- 
duction from dimetbyleaffeic acid prepared either from ferulic acid or from caffeic 
acid : the products were identical. This acid crystallises from its aqueous solution in 
slender needles which melt at 96°-97° to an oil which solidifies at 60°. 

m p 

^ Isofemlic add, C®H3(CH=:CH.OOOH)(OH)(OCH3), is formed by heating caffeic 
acid with methyl iodide and potassium hydrate in quantity less than sufficient for the 
complete replacement of its hydroxyl. The methyl ethers of isoforulic and dimethyl- 
caffeie acids thereby obtained are easily separated, and the isoferulic acid may be 
isolated, after saponification, in the form of crystals which melt at 211°-212°. It 
forms two classes of salts. 

Sydromferulic add, CsH3(OH2.CH2.COOH)(OH)(OCH3), is readily formed from 
the^ preceding acid by reduction. The pure acid forms slender colourless needles 
which melt at 146° to an oil which solidifies at 130°. 

Synthesis of Caffeic Add. — ^By the action of sodium acetate and acetic anhydride 
on protocateehuic aldehyde, the latter is converted into a diacetocaffeie acid, 

C«H5(CHx=0H.CO0H)(OC?l3O)(Ocfe3O), identical in every respect with that which 
is obtained by the action of acetic anhydride on caffeic acid ; it crystallises in slender 
needles, melts at 190°-191°, and when heated with potash-solution, is readily con- 
verted into caffeic acid. 

PSZSTO.acoilQ'ITXN-x: and AXiXiISB BASBS (Wright a. Luff, Chem. Soc. J. 
xxxiii. 161 ; xxxv. 387 ; Chem. News, xxxvii. 67, 245 ; xxxix. 224). 

Pseudaconitine, jg constituent of Aoonitmn ferox, 

hut is very difficult to obtain in the pure state, as in the process of extraction it is 
partly converted, by loss of into ayoysmdaconitine, which adheres 

to it with great obstinacy, and it is only after a long process of purification (described 
in the paper above cited) that the pseudaconitine exhibits the composition represented 
by the formula ^ ^ 

Pure pseudaconitine is more soluble in alcohol and ether than aconitine, and 
crystallises by slow evaporation from ether, or better from a mixture of ether and 
light petroleum, in transparent needles and sandy crystals ; after rapid evaporation 
it remains syrupy. In the air-dried state it contains 1 mol. water of crystallisation, 
which is given off at 80° in a stream of air, and more quickly at 100°, the residue at 
the same time slightly caking together. At 104°-.105° it melts to a viscid transparent 
liquid._ The solutions of its salts form very sparingly soluble precipitates with 
potassio-mercuric iodide and bromide, somewhat more soluble precipitates with 
mercuric chloride, auric chloride, iodised potassium iodide, alkalis and their carbon- 
ates, and tannin, 

Pseudaconitine may he heated for some time at 105° without sensible alteration 
of weight, but when it is heated to 135°— -or its acetate to 130°"140°- then dissolved 
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in alcohol, precipitated by sodium carbonate, and taken up by ether, amorphous 
bases (forming also amorphous salts) are produced, represented by the formulae 
and 

A^ops eudaconitine, is formed by abstraction of water from 

pseudaconitine under the indiience of mineral acids. The action takes place even 
with very dilute acids and at ordinary temperatures, but is not complete even at 100°; 
it is however mainly represented by the equation = C^®JB[^’NO“,and 

the apopseudaconitine may be easily separated from the product by supersaturation 
with sodium carbonate and agitation with ether. This base is very much like pseud- 
aconitine, but somewhat less soluble in alcohol and ether. In the air-dried state it 
contains 1 mol. H-0, which is given off at 100". It forms a well-crystallised nitrate, 
and an aurochloride, G^®H^^NO^^HOl,AuGP, very much like that of pseudaconitine. 

Acetyl-apojpseudacomtine, G®®H'‘®(C'H^O)NO^b is formed on heating pseudaconitine 
at 100° with acetic anhydride or glacial acetic acid, and separated from the product 
by agitation with ether. It is crystalline, contains in the air-dried state 1 mol. water, 
forms a well-crystal'hsed nitrate and aurochloride. By saponification with alkalis it 
is resolved into acetic and dimethylprotocatechuic acids. 

Bensoylapopseudaconitine, formed in like manner by the action 

of benzoic anhydride on pseudaconitine, also contains in the air-dried state 1 mol. 
water of crystallisation, and is altogether very much like the acetylated base. 

JPseudaconine, is formed, together with dimethylprotocatechuic acid, 

by heating pseudaconitine at 100° with alcoholic soda-solution: 

^ 220 = 

To separate the pseudaconine, the liquid product of the reaction is evaporated to 
dryness, then acidulated with hj^droehloric acid, and shaken with ether ; the dimethyl- 
protocateehuic acid thereby dissolved is removed ; the residue exhausted with alcohol ; 
the alcohol distilled off ; and the pseudaconine dissolved out of the residue by ether, 
which leaves it on evaporation as a varnish-like but apparently cry stalli sable mass. 
It melts at the heat of the water-bath ; dissolves readily in water ; has a strong 
alkaline reaction ; a bitter but not caustic taste ; and is distinguished from pseud- 
aconitine by its greater solubility both in the free state and in combination with 
acids. It reduces gold and silver salts. Pseudaconine salts are all amorphous. 

Apojpseudaconine, is formed, together with dimethyl-protocatechuic 

acid, by the action of alcoholic soda-solution at 140° on pseudaconitine: 

0332492012 = + C27B:®®N0S. 


BihenzoyUapojpseudaconine, 02^H®^(00'H®0)2NO®, and the corresponding diacetyl- 
derivative, are obtained by heating pseudaconine with benzoic and acetic anhydride 
respectively, 1 mol. H^O being first separated from the pseudaconine and an atom of 
hydrogen in the residue then replaced by benzoyl or acetyl. Both these bases are 
amorphous, and form amorphous salts, those of the benzoylated base being nearly 
insoluble, and those of the acetylated base moderately soluble in water. Both melt at 
100°, and decompose at higher temperatures. 

The bases above described may be represented by the following constitutional 
formulae : 


Pseudaconitine 

Apopseudaconitine 

Pseudaconine 
Apopseudaconine . 

Benzoylapopseudaconine 


^(OH)2 

(G2"b;2^no^)^oh 

\0— CO— C«H2(0CHS)2 

\0~-CO— C«H2(0CH®)2 
(027237200(OH)^ 




.A.conitine, (’VVright a. Luff, Ghem, Soc. J, xxxiii. 318; see also p. 40 

of this volume). This is the principal alkaloid of monkshood Naipellus), 

It reacts with acids and alkaUs in the same manner as pseudaconitine, producing the 
following bases : 

Ajpoaconiiine, is formed from aconitine by the action of dilute mineral 

acids or of concentrated tartaric acid (which, however, partly act in the same manner 
as alkalis, in free). It crystallises from ether, melts at 185°-186°, forms a crystallised 
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nitrate, and a hydrobromide having the composition + 2^E^O. This 

base is probably formed by decomposition of aconitine during the preparation of the 
latter, and to its admixture may be attributed the very discordant statements which 
have iDeen made respecting the composition of aconitine. 

Acetyla-poaconiime, C^H^®(C2HsO)NO“, and Benzoyl-a^oaconitvm, are produced 
by heating aconitine with acetic and benzoic anhydride ‘respectively, a molecule of 
water being first removed, and an atom of hydrogen in the residue then replaced 
by acetyl or benzoyl. Acetylapoaconitine crystallises from ether, melts at 180°- 
181° (eorr.), and forms amorphous salts. Jn its preparation the temperature 
must not be allowed to rise above 100°, as otherwise an amorphous base will be 
formed. 

Aconine, is formed, together with benzoic acid, by the action of dilute 

alkalis at ordinary temperatures on aconitine, the conversion being most completely 
eifected by the use of alcoholic soda-solution : the same change is also produced by 
heating aconitine with water at 140° : 

+ BPO = 


This reaction of aconitine, and the corresponding reaction of pseudaconitine, are 
analogous to that of cocaine, which yields methyl alcohol, benzoic acid, and eegonine 
(vi. 480), and to that of atropine, which yields tropic acid and tropine (vi. 249). 

Aeonine is easily soluble in water, alcohol, alkalis, and chloroform, but almost 
insoluble in ether, especially when the ether is free from alcohol. It is amorphous, as 
are also its salts ; melts at 130° ; reduces gold and silver salts, and at the boiling heat 
also Fehling’s solution. The mercitrhdide has the composition C‘®II^‘'NO^bHI,HgI-; 
the sulphate is ; the hydrochloride, 3C"®H^^NO^b 2HC1: these last 

two salts were probably mixtures. The awrochlonde, C“‘^H^’’NO“,HCl,AuOP, is 
obtained as a yellow flocculent precipitate on adding gold chloride to the solution of 
aeonine in hydrochloric acid. Aeonine heated with benzoic anhydride is converted into 
henzoylapoaconitine. 

Apoaconine, is formed by abstraction of water from aeonine under the 

infl.uence of dilute acids, e.y. by heating a solution of the hydrochloride to 1 40°. Its 
hydrochloride, C-°H^’NO'“,H01, is amorphous, soluble in water, not precipitated by 
alkalis. 

The relations between the four bases just described may be represented by the 
following formulae : 

Aconitine . . . qq qojjs 

Apoaconitine . . . 

\0— 00~C®H^ 


Aeonine . 
Apoaconine 




I^ioraconitine, is the amorphous and comparatively inert alkaloid 

occurring, together with aconitine, in Acomium Napellus. It is resolved by alkalis 
into benzoic acid mdi picraco7iine, and may probably be represented by the 

formula C=‘ff’NO= | 

Alkaloid from Japanese Aconite Koots (Wright a. Luff, Chem. Soc. J. 
xxxvi. 387). These roots appear to be different in species both from A. Napellus and 
from A. ferox, and are either richer in active ingx’edients. or else contain a more active 
alkaloid. To obtain the base, the roots were exhausted with alcohol containing 
tartaric acid ; the extract was evaporated ; and the residue, after addition of water and 
sodium carbonate, was agitated with ether. Eepeated treatment with ether, however, 
failed to dissolve all the alkaloid present, a portion, apparently uncrystallisable, being 
obstinately retained by the alkaline liquid. The ethereal extract, after purification 
by shaking with aqueous tartaric acid, and treatment of the crude tartrate solution with 
soda and fresh ether, gave by spontaneous evaporation crops of crystals, all of which, 
when purified by fractional crystallisation, yielded on analysis numbers agreeing with 
the formula As no change in the composition of this body was produced 

by treatment with hot concentrated tartaric acid, Wright a Luff conclude that it is 
a definite compound, and not a mixture of two bases, and 

This compound melts at 185°-186°, and closely resembles aconitine. By saponi- 
fication it is resolved into benzoic acid and japaconine, a base which 

bears a close resemblance to aeonine, but forms with benzoic anhydride a tetra- instead 
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of a di-benzoylated deriTative. A teti-abenzoyl-coinpound is also formed by heating 
the base with benzoic anhydride. 

To explain the constitution of these several bases, Wright a. Luff assume the 
existence of a base (Japaconitine) represented by the formula 

containing more than aconitine, and constituted like aconitine and pseudaconitine. 
The base may then be regarded as triapo-ja^aconitiney*^ 

0z=(C2«H39N02)— O.G^H^O 


0=:(02sH"flN0-)— O.G’H-0 

and japaconine as 

All attempts to isolate japaconitine were unsuccessful. 

J apanese aconite roots have also been examined by Paul a. Kingzett ( Yearbook of 
'Pharmacy^ 1877, p. 469), who find that the yield of alkaloids from them is much 
greater than that from A. P!wpellus or A.ferox. They obtained a crystalline base, to 
which they assi^ed the formula As, however, this formula was deduced 

from the analysis of a very small quantity of substance, and as the base in question 
formed amorphous salts, Wright is inclined to regard it as identical with pseud- 
aconitine, a view with which Kingzett does not agree. 

PSBtrBOBtrTYXiBEirZIiKrB AX.COHOX1, C®H5.CH2.CH2.CH0H.CH^ An 
alcohol formed by the action of nascent hydrogen on aeetocinnamone (p. 1152). 

PSEtrBOBirTirX.B»rB, CH^— CH=:OH— cm See Butylenes (p. 361). 

PSBtTBOCXrMBirB. Unsymmetrical Trimethylbenzene. See Kesitylene 
(p. 1284). 

FSBITBO-mXIOBB. See Indole (p. 1089). 

PSBX7BOMA3:.ACBXTB, syn. with Ehlite, 5Cu0.P205.aH20 (p. 705).t 

PSEBBOMOBPHOSBS. A description of the numerous pseudomorphoses of 
the bed of magnetic iron ore in the Tilly-Foster mine, Putnam County, New York, is 
given by J. D. Dana (Sill. Am. J. [3], viii. 371 and 447; Jahresh. f. Chem, 1873, 
1284-1292). Pseudomorpbs of tin-stone, after orthoclase, from Huel Coates, St. 
Agnes, Cornwall, are described by J. A. Phillips (Chem. Soc. J. xxviii. 684). 

On the Microscopical Structure of Pseudomorphs, see Geinitz {Jahrh.f. Min. 1876, 
449-504 ; Ch&m, Sog. J. xxxi. 621-700). 

PSBTTBOirZTBOXiBS. See Paeaefins (Nitro-), p. 149 b 

PSBtXBOPKITE. See Pennine (p. 1498). 

PSEXTBOPROPYB- or XSOPBOPYXi-CO»KPOVirBS. See Peofyl- 
COMPOUNDS (pp. 1676-1679). 

PSEUBOPXTRPtTBXar. See Anthhaquinones, Trioxy- (p. 111). 

PSEtrBOBOSAlO’XXiXBrE. See Kosaniline. 

PSEVBOBOSOXiXC ACXB. See Kosolic acib. 

PSEtTBOTHlOCYABrOGEM*. The orange-yellow precipitate (Persul^ko- 
cyanogen, iv. 381) which Liebig obtained by the action of chlorine or nitric acid on 
aqueous potassium thiocyanate, is generally represented by the formula C^N^S^H. 
According to W. K, Hodgkinson, however (Chem. News, xxxix, 80), its true compo- 
sition is represented by the empirical formula CNSH, and it is actually a polymeride 
of thiocyanic acid, C^N^S^H^. Hodgkinson recommends the use of this yellow sub- 
stance as a pigment, as it is not altered by light either in the moist or in the dry 
state. 

PSETTBOTOXitrXBXlflrE. See Toluedinb. 

PSEBBO-tTBXC ACZB, G^H^N^O*. This acid, which Schlieper a. Baeyer 
obtained (iv. 744) by the action of potassium cyanate on uramil (dialuramide), is also 
produced as ammonium salt, with elimination of ammonia, when uramil is heated 
with an equal weight of tirea. On passing carbon dioxide through a solution of the 

* Wriglit a. LiiflE designate this base as Japaconitine ; but if C’**H**NO^^ is to be called ^‘(ipaconine, 
it is more consistent to give the name of japaconitine to the hypothetical base related to 

japaconine in the same manner as aconitine to aconine* 

t GuO is there misprinted CaO, 

VoL. VIU, 5 B 
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resulting ammonium*saIt in caustic soda, sodium pseudourate separates out, and from 
this salt the acid may be obtained by precipitation "with hydrochloric acid. Its 
Uriim salt, gives off aU its water at 150°. The acid is not 

attached by phosphorus oxychloride. Sulphuric acid decomposes it at 150^ into 
carbon dioxide, ammonium sulphate, and xanthinine, 

+ H^so^ = C02 4- (NH4)HS04 + 

Pseudo-uric acid is uric acid plus the elements of water, but all attempts to resolve 
it into these constituents have hitherto been unsuccessful (Grimaux, Bull. Soc. Chim. 
[2], xxxi. 535). 

PSBTTBOTRlACETOWAIilCABIIirE. See Acetonaminbs (p. 32). 

PSBVBOTRXPKElO'YX.MBX.AMIia'i:, isomeric with Hof- 

mann’s triphenylmelamine (p. 1271), is formed, together with carbon dioxide, hydp- 
gen cyanide, benzonitril, and dibenzoyl-dieyanamide, by heating tribenzoylmelamine 
in a current of hydrogen. It is best purified by solution in phen^, and precipitation 
with alcohol, whereupon it separates in shining yellow prisms which do not melt at 

360°. Hofmann’s triphenylmelamine melts at 162°-1 63° (Gerlich, t/". Che^n. [2], 

xiii. 270). 

PSXXiOMSXiAXES. See Manganese- ores (p. 1263). 

PSXTXACZR'XTX:, A hydrated vanadate of lead from mines in the Silver Star 
District, Montana. See Vanadium Minerals. 

PUCEERXTE. Small brown crystals, OP. ooP, identical in form and compo- 
sition with native pucherite (vii. 1026), are obtained by evaporating a mixture of 
bismuth nitrate and vanadium chloride in the exsiccator over sulphuric acid (Frenzel, 
jahrh. f. Min. 1875, 680). 

PURPXkB OP THE AWCIEETTS (Schunck, Chem. Soc. J. xxxv. 589). This 
colour, which was extracted by the ancients from various kinds of shell-fish, and 
applied to the dyeing of linen and woollen fabrics, has from time to time excited a 
considerable amount of interest. Cole, of Bristol {Fhil. Trans. 1685), discovered on 
the coasts of Somersetshire and South Wales a shell-fish which yielded a purple dye. 
A similar species {Purpura Lapilhis) was discovered by Heaumur in 1710 ; JDuhamel 
in 1736, and Bancroft in 1803, also worked at the subject. Their results may be 
summarised as follows: — 1. The colour-producing secretion resembles pus, and is 
contained in a small whitish cyst under the shell close to the head of the animal. 
This pus-like matter, when applied to white linen and exposed to sunlight, changes 
from yellow, through light green, dark green, and blue, to purplish-red or crimson, 
a strong odour resembling garlic or assafoetida being at the same time evolved. Day- 
light is essential ; the secretion if kept in the dark remains unchanged for years, and 
then becomes coloured on exposure to light. The change is not promoted by heat, 
hut proceeds in a vacuum or in hydrogen or nitrogen gas. The colour resists the 
action of soap, alkalis and most acids ; it is destroyed by nitric acid and chlorine. 
A. and G. de Negri (Bcr. ix. 84) have recently obtained two colouring matters from a 
species of murex ; one is blue, and presents the characters of indigotin ; the other is 
red, but its nature is not exactly known. 

Schunck has made many experiments with Purpura Lapillus, which he obtained 
on rocks at low water near Hastings, live animals alone being used. The pale yellow 
secretion turns purple when exposed to light, without being applied to linen. Boiling 
dees not hinder the production of the colour. The chromogen can be completely 
extracted by alcohol and ether from the pounded cysts, a golden-yellow solution being 
obtained, which becomes purple on exposure to light, and a purple powder being 
ultimately precipitated, which is granular and crystalline. Hydrochloric acid pro- 
duces a decomposition somewhat similar to that effected by sunlight, a purple colour 
being formed. The cysts or veins from 400 animals, yielded on exposure to sunlight 
7 mgs. of the purplish powder. It was insoluble in water, alcohol, and ether ; slightly 
. soluble in boiling benzene and boiling glacial acetic acid ; easily soluble in boiling 
aniline, the solution giving a broad absorption-band between C and D. Heated 
between watch-glasses, it yielded a sublimate of crystals with metallic lustre showing 
at their edges a deep indigo-blue colour. The colouring matter dissolves in strong 
sulphuric acid to a purplish solution, showing a band between D and E. From these 
reactions it is inferred chat the colouring matter belongs to an unknown member of 
the indigo-blue group. Schunck proposes to call it Pimicin. The liquid from which 
the action of sunlight had precipitated the purple powder did not contain glucose. 

XTIRPUREO-COE AXiT COXVXPOUXSTBS. See CoBALT-AMMONIA COMPOUNDS 
(p. 54^6). 
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PimPTTRZH’. See Anthraqtjinones (Trioxy-) (p. 109). 

PXntPtntOGAXiXiX^. a .substance produced, according to H. Struve, by the 
slow oxidation of pyrogallol in contact with lead peroxide, gum-arabic, malt-ertract, 
grape-juice, blood-pigment, or saliva (vii. 1029, 1030). 

P'lTRPimOXAWTTHllJr. See Anthraquinoxes (Dioxy-) (p. 104). 

PV^AAKARXC .a.CXX>, An acid formed, together with benzoic acid, 

by the action of heat on amaric acid, in presence of free alkali (p. 1128). 

PTRUSa'X!, (vii. 1027). This hydrocarbon crystallises in monoelinic 

prisms, melts at 148°-149°, and forms a picric acid compound which melts at 122°. 
Mononit7'opyrene melts at 149’o°--150*o° (Fittig, JBer, x. 2143), 

PVRSTHRXnMC. On the insect-powders prepared from various species of 
Fyrethrum, see p, 1091. J. de Bellesme obtained from JByrethrum canneum, which is 
an ingredient of :^ost of these powders, a volatile non-poisonous oil, and a crystalline 
body which exhibits the poisonous properties of the plant, and is probably an 
alkaloid {Bharm, J. Tram, [3], vii. 172). B. Buchheim, by evaporating to dryness the 
alcoholic extract of Badix pyrethri, and exhausting the residue with ether, obtained a 
crystalline substance, ‘pyrethrin, which melted at the heat of the body, and was 
resolved by alcoholic potash into pyrethic acid and piperidine. Byrethrin occurs also 
in Herha spila^ithis {N. Bep. Bharm. xxv. 335). 


p-SrRXBXZfrXS-BASSS, 

The following bases 

of this series are 

known : 





B. p. 


B. p. 

Pyridine, C®H*N . 

. 117° 

Parvoline, 

. 188° 

Picoline, C^H^FT . 

. 133 

Coridine, 

. 211 

Lutidine, . 

. 154 

Rubidine, 

. 230 

Collidine, 

. 179 

Viridine, 

. 251 


Pyridine, the lowest member of the series, may be regarded as benzene having one 
of its CH-groups replaced by nitrogen, and represented by the formula 



The other members, derived from it by substitution of CH^, C-H^ &c., for one or 
more of the hydrogen-atoms, admit of isomeric modifications depending on the orient- 
ation of the substituted radicles. Picoline or methyl-pyridine, C^H‘^(CH®)N, admits 
of three such modifications, which are actually known ; the higher members, however, 
are at present known in one modification only, or perhaps as mixtures of several. 

The Heats of Formation of some of these bases have been determined by Ramsay 
{Chem. 8oc. J. xxxv. 696) with the following results : 


G-ram- 

degrees 

Pyridine 7117 

Picoline 5753 


Gr ram- 
degrees 

Lutidine . . . ,7184 

Dipicoline .... 8084 


On their volumes at the respective boiling points, see Ramsay {ibid. 472). 

Bhysiological action. — Pyridine, picoline, lutidine, and their salts, exert a soporific 
action on the animal organism; their methiodides strongly excite the brain and 
paralyse the extremities. A similar but more energetic action is exerted by their 
eth}'l and allyl derivatives ; also by dipyridine and dipicoline. The iodalkyl-com- 
pounds (methiodides, ethoclilorides, &c.) of the last two bases are strong poisons. 
Methylic pyridine-carboxylate scarcely acts on the organism ; the corresponding am- 
monium salt gives rise to symptoms resembling epileptic fits (Ramsay, Mag. [5], 
iv. 241). According to Kendrick a. Dewar {Proc. Boy. Soc. xxii. 432, xxiii. 290), 
the several members of the pyridine series differ from one another in their physio- 
logical action, not in kind, but only in degree, but the members of the quinoline series, 
C“H=^“iiN (quinoline, C^H^N ; lepidine, &c.', exhibit differences in kind, as 

well as in degree, in their physiological action. 

Pyridine, C®H®N, is formed by distilling a salt of pyridine-carboxylic (nicotinic) 
acid with lime, C^H^JS[(CO“H) = CO^-fC^H*H (Weidel, olxv. 238; 

Laiblin, Ber. x. 2136) ; also by distilling the calcium salt of pyridine -dicarboxyl ic acid 
(cinchomeronic acid, p. 484), C®H^N(CO^H)-— 2CO“ + C^H^N. 

Lihromopyridine, C^H'^Br-N, is formed on beating to 200° a mixture of pyridine 
hydrochloride and bromine, or the orange-coloured precipitate formed on adding bro- 
mine to a solution of pyridine hydrochloride, and separates in needle-shaped crystals 
soluble in ether and in strong hydrochloric acid, precipitated from the acid solution by 

5 B 2 
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water. It melts at 109^ and begins to sublime at 100’. It is not acted upon^ by 
baryta-water, ammonia, alcoholic potash, nitric acid, sulphuric acid, or potassium 
permanganate. Moiiohromcypyridine (b. p. 170°) appears to be formed simultaneously 
with the dibromopyridine (A. W. Hofmann, Ber. xii. 984). 

CH— CH CH— CH 

Dipyr%Aine, = Hc/ Sn=: 1>!/ ^CH. This base, dis 

CH=CH 9H=CH 

covered by Anderson (vi. 977), is obtained, together with other products, by the action 
of sodium on pyridine. He found its vapour- density to be 5‘92 ; Ramsay {Bhil, Mag. 
[5], iv. 241), working with Victor Meyer’s apparatus, finds it to be 5‘36 ; the formula 
requires 5'46. 

Isodifyndine, obtained by fractionation from the mother-liquors of the 

crystalline dipyridine, is a yellow oil, which does not solidify in a mixture of snow 
and salt, even on addition of crystals of dipyridine. Sp. gr. l‘Qj3. Vapour-density 
by two determinations, 570 and 579. It is sparingly soluble in water, but mixes in 
all proportions with alcohol and ether. Its hydrochloride forms hard white crystals ; 

^latinochloride is a yellow crystalline precipitate. The methiodide is a brilliant 
scarlet powder, insoluble in absolute alcohol and ether, slightly soluble in aqueous 
alcohol, freely in water, forming a nearly colourless solution. The methochloride is a 
svrupy liquid, giving with platinic chloride a precipitate of the double salt 
2CH3Cl,PtCP (Ramsay, Ohem. Soo. J. xxxvi. 264). 

Ficollne, C^H^H = C®H‘‘(CH^)N. This base, as already observed, admits of three 
isomeric modifications, according as the CH^-group is placed in the ortho-, meta-, or 
para-position with regard to the nitrogen -atom of the pyridine-molecule. The basic 
oil hitherto known as picoline, extracted from coal-tar naphtha, bone-oil, &c., is a 
mixture of two of these modifications (a and j8), and a third modification (7) is formed 
by the distillation of acrolein-ammonia and by heating allyl tribromide with ammonia 
(Baeyer, vi. 944 ; vii. 981). 

The two modifications obtained by the dry distillation of vegetable and animal 
substances cannot be separated by fractional distillation, but their separation may be 
effected by means of the different solubilities of tbeir platinocblorides. The following 
description of their properties is given by Weidel {Ber. xii. 2008). 

o-Picoline, obtained from the less soluble of the two platinum salts, is optically 
inactive, boils at 134° (uncorr.), and is converted by oxidation into picolinic acid. Its 
platinochloride, (C®H^!N,HCl)2PbCl^ separates from a moderately concentrated slightly 
acid solution in large, yellow, faintly lustrous monoclinic tablets containing 1 mol. 
H-0. Ratio of secondary axes a : 5 = 1'0548. Angle ac= 102° 6'. Observed faces, 
OP, oaP. Prom a solution strongly acidulated with hydrochloric acid, on the other 
hand, the salt separates in large highly lustrous roseate anhydrous prisms also mono- 
, clinic, a : b I <7 = 0’9185 : 1 : 0*9279 ; ac= 116° 10'. Observed faces coP, OP, 4P2. 

)8-Picoline, obtained from the more soluble of the two platinum salts, is slightly 
lasvogyrate, boils at 140°, and is converted by oxidation into nicotinic acid (p. 1703). 
It is less soluble in water than a-picoline. Its platinochloride separates from a 
moderately concentrated solution by slow evaporation in large highly lustrous crystal- 
line grains having the colour of potassium dichromate ; by rapid crystallisation from 
strong solutions it is obtained in needles. The crystals contain 1 mol. H®0, and 
belong to the orthorhombic system ; a I b I c=: 0*9560 I 1 : 0*6226. Observed faces P, 
coP, ooP« . 

7-Picoline also yields a platinochloride which crystallises with 1 mol. water. The 
crystals, according to Groth’s measurements {Liebig’s Annalen, civ. 281), are mono- 
clinic, having the axial ratio a: b : <? = 0-9089 : 1 : 0*6641, and the axial angle 
ac = 81° 7'- 

A considerable number of salts prepared from the mixture of a- and i8-picolino, 
hitherto known as ‘picoline,’ and so designated, for simplicity, in ifche following 
descriptions, have been examined by W. Ramsay {JPhil. Mag. [6], ii. 269 ; iv. 241 ; 
vi. 19). The hydrochloride, when purified by distillation, is a white deliquescent salt 
melting at 160°. It appears to absorb chlorine, but is not attacked thereby even at 
high temperatures. The hydrohromide, on the other hand, in aqueous solution, unites 
readily with a molecule of bromine, forming the compound C‘5H^N,Br^,HBr, which is 
still more readily formed by heating a concentrated solution of the hydrobromide 
with bromine for an hour at 190°. It crystallises from water in yellow needles 
which melt and give off bromine at about 85°. This dibromide is resolved by boiling 
with water into bromine and picoline hydrobromide, and the same decomposition is 
produced by alkalis, but, on acidulating the alkaline solution, the dibromide appears 
to be reproduced. Bromine does not exert a substituting action on picoline hydro- 
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bromide, even when heated with it for a week at 180°. When a mixture of picoline 
and very strong hydriodw (wid is first evaporated down and then distilled, a sudden 
rise of temperature takes place, the mass txirns brown and viscid, and the compound 
C®H^iSr,P,HI separates in brown needles which melt at 79°, dissolve with decomposi- 
tion in ether and in alcohol, and, in contact with water, are converted into a dark 
brown liquid. This compound is not soluble in carbon disulphide. 

Picoline dihromide, C®H^NBr®, is formed by treating picoline dissolved in chloro- 
form with bromine, and is obtained in small needles on evaporating the chloroform in 
a vacuum. A cUoriodide^ C®H^NCiI, prepared in like manner with picoline and 
iodine monoehloride, forms long yellow needles. These two compounds are resolved 
by alkalis into picoline and the respective halogens ; the dibromide, when heated, 
decomposes and is converted into a resin. 

The compound of picoline with mercuric chloride^ C®H^K,HgOi®, crystallises from 
water in ne^es, from alcohol in plates ; it is not attacked by chlorme. 

Picolitie ^latiiihchloridei heated with water in a sealed tube for some days at 170°, 
yields two compounds which can be separated from one another by their different 
degrees of solubility. They are formed by the following reactions : 

(C«H^N.ECl)2PtCB = C«H’'N,PtCP + HGl + C^B.m,RCl 
(C«H’N.HCl)2PtCP == (G«H^N)2PtCP + 2H01 

The compound (C®H^K)2pt0i‘‘ is a bright yellow powder moderately soluble in water ; 
C®H^N.Pt01‘* is an insoluble substance of a dirty yellowish-green colour. Neither of 
these bodies evolves picoline when boiled with caustic alkalis. 

Picoline ‘platinosocyanide, (C^H^N,HClSi)^Pt(CE)- + 4H-0, forms yellow trans- 
parent crystals ; from a hot solution it separates in needles containing 5 mols. water. 
It dissolves in 83 pts. water at 10°. When picoline is left in contact with hydro- 
ferrocyanic acid, a blue precipitate is formed, together with crystals, probably con- 
sisting oi picoline ferro cyanide, Picoline hydrochloride and silver cyanate react 
at ordinary temperatures with formation of silver chloride ; and the liquid, when 
left to evaporate over sulphuric acid, deposits crystals which are resolved by water 
into picoline and a gas, and when heated alone split up into picoline, ammonia, and 
cyamelide. 

Picoline methiodide, prepared by direct combination of methyl iodide 

with picoline, is a slightly deliquescent salt which crystallises from alcohol in long 
white needles, melting at 226*o°-227°. It unites with iodine, forming the compound 
C®H’NJ^GH®I, which crystallises in bluish-black feathery plates melting at 129°, 
soluble in alcohol and in ether, insoluble in carbon sulphide and in water. The 
onethochloride, prepared by the action of silver chloride on the methiodide, is 
deliquescent, and crystallises from alcohol in needles. Its platinum salt, 
(C®H^N,CH^01)^Pt01^, crystallises in small cubes. The methonitrate. 
obtained from the methiodide with silver nitrate, forms transparent prisms sometimes 
an inch long. The methydroxide, prepared by adding silver oxide to the methiodide, 
decomposes when evaporated to dryness, leaving a red residue having a putrid odour. 
The ethylenohromide, crystallises with dif&culty in small prisms 

melting at 276°. The corresponding chloride crystallises from alcohol in small 
needles- 

The compounds of picoline with allyl chloride, iodide, &c. are all syrups, except 
the platinochloride, (C^H^K.C^H^Cl)-™!*. 

Picoline acetochloride, C®H^N,C-H^OCl, is formed on mixing the solutions of picoline 
and acetyl chloride in chloroform, the liquid turning first green, then red, and hniilly 
red-brown, and yielding the compound, on evaporation in a vacuum, in brown, very 
deliquescent crystals, which are decomposed by water into picoline hydrochloride and 
acetic acid. The benzochloride exhibits similar properties. 

Picoline tartrate, crystallises in white needles, smelling faintly 

of picoline. The citrate is a syrup. The phosphate is a crystalline mass which rapidly 
absorbs water. The chlorate forms thin diamond-shaped crystals. Picoline does not 
combine with acetic, formic, or chromic acid. 

Bipicoline, is formed by the action of sodium on picoline, and may 

be separated from the product by fractional distillation in a vacuum, under which 
circumstances it boils at 165°~175°. It is a heavy oil, having a peculiar basic odour, 
a density of IT 2, boiling under ordinary pressure at 310°-320°, and slightly volatile 
with vapour of water. Most of its salts show but little tendency to cryst^lise, but 
the platinochloride, C^-H‘‘‘N2,2HCi,PtCP, is a yellow crystalline powder. The 
methiodide, C^®H*W,2CH®I, is a bright yellow powder, almost insoluble in alcohol 
and ether, but readily soluble in water, giving a colourless solution. The methcr 
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chloTide is a white crystalline salt. The Tuethyl^lcctiTiOGhloTidB, C^^H^‘*N^,20H^0i,PtCl*, 
is deposited from water in yellow crystals. Iodine combines with the methiodide, 
forming brown scales, insoluble in carbon bisulphide, and having the composition 
With bromine water, dipicoline gives a bulky buff-coloured pre- 
cipitate of the compound 2BDBr. On oxidation with potassium permanganate, 

dipicoline yields a mixture of acids, which when heated evolve the smell of the 
polymerised bases ; hence it is probable that a polymeride of pyridine-di carboxylic 
acid is produced. 

On Lutidine, see iii. 737; vii. 758. On Collidine, i. 1082 , 

vii. 378 ; viii. 552. 

Parvoline, (b. p. 188°),. was discovered by C. GrevilJe Williams amongst 

the volatile bases obtained by the dry distillation of the bituminous shale of Dorset- 
shire {Ghem. Sog. J. vii. 97). It occurs also, together with the other bases of the 
series, in tobacco-smoke (yohl a. Eulenberg, Arch, Pharm. [2], cxlvii. 130). 

Coridine, was discovered by Gr. Thenius {Chem. CentA 1862, 53) among 

the bases obtained by distillation of coal-tar. It is a colourless transparent liquid, 
having a faint odour much like that of new leather. It boils at 211°, and has a 
density of 0'974. It blues reddened litmus-paper, dissolves sparingly in water, mixes 
in all .proportions with alcohol, ether, and essential oils. Its solutions in acids, when 
evaporated over the water-bath, yield gummy masses which solidify in the crystalline 
state when left over calcium chloride. The base itself does not solidify at ~17°. 
The hydrochloric acid solution gives, with mercuric chloride, a white pi’ecipitate 
which is deposited from the warm liquid as a heavy oil, solidifying at low tempera- 
tures, and becoming liquid again at 28° ; from hot water it crystallises on cooling in 
white needles. The ^latinochloride, (C^®H^^ISf,HCl)=PtCP, is a dark orange-coloured 
precipitate, sparingly soluble in water, alcohol, and ether ; the aurochhride is dark 
yellow. The base precipitates alumina, chromic oxide and ferric oxide, but not baryta 
or magnesia. With chloride of lime it produces a yellowish-red colour, which dis- 
appears on addition of an acid ; a deal-shaving moistened with hydrochloric acid is 
coloured by it in a similar way. 

On Rubidine, (b. p. 230°), see v. 127. On Viridine, 

(b. p. 251°), see v. 1003; vii. 1161. 

PYRXBZSTE-GARBOX’SrXiXC ilCZBS. Acids are known derived from 
pyridine by the substitution of one, two, and three carboxyl-groups for hydrogen. 

Pyridine-monocarboxylic Acids, 0®H®NO- = C‘'^H‘N.COOH. The constitu- 
tional formula of pyridine (p. 1699) shows that three of these acids are possible, the 
nitrogen and carboxyl occupying the relative positions 1 : 2, 1 : 3, and 1 : 4. They 
are all known, but the orientation of the carboxyl-group in each has not been deter- 
mined, One of these acids, picolinie acid, is obtained by oxidation of a-picoline ; 
another, nicotinic acid, by oxidation of nicotine and of jS-picoline, and the third by 
the dry distillation of pyridine-tricarboxylic acid. 

(1), Picolinie acid (H. Weidel, Ber. xii. 1994). — This acid is formed, together 
with nicotinic acid, by the action of potassium permanganate on the mixture of a- and 
j8-picoline (b. p. 133°-139°) obtained by distillation of animal tar (p. 1700) : 

C«H^N + 0» = + H‘^0. 

The two acids are separated by the difference of solubility of their copper salts, the 
less soluble salt, when decomposed by hydrogen sulphide, yielding picolinie acid, the 
more soluble yielding nicotinic acid. 

Picolinie acid crystallises in white slender apparently prismatic needles, dissolves 
easily in water and alcohol, but is nearly insoluble in ether, benzene, chloroform, and 
carbon sulphide. It is scentless and has an acid taste, with bitter after-taste. It 
volatilises partially below 100°, melts at 134-5°-136°, then sublimes in highly lustrous 
needles, and decomposes at a higher temperature, emitting a pungent odour. Its 
aqueous solution is not precipitated either by normal or by basic acetate of lead, but 
yields a white gummy precipitate with silver nitrate, A moderately dilute solution 
of the acid or of one of its salts yields with copper salts a precipitate consisting of 
shining needles and laminae of a splendid violet-blue colour, a reaction which may be 
used for the recognition of the acid. Solutions of picolinie acid are coloured faintly 
yellow by ferrous sulphate. 

Potassium picolinate forms small extremely deliquescent needles and scales ; its 
solution when agitated froths like soapy water. The ammonium salt is very soluble, 
and crystallises by spontaneous evaporation in large colourless triclinic plates having 
a strong vitreous lustre. The calcium salt, (C®H^N02)2Ca+ l^H-0, is obtained by 
adding calcium carbonate to a boiling dilute solution of the acid, and evaporating the 
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filtrate, in tufts of white needles having a faint silky lustre, — or by decomposing the 
ammonium salt with calcium chloride, whereupon it separates in large efflorescent, 
apparently prismatic crystals. The water of crystallisation is given off at 160°. The 
barium mlt, (C®H‘N0-)'-^JBa + H‘‘^0, prepared like the calcium salt, is much less soluble, 
and separates from the solution on evaporation in microscopic hard sandy prismatic 
crystals, which give off their water at 160°. By dry distillation it yields a mixture 
of pyridine and dipyridine. The inagnesmm salt, (C®H*jS'0-)-Mg + 2B[^0, obtained hy 
saturation, crystallises on evaporation in hard shining monoclinic prisms, a I h i c- 
1T368 : 1 : 0’8590; angle ac ~7Z° 52'. Observed faces, OP, ooPoo, Soo, coP. The 
water of crystallisation is given off at 140°. The cadmium salt, (0®H^NO-)“Cd (at 
120°), obtained in like manner, forms an aggregate of small shining crystalline plates, 
having a saccharine taste. The copper salt, is obtained either by 

decomposing a soluble picolinate with cupric acetate, or by saturating a boiling hot 
solution of the acid with cupric carbonate, and is deposited on cooling in needles 
having a blue-violet colour and metallic lustre. 

Picolinic acid likewise unites with strong mineral acids, and with the chlorides of 
gold and platinum. The hydrochloride, OH^NO^HCl, separates on evaporation over 
sulphuric acid in large colourless highly lustrous orthorhombic prisms. The platino- 
chloride, (C®H®l!lO^,HCi)‘'^,PtCPH- 2H'0, crystallises in monoclinic prisms. 

Calcium picolinate, distilled with quick-lime, yields a mixture of pyridine and 
dipyridine, the former passing over between 115° and 116°, the latter between 165° 
and 185° : G“H^NO-= CO^ + C^H®N. Picolinic acid is also resolved into pyridine and 
carbon dioxide by heating with strong alcoholic potash in a sealed tube at 240° for 
several hours. 

When a solution of sodium picolinate is heated with sodium-^^Tialgam, ammonia is 
given off, and a non-azotised acid is formed, having the composition of hydroxy- 
sorbic acid, : 

+ H^O = NH3 + 

This acid crystallises in colouidess needles which are extremely deliquescent, very 
soluble in water, almost insoluble in alcohol, and melt at about 85°. It reduces an 
alkaline cupric solution. Its barium, calcium, and cadmium salts are amorphous. 

(2). Nicotinic acid, produced, as above mentioned, by oxidation of the mixture 
of a- and i3»picoline with permanganate, is also formed by oxidation of nicotine. 
Huber obtained it by oxidising nicotine with chromic acid mixture (vi. 866) ; Laiblin, 
by the action of potassium permanganate on the same alkaloid (p. 1392). Weidel in 
1872 {Liebig's Annalen, clxv. 328), by oxidising nicotine with nitric acid, obtained an 
acid to which he assigned the formula ; but his more recent experiments 

have shown that its true formula is G®H“NO®, according to which its formation from 
nicotine may perhaps be represented by the equation : 

SGioHi^N" + 0*' = 5GsH®NO- + NH« + TH^O. 

For the description of its salts see p. 1392. 

Like picolinic acid, it unites with acids as well as with bases. The hydrochloride, 
G^H^NO'^.HCl, crystallises in monoclinic prisms, in which a : 5 = 1*0619, and the angle 
ac — S0° 37'. Observed faces, OP, coPco, oopoo, coP. They are very permanent, 
whereas the crystals of picolinic acid hydrochloride quickly become turbid and 
opaque. 

Nicotinic acid, like picolinic acid, is resolved, by the dry distillation of its calcium 
salt, into carbon dioxide and pyridine, and when subjected to the action of sodium- 
amalgam yields an acid apparently identical with the hydroxysorbic acid obtained 
from picolinic acid. 

The points of difference between the two acids may be more plainly seen in the 
following table (p. 1704). 

3. A third pyridine-monocarboxylic acid is obtained by the action of heat on 
pyridine-tricarboxylic acid: C®H2N(GOOH)*== 2GO®+ G®H®NO-. When this latter 
acid is cautiously heated to the melting point, carbon dioxide escapes, together with 
small quantities of other gases, and the fused mass contains a mixture of acids, from 
which, by repeated crystallisation from water, a pyridine-monocarboxylic acid may be 
isolated in well-defined granular crystals, while a mixture of mono- and dicarboxylic 
acids remains in solution. 

This pyridine-monocarboxylic acid melts at 305° in closed tubes, volatilises com- 
pletely under ordinary pressure without previous fusion, and sublimes in fine tabular 
crystals. Mixed in aqueous solution with cupric acetate and warmed, it yields a 
green copper salt (Skraup, Ber. xii. 2331). 

The same acid is also produced, according to Hoogewerff a. van Dorp, who name it 
pyrocinchomeronic acid, by the action of heat on the pyridine-di carboxylic acid pro- 
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duced hj oxidation of coal-tar quinoline. On heating this dicarboxylic acid in small 
retorts as long as carbon dioxide continued to esaipe, and then distilling, a solid dis- 
tillate was obtained which, when reerystaUised from a large quantity of water, yielded 
the monocarboxylic acid in nodular crystals which did not fuse at 276°. The pyndine- 
monocarboxylie acid thus obtained dissolves sparingly in water, very sparingly in 
ether and in benzene ; its aqueous solution gives no reaction with ferrous sulphate. 
Its hydrochloride, HCl, forms large shining crystals. The platinoahloride, 

(O^H^NO-.HCl)“PtCl'* + 2H=0, forms line red crystals which are very much like those 
of the corresponding salt of nicotinic acid, and give off their water at 110°-lir)°. 
The mother-liquor of this acid appeared to contain nicotinic acid. 


Characters of Pyridine-7iio'>wcarhoxylic acids. 




Picolinic acid 

Niootinio acid 

Crystalline form. 

Slender, shining anhydrous 
needles. 

f!. 

Rull anhydrous needles. 

Melting point. 

134*6^-136° 

228° 


Water. 

Easily soluble in water, cold 

Sparingly in cold, easily in 

g 


or hot. 

warm water. 


Lead acetate. 

No precipitate. 

No precipitate. 

c> .tS H 

M 1 

Ammoniacal i 

lead acetate. 

No precipitate. 

White crystalline precipitate. 

1 

1 Copper acetate. 

Throws down from a solution 
of the acid or its salts, after 
a short time, violet, metal- 
lically lustrous lamiDse, sol- 
uble in water on boiling. 

Light blue-green precipitate, 
not soluble even in large 
quantities of water. 

,, with Silver nitrate. 

White gummy precipitate. 

White precipitate. 

Crystalline form of 

Triclinic : 

• 

ammonium salt. 

alb: (? = 0-9556 : 1 : 0987. 
Always crystallises in large 
fine tablets. 

Obtained only in small lustre- 
less needles, not admitting 
of measurement. 

Crystalline form of 

1 Small shining, unmeasurable 

Monoclinic. 

calcium salt. 

! needles, or larger prismatic 
crystals, which soon become 
turbid. 


Crystalline form of 

Monoclinic : 

Prismatic needles, not ad- 

magnesium salt. 

a: 6 1-1368; 1 : 0-859. 

mitting of measurement. 

Crystalline form of 

Orthorhombic : 

Monoclinic : 

hydrochloride. 

a: 6 :<J:=1 : 0-8993 : 0 5636. 
The crystals become turbid 
in a few minutes after re- 
moval from the liquid. 

alb: C= 1-0619 : l. 
Crystals quite unalterable. 

Crystalline form of 

Monoclinic : 

Monoclinic : 

platinochloride. 

alb: c;=: 1*4468 : 1 : 2*0404. 

a lb: 1-6233 : 1 : 1-8251. 

Sp. gr. of platinochlo- 
ride. 

20672 

2-1087 


Pyrldine-dicar'boxylic ilcid, C^H®NO‘* = C®H^N(COOH)®. Dicarhopyridenio 
acid . — Six modifications of this acid are possible, having the two carboxyl-groups in 
the following positions [N in 1] : 

2:3 2:4 2:5 2:6 

3:4 3:5 

Pive of these acids are known, hut the relative positions of the two CO-H-groups 
in them have not been determined. Rewar in 1871 (Chem. News, xxiii. 18), by 
oxidising picoline (most probably containing lutidine) with potassium permanganate, 
obtained an acid of this composition, which crystallised in colourless laminae resembling 
naphthalene, melted at 210°, and was resolved, at a higher temperature, or by distil- 
lation with soda-lime, into CO* and pyridine ; and two other modifications have been 
discovered by Ramsay (Phil. May, [5], iv. 241 ; vi. 19), who obtained them in a 
similar manner by the oxidation of lutidine. These tw'o modifications are distinguished 
as. j? and 7 , Rewar's acid as a. 

The general method of preparing these acids is as follows : 25 grams of the base 
are boiled in a tinned iron vessel connected with an inverted condenser, with 250 grams 
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of potassium permanganate, and 4 litres of water. When the permanganate has lost 
its colour, the liquid is distilled, to recover unoxidised base, and the distillate is used 
instead of water in the next preparation. The potassium s^ts are then evaporated to 
drvness, and exhausted with absolute alcohol in an apparatus by which the same 
alcohol is used over and over again. The salts soluble in alcohol are then dissolved 
in water, and mactionally precipitated with lead nitrate ; the lead salt is decom- 
posed by sulphuretted hydrogen, the lead sulphide removed by filtration, and the 
filtrate evaporated. 

The o.-acid. obtained in this way from picoline, separated first in long hair-like 
needles ; on recrystallisation from hot water, it was deposited in plates resembling 
crystals of naphthalene, and these, on standing in their mother-liquor for some time, 
changed to short thick prisms. It has a sweet taste but no smell, is more soluble in 
alcohol than in water, and dissolves also in ether. 

The i8- and 7-acids were obtained in a similar manner, together with the a-acid, 
by oxidation ^ of lutidine, and were separated by fractional crystallisation, the 
/8-aeid, which is but slightly soluble, separating out first from aqueous solution, as a 
whit>^ crystalline powder, while the 7-acid remained in the mother-liquor. 

The table on p. 17O6 exhibits a comparative view of the properties of these three 
acids and of their salts. 

A fourth pyridine-dicarhoxylie acid is cinchomeronic acid, which Weidel 
obtained by oxidising cinchonine with nitric acid, and to which he originally assigned 
the formula (p. 483). Later experiments by Weidel a. ScWidt {JBer. xil 

1146), have shown, however, that it has the composition and is resolved by 

.distillation into pyridine and CO^ and is therefore a pyridine-dicarboxylic acid. 

Cinchonine and cinchonidine, when oxidised by nitric acid, yield cincboninie acid, 
C^^H^NO-, and quinolic acid, as well as cinchomeronic acid, but quinine, 

when oxidised in the same manner, yields cinchomeronic acid as sole product. 

Cinchomeronic acid crystallises in white prismatic needles, which melt at 250°, 
with partial decomposition, and dissolve but very sparingly in boiling water. It is a 
bibasic acid, and forms two classes of salts. Sodmm-hydrogm cinchmieronate^ 
C’H^NaN’O'^, forms almost colourless prismatic needles, which soon become opaque on 
exposure to the air, dissolve easily in water, but only sparingly in alcohol, 
dvnchom&Toouvte, forms small, brilliant needles, which are easily soluble 

in water and in alcohol, and contain 2 mols. of water of crystallisation, which they 
lose at 110°. Calcitm cinchomeronate has the composition C’H^CaNO* + 3H^O 
(Hoogewerff a. van Dorp). 

The fifth known modification of the acid C®H*N(COOH)- is obtained by oxida- 
tion of quinoline (from coal-tar) with potassium permanganate. It crystallises in 
short shining prisms slightly soluble in cold, more easily in hot water and alcohol, 
insoluble in ether and in benzene ; they blacken when heated, and melt at 222°-225°, 
which is nearly the melting point of nicotinic acid (p. 1392) ; a circumstance which, 
together with the previous blackening, renders it probable that the dicarhoxylic acid 
is converted by heating into a monocarboxylic acid. The harium salt of this pyridine- 
dicarboxylic acid, C’^H^NO^Ba, and the sdver salt, C^'H^NO^Ag^, are gelatinous pre- 
cipitates which become crystalline when heated for some time in a water-bath. The 
calcium salt when heated gives off an odour of Dippel’s oil (Hoogewerff a. van Dorp, 
Her. xii. 747 ; xih. 61). 

Cinchonine-quinoline, oxidised by potassium permanganate, also yields a pyridine- 
dicarboxylic acid, which appears to be identical with that just described. It is 
sparingly soluble in cold water, and the aqueous solution gives with ferrous sulphate 
a reddish-yellow coloration, with copper acetate a pale blue precipitate, and with silver 
nitrate a precipitate soluble in hot water (W. Koenigs, Ber. xii. 983). 

Pyridine-tricarboxylic i^cid, = 0®H“N(C00H)®. An acid of this 

composition is obtained by oxidation of quinine, qninidine, and cinchonidine. When 
quinine sulphate is oxidised at boiling heat by potassium permanganate in alkaline 
solution (8'5-9*5 g. KMnO*^ to 16 g. dry quinine sulphate), from 22 to 26 per cent, of 
its carbon is obtained as oxalic acid, and from 41*2 to 43*4 per cent, of its nitrogen as 
ammonia; and the resulting liquid contains, besides other nitrogenous bodies, a 
quantity of the acid C®H®NO®, amounting to about 15 per cent, of the quinine sulphate. 
This acid retains,! mol. crystallisation-water at 100°, which it gives off at 120°. It 
blackens at 190°, and melts at 244°. It is sparingly soluble in cold water, easily in 
hot water and alcohol, almost insoluble in ether and in benzene. Heated with lime 
in excess, it gives off the odour of the bases from Dippel’s oil. Its barium salt, 
(C®H^NO®)*Ha®, is nearly insoluble in water, and is obtained on adding barium acetate 
to a cold aqueous solution of the acid, as an amorphous precipitate, which is converted 
into a mass of small needles when heated in the liquid. The calcium salt, 
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Pyridine-dicarboccy lie Acids. 


a /3 y 


Crystalline Fo7'ms : 

Hair-like needles, changing in Granular microscopic Spear-shaped crystals, 
the mother-liquor to plates octohedrons. 
resembling naphthalene, and 
then to short prisms. 

Solubility : 

Moderately soluble in water. Soluble with difficulty in Moderately soluble in 
More soluble in alcohol. water. More soluble water. Easily soluble 

Easily soluble in ether. in alcohol. Sparingly in alcohol and ether. 

soluble in ether. 

decomposing point, 237’5°. 244°-245°. | 241°-245°. 

Salts : 

Ammonium Salt — Small soluble Moderately soluble Soluble needles, 
plates. needles. 

Calcium Salt. — Contains no Contains 2H-0. Micro- Contains 2H20. Small 
water. Sparingly soluble. scopic needles. Spar- plates. Sparingly solu- 
Small needles, ingly soluble. ble. 

Bariwu Salts. — N'eutral salt. Slightly soluble. Soluble. 

Contains H^O, and resembles 
the calcium salt. 

Acid Salt. — Very sparingly — 

soluble. 

Potassium Salts. — 'N’eutral salt. Soluble. Soluble. 

Very soluble. Contains 

Acid Salt. — Globular masses, — 

consisting of tufts of needles 
radiating from a common 
centre. 

Lead Salt. — Short prisms. White crystalline preci- White crystalline preci- 

Sparingly soluble. pitate. pitate. 

Copper Salts.— (1). Light blue Light blue precipitate. Whitish-blue precipitate, 
needles. (2). Dark blue 
prisms. 

Silver Salts. — (1). Neutral Very sparingly soluble Very sparingly soluble 
Salt :--Bulky, white, insolu- crystalline precipitate. crystalline precipitate, 

ble, gelatinous precipitate. 

(2). Acid Salt. — Ditto. — 

With Ferric Chloride. — No White flocculent preci- White flocculent precipi- 
change of colour; a precipi- pitate, turning like tate, changed to fernc 

tate, eyen after addition of ferric hydrate on ad- hydrate by ammonia, 

ammonia. dition of ammonia. | 

Copp^ Sulphate.~^o precipi- Whitish-blue precipitate. [ Whitish-blue precipitate. 

Methyl Ether. — Thick isolated Deliquescent needles. j 

crystals. I 

Crystalline mass. Crystalline' mass. Crystalline mass 

Melting point, 60*5°-61® Melting point, 49°. Melting point, *88°-89° 

Boiling point, 284°. Boiling point, 269°- Boiling point, 265° 

270°. ^ 
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(C®H“NO®)'Ga* is sparingly soluble in water, and crystallises in concentric groups of 
small needles. The normal silver salt, C®H-NO®Ag*, precipitated from a solution of 
the acid neutralised with ammonia, appears to be amorphous. An acid silver salt, 
C“H-'’NO®Ag-, is thrown down from the aqueous solution of the acid as an amorphous 
precipitate, which afterwards becomes crystalline. The normal fotassiim salt, 
crystallises in white lustrous laminae. The solution of the acid gives 
with cu]^rie acetate a light blue amorphous precipitate ; with hasio and normal lead 
acetate white precipitates (Hoogewerff a. van Dorp, Ber, xii. 158). 

Berberonicacid, obtained by oxidising berberine with nitric acid, has also the 
composition of pyridine-tricarboxylic acid. To prepare it, berberine is heated with 
eight to ten times its weight of nitric acid, and the resulting solution is concentrated, 
a crystalline mass then separating out on cooling. The acid is further purified by 
crystallisation from hot water and conversion into the calcinm salt, which separates 
from the hot aqueous solution as a crystalline precipitate. The filtrate from the 
calcium salt has a yellow colour, and contains the salt of an acid which forms an 
insoluble silver salfr> and may be separated therefrom in woolly needles ; it has not 
been further investigated, as it occurs in very small quantities only (Weidel, Ber. xii. 
410), 

Berberonic acid, obtained by decomposing the calcium salt with an acid and 
crystallisation from hot water, forms groups of shining, transparent, prismatic 
crystals, which become opaqne on exposure to the air. It is sparingly soluble in cold, 
easily in hot water ; alcohol dissolves it but sparingly, and it is insoluble in ether, 
benzene, and chloroform. It has an acid taste, decomposes carbonates, and is decom- 
posed by heat. "When crystallised from dilute aqueous solutions, it forms triclinic 
prisms, which have the composition -h 2BL-0, and on exposure to air lose 

1 mol. of water and become opaque. The aqueous solution of berberonic acid, like 
those of oxycinchomeronic acid (p. 484) and pyridine-dicarboxylic acid, gives, with 
ferrous sulphate, in the absence of a stronger acid, a deep red coloration. 

Calcium herberonate, (C®H-NO®)^Ca® + 4H-0, prepared by treating the ammo- 
niacal solution of the acid with calcium chloride, separates out in white shining 
needles, which after one crystallisation are insoluble in water. The cadmium salt, 
(C®H-N0®)^Cd^ + 2H-0, crystaUises in shining branching needles, and is sparingly 
soluble in water The silver salt, C^H-JSTO^Ag^ is obtained as a white crystalline pre- 
cipitate. The calcium salt, distilled with lime, yields pjrridine, together with other 
products : SCO- -h When the acid is fused with potash, ammonia 

and hydrogen are evolved, and potassium cyanide and acetate are foimed. 

Berberonic acid closely approximates in percentage composition to the so-called oxy- 
cincbomeronic acid, which, as already observed, it also resembles in its reaction with 
ferrous salts. The following table gives a comparative view of the observed properties 
of these two acids : 



Oxycincliomerouic | 

Berberonic 

Crystalline form . 

Water of crystallisation 

Calcium salt 

Cadmium salt 

Orthorhombic. 

1084 per cent.; does not i 
effloresce. 

Cauliflower-like crusts ; 25 ’3 
per cent, water. 

White crystalline powder ; 
12*2 per cent, water. 

Precipitated by copper ace- 
tate in the cold. 

Triclinic. 

14-57 per cent. ; effloresces 
quickly. 

Pine, flexible needles; 21*1 
per cent, water. 

' Needles having a satiny lus- 
! tre; 8*73 per cent, water, 
i Precipitated only when hot, 

1 the precipitate redissolving 
j on cooling. 


PYROCATBCHOX^ or CilTSCKO^, C®H‘‘(OH)- [1 : 2]. Pyrocatechin (see 
Nommiolature, p. 1420). — This modification of dihydroxybenzene is formed: a. By 
the action of melting potash on orthochlorophenol (vii. 906). By the dry distilla- 
tion of protocatechuie acid (Tiemann a. Haarmann, Ber. vii. 608) : 

C«H3(002H)(0H)(0^ - CO^ + C«H^(ok)(OH). 

The resolution of protocatechuie acid into carbon dioxide and catechol takes place 
also by putrefaction in contact with pancreas. An infusion of the leaves of Amyelo^sis 
hederacea left in contact with pancreas also yields catechol. Moreover, when proto- 
catechuic acid is given to animals in their food, part of it is resolved in the organism 
into CO- and catechol, which passes into the urine in the form of a sulphonic acid. 
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The urine of a rabbit fed on milk diet was free from catechol, but after addition of an 
infusion of Ampelopsis hederacea, catechol was found in the urine. 

The following method of preparing catechol from guaiacol (methyl-catechol) is 
given by Baeyer (Ber, viii. 155), the material used being the portion of Ehenish beech- 
tar creasote which distils at 200°-205°. The guaiacol, under the influence of dry 
hydrogen iodide at 195^-200®, splits up completely into catechol and methyl iodide. 
The operation is stopped as soon as red streaks show themselves on the sides of the 
glass, and the evolution of methyl iodide ceases. The residue is then fractionated, 
and the portion which distils between 220^^ and 250° is crystallised. By this process 
I kg. beech-tar creasote yielded 46 g. catechol. The smallness of the product is per- 
haps due to the presence of liquid phenols in the impiu’e guaiacol employed. 

The purification of catechol is best effected by recrystallisation from anhydrous 
benzene, in which it is much more soluble than resorcinol ; the solution on cooling 
deposits it in perfectly colourless highly lustrous laminae melting at 104° (Fittig a. 
Mager, Ber. viii. 365). 

Bitroeatechol, C®H®(ls[0^)(OH)^, is formed by the actio4 of nitrous acid in 
aqueous solution on catechol. 4 g. catechol and 20 g. commercial potassium nitrite 
are dissolved in 120g. water; dilute sulphuric acid is added as long as effervescence is 
thereby produced ; the dark brown-red liquid is shaken as rapidly as possible with an 
equal volume of ether ; and the residue left after the expulsion of the ether is purified 
by recrystallisation from benzene. Nitrocatechol thus obtained forms very small 
woolly needles easily soluble in water, alcohol,^ and ether, sparingly in benzene, melt- 
ing at 157° (uncorr.), and decomposing at a higher temperature. In potash-ley it 
dissolves with fine purple colour, and the reaction is so delicate that nitrocatechol 
might be used as an indicator in titration. Normal hariim-nitvocateohol^ 
C^H®(N0)-0^Ba,SH'0, forms dark-red metallically lustrous laminae, very sparingly 
soluble in water even at'the boiling heat. At 130° they give off their water of crys- 
tallisation and assume a dark green colour, but do not lose their metallic lustre. The 
acid barium salt is much more soluble, and has not been obtained in the crystalline 
form. 

Nitric acid completely decomposes nitrocatechol, with violent evolution of gas. 
By tin and hydrochloric acid it is converted into ami do catechol, the hydrqchloride 
of which crystallises from dilute hydrochloric acid in long needles ; the free base 
separated from this salt by alkalis oxidises immediately on exposure to the air, and 
dissolves with dark violet colour. By the action of nitrous acid on catechol in ethereal 
solution, another nitro-derivative is formed, which dissolves but sparingly in water, 
volatilises with water-vapour, and separates in yellow drops which soon solidify. 

I}ibro77iodimethylcatechol^ or Bihromoveratrol, C^H^Br^O-, is contained in tlie red 
resin which is formed by the action of bromine on veratrie acid. When crystallised 
from dilute alcohol, it forms hard shining prisms which melt at 8S°-84°, are insoluble 
in water, but dissolve readily in alcohol and ether. 

NitrodimethyUcaiechols. See Veeateols (Niteo-). 

Gatecholsulphonic acids. — Two of these acids, C®H'‘(OH).0.-SO^H and 
C‘’H‘‘(O.SO^iI)2, are obtained as potassium salts by the action oi potassium pyro- 
sulphate on a solution of catechol in potash-ley ; 

Z2S=0^ + C«H‘*(OH)(OZ) = K^SO^ -i- C^R%011)(OBOni) 

and 

+ 0'H<{OH)(OK) = 2K“SO< + 

To prepare these salts, 20 pts. of catechol are added to a solution of 20 pts. potassium 
hydroxide in 25 pts. water, and the cooled mixture is agitated for several hours with 
45 pts. potassium pyrosulphate, then heated on a water-bath, and exhausted with not 
more than an equal volume of absolute alcohol, whereby the catecholdisulphonate is 
separated, while the monosulphonate remains in the mother-liquor. Potassium 
catecholdisulphonate is a crystalline powder, insoluble in absolute alcohol ; its aqueous 
solution gives no colour-reaction with ferric chloride. The monosulpkate crystallises 
on evaporation of its ethereal solution in shining laminse easily soluble in water ; its 
aqueous solution gives a violet coloration wdth ferric chloride (E. Baumann Ber xi 
1907). 

PTROCHXiORXi. On a variety of pyrocblore from the limestones of the 
Kaiserstuhl-range. see Ivoppite (p. 1158). 

PTItOCHROITE, MnH^O-. This mineral occurs, together with manganosite, 
in a porous limestone rock in the Mossgrube, Wermland, Sweden (Siogren, Jahrb f 
Mm. 1877, 638). w s > j 
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^ytROCmcnomc ACXB, OH«0* Weidel obtained this acid by the dry 
distillation of cincbonic acid (p. 485), and assigned to it the formula Sub- 

sequent experiments have, however, shown that the formulae originally assigned to 
this acid, and to cinchonic and cinchomeronic acids, were incorrect, and that the true 
reactions between these acids are represented by the formulae : 

C^H^NO^ + H^O + H2 = NH» + 

Cindiomeronic Cincliomc 

acid. acid. 

=: C02 + C«H®0» 

Cinclioiiic Pyrocinciionic 

acid. acid, 

Pyrocinchonic acid crystallises in pearly rhombic plates, has a sweet taste and alkaline 
reaction, melts at 90°, boils at 214° (uncorr.) Its vapour-density by experiment is 
4-16 ; by calculation for C®H®0®, 4-35 (Weidel a. von Schmidt, Ber. xii. 1146). 

PTBOCXTUXC ACXB. See Citeic Acid (pp. 511-518). 

PirBOGAX.X.OX., 0«H3(OH)^ Byrogallw acid, Oxidatmi, ---'WhQn a solution of 
pyrogallol, mixed with sodium phosphate, is exposed to the air, carbon dioxide is 
evolved, and pyrogailoquinone, is formed, identical with that which 

W’ichelhaus obtained by dissolving quinone in pyrogallol (vii. 1030). This compound 
may be separated by ether from two other bodies formed in the reaction, one of these (an 
acid) being taken up by ether only after the mixture has been acidulated, and the 
other being nearly insoluble therein. An action similar to that of the phosphate, but 
less energetic, is exerted by the alkali-salts of weak acids, such as acetic and boric 
acids. Sodium thiosulphate effects rapid oxidation, but only as a carrier of oxygen ; 
ammonium sulphate, magnesium sulphate, and potassium iodide exert but a feeble 
action ; the chlorides, nitrates, and sulphates of potassium and sodium none at all. 

On the oxidation of pyrogallol by czone, see vii. 1029, 1030. 

Pyrogallol absorbs nitrogen dioxide and cyanogen^ forming with the latter the 
compound C®H®0®.CN, which decomposes gradually at ordinary temperatures, and 
more quickly at 100°, yielding a brown-red resinous residue, soluble in alcohol, and 
sublimable in needles probably consisting of pyrogallol. 

Beaction with Alkalis and Alkaloids. — Water containing an alkaline carbonate or 
an acid carbonate of calcium or magnesium gives in a few minutes, after addition of 
pyrogallol, a copious black precipitate. Alkaloids form with pyrogallol more or less 
brown solutions which give a black precipitate with mercuric chloride, A solution of 
mercuric chloride and pyrogallol in alcohol may therefore be used as a test for distin- 
guishing plant-bases from gliicosides, bitter principles, &c., more or less resembling 
them. A solution of 0-5 grm. pyrogallol in 6 c.c. water and 5 c.c. alcohol, mixed with 
O' 0001 gsm. ferric chloride, colours crystals of organic bases blue, whereas glucosides 
are not altered by it. Similar results are obtained with a solution of 'pyrogallol and 
cityric chloride (Schlagdenhauffen, Bharm. J. Trans. [3], iv. 772). 

On the reaction of Pyrogallol with Irm salts, see "vli. 1029. 

Beaction with Bicnc Acid and Boiassium Cyanide. — On mixing very strong solutions 
of pyrogallol (5 grms.), picric acid (10 g.), and potassium cyanide (20 g.), a salt is 
formed very much like potassium isopurpurate, but apparently less disposed to crys- 
tallise. Acids throw down from this solution a purple precipitate ,* copper, calcium, 
ahd barium salts a purple red or leather-coloured precipitate. Stannic chloride pro- 
duces a light crimson coloration. Ferrous sulphate forms with the solution of this 
salt a red liquid which, on exposure to the air, deposits a dirty-green precipitate. 
The solution of the salt decomposes slowly on standing, more quickly at the boiling 
heat, wdth separation of a purple precipitate nearly insoluble in water and in cold 
alcohol. Potassium ferricyanide, added to the solution of the salt, throws down green 
flocks which dissolve, with apparent decomposition, when washed with water, and 
dissolve with green colour in alcohol (J. Walz, Amer, Ch&m, 1874, iv. 214). 

Beaction with Nitrogen Bioxide. — According to Eussell a. Lapraik {Chem. Soc. J, 
xsxii- 35), a solution of potassium-pyrogallol absorbs 58 to 59 vol. p. c. of nitrogen 
dioxide when left in contact with it for twelve to fifteen hours. A solution of the 
same salt, saturated with oxygen, absorbs 76 per cent. Solution of potassium hydroxide 
absorbs 75 to 77 per cent, of the dioxide. Pyrogallol produces no alteration either in 
dioxide or monoxide of nitrogen. Potassium-pyrogallol does not act on the monoxide. 

On the action of Bromine in presence of Water on Trihromopyrogallol, see vii. 1031 ; 
also X-^NTHOGAntoL in this volume. 
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I^yrogallic Ethers. 


Bimetbyl PyrograUate, C‘*H^(OH)(OCH2)2 (A. W, Hofmann, Ber. .\i. 333). 
This ether occurs in beech-tar oil, and is the constituent from which ceclriret or 
coerulignone (i. 818 ; vii. 376 ; viii. 648) is produced. To isolate it, the portion of 
heech-tar oil which boils at 250°-270 was treated with benzoyl chloride, and the 
crystalline product (m. p. 107°-110^) thereby obtained was decomposed by an alkali. 
The oil thus obtained, boiling between 250° and 265°, yielded on cooling splendid 
white prisms of dimethyl pyrogallate, melting at 51°-52°, boiling constantly at 253°, 
and resolved by heating with hydrochloric acid into methyl chloride and pyrogallol. 
The ether may be prepared by heating for four or five hours at 150°- 160°, a mixture 
of 1 mol. pyrogallol, 2 mols. potassium hydroxide, and 2 mols. methyl iodide dissolved 
in methyl alcohol. 

The conversion of the dimethyl pyrogallate into cedrire|" may be effected by 
various oxidising agents, viz. chlorine, bromine, iodine, nitric acid, ferric chloride, 
potassium ferricyanide, but not by atmospheric oxygen or ozone, and it succeeds best 
with potassium dichromate in glacial acetic acid, or by adding hydrochloric acid to a 
hot solution of the ether in soda-ley mixed with potassium di chromate. It appears 
most probable that an intermediate product, not yet isolated, is formed in the first 
instance, and then converted by further oxidation into cedriret or coerulignone. 




(OCH3)2) 

0 ) 


0«H=— 


(OCff)= 

0 


Stbyl Pyrogallates and tbe Cedriret of tbe XSthyl Series (Benodikt, Ber. 
ix. 125; Hofmann, Ber. xi. 797). Benedikt finds that pyi’ogallol cannot be ethylised 
by means of ethyl iodide, even when an alcoholic solution of the two bodies is heated 
in a sealed tube at 120°. The mono- and di-ethylic ethers may, however, be prepared, 
both from pyrogallol and from tannin, by the method adopted by Gorup-Besaru‘Z for 
the preparation of guaiacol (ii. 653). For this purpose the requisite quantities of 
potassium hydroxide and potassium ethylsulphate are introduced into a champagne or 
soda-water bottle, and 30 grams of pyrogallol and about 300 c.c. of absolute alcohol 
are added. The bottle is then tightly closed, and heated for twenty-four hours in a 
water-bath. When the action is over, the product is supersaturated with sulphuric- 
acid, and shaken with ether ; the ether is then removed by distillation ; the thick oil 
which remains is washed with water and distilled ; and the distillate, whicli is a 
mixture of the solid mono- and the liquid di-ethylic ether, is separated into its two 
constituents by pipetting. Hofmann, by proceeding in a similar manner, using 1 mol. 
pyrogallol, 3 mols. potassium hydroxide, and 3 mols. potassium ethylsulphate, has 
obtained all the three ethylic ethers of pyrogallol. To separate them from the crude 
product, the alkaline liquid is saturated with hydrochloric acid, the alcohol then 
removed by distillation in the water-bath, and the dry strongly coloured residue well 
shaken with ether, which, on evaporation, leaves a dark brown oil having a strong 
odour of beech-tar. This oil may he freed from unaltered pyrogallol by washing with 
an equal volume of water, and then treated with soda-ley, whereupon the mono- and 
di-ethylic ethers dissolve, while the triethylic ether remains undissolvecl. If the 
mixture of the three ethers be treated with an insufficient quantity of soda-loy, only 
the monethylic ether passes into solution. 

Monethyl Pyrogallate, C«H»(OH)2(OC='H0, forms crystals melting at 95°, 
very easily soluble in alcohol and ether, sparingly soluble in cold, more freely in hot 
water. It crystallises from alcohol in hard needles, from water in small slender 
needles ; volatilises with vapour of water (Benedikt). 

Biethyl Pyrogallate, C®H^(OH)(OC^H^)2, was described by Benedikt as a 
liquid which did not solidify at - 10°, volatilised with vapour of water, and resembled 
the monethylic ether in its relations to solvents. According to Hofmann, however it 
separates from very dilute alcohol in crystals which melt at 79°. When dissolved in 
glacial acetic acid, and treated with potassium di chromate, it is converted into ethyl- 
cedriret, or rather the cedriret of the ethyl-series: 


C20H24O6 




This compound is insoluble in water and in ether, soluble in alcohol, and crystallises 
in long thin crimson needles, which have a bluish-green shimmer like that of can- 
tharides, become light red when dried or pulverised, and dissolve with cornflower-blue 
colour in strong sulphuric acid. Hydrocthylcedriret or Tetretoxy-dihydroxydiphenyl, 
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(OH)(OC2H^)'H3®H® — C®HXOC-H“)^OH), formed by the action of sulpburons acid on 
ethyl-cedriret, melts with decomposition at 176°, is insoluble in water, easily soluble 
in ether, and is converted by oxidising agents into cedriret. 

Triethyl Pyrogallate, crystallises in long needles melting at 

39°, resembles the two preceding in most of its physical characters, but is not dis- 
solved by soda-ley (Hofmann). 

Ethylene Py rogallate, C*H®0® = C®H®(OH)<^q^C 2H^ (Magatti, Ber. xii. 1 860), 

is prepared by heating 2 mols. pyrogallol, 3 mols. ethylene bromide, and 6 mols. 
potash with ethyl alcohol at 100° for fifteen to twenty hours ; and may be separated 
from the product by acidifying with hydrochloric acid and extracting with ether, the 
ethereal extract yielding it on rectification as a colourless, heavy, strongly refractive 
liquid having a burning taste, and the odour of beech-wood tar ; it boils at 267°. It 
resembles the phenols in its properties, forming crystalline compounds with alkalis, 
benzoic chloride, and bromine. The benzoyl compound^ C®H^0*(0C^H*0), is a white 
crystalline substance, easily soluble in boiling alcohol and ether, melting at 109°. 
The bromo-compound crystallises from glacial acetic acid in transparent tables melt- 
ing at 67°. 

Monetbylene pyrogallate is easily oxidised by ferric chloride and potassium 
dichromate; but the oxidation-product is apparently not uniform in composition. 
It is not dissolved but blackened by sulphnric acid, and therefore differs from the 
class of compounds to which cedriret belongs. 

Simultaneously with the ethylene pyrogallate there is formed a compound which is 
insoluble in alkalis, soluble in alcohol and ether, separates from the former in ill- 
defined crystals melting at 83°, and apparently having the composition 

Methyl-pyrograllol, C^H^O^==C®H^(CH®)(OH)^ The di methyl ic ether of this 
phenol is obtained, together with those of pyrogallol and propyl-pyrogallol, by treat- 
ing the crude mixture of pyrogallic ether extracted from beech-wood tar (p. 1710) 
with benzoic • chloride. The resulting benzoyl-compounds are separated by fractional 
crystallisation; that of methyl -pyrogallol melts at 118°-119°, and is resolved by 
potash into benzoic acid and dimethylie methylpyrogallate^ C®H-(CK®)(OH)(OCH®)''^, 
which melts at 36° and boils at 265°. This ether, heated at 150°-160° with strong 
hydrochloric acid, yields methyl chloride and methyl-pyrogallol, which is soluble 
in water, melts at 129°, and volatilises unchanged. It bears a strong resemblance to 
pyrogallol, its alkaline solution turning brown on exposure to the air (Hofmann, Per, 
xii. 1371). 

Propyl-pyrogallol, C®H'“0®s=C®H2(C®H‘)(0H)*. The dimethylie ether of this 
compound, C“H^®0^ = C®HXC®H^)(OH)(OCH^)-, constitutes the portion of beech-tar 
oil which boils at 285°. Treated with acetic anhydride, it yields an acetyl-derivative, 
C^^H^^(C"H^O)0^, which melts at 87°, is insoluble in water, crystallises from alcohol 
in white prisms, forms with bromine a cl ibromo- derivative, C*^H^^Br^(C-H®0)0®, 
melting at 101’5°-102‘5°, and with benzoyl chloride a benzoyl-derivative melting 
at 91°. 

By heating the oi or its acetyl -derivative with strong hydrochloric acid at 130° in 
a sealed tube, methyl chloride is produced, together with propyl-pyrogallol, which 
dissolves easily in water, alcohol, and ether, and crystallises in prisms melting at 
79°-80° (Hofmann, Ber. xi. 329). 

Colouring Matters from Pyrogallic Etbers. The formation of cedriret 
from dimethylie pyrogallate has already been mentioned, and further experiments have 
shown that pittacal, the blue colouring matter which Reichenbach obtained from 
the high-boiling portions of w’ood-tar, belongs to the same class of bodies. The process 
by which Reichenbach prepared this body is not known, but Gratzsl, in Hanover, by 
subjecting the higher-boiling portions of wood-tar to a peculiar process of oxidation 
(not yet published), has obtained a brown earthy substance which gives with baryta 
the blue reaction described by Reichenbach. This brown substance has been examined 
by Liebermann {Ber. ix. 334), who finds that the colouring matter, which is present in 
small quantity only, may be isolated by digesting the brown substance with hot acetic 
acid, mixing the filtered solution with excess of neutral lead acetate, treating the 
resulting precipitate with hydrogen sulphide, and exhausting the washed lead sulphide 
with warm alcohol, which dissolves the colouring matter, and leaves it on evaporation 
as an orange-red crystalline powder. 

The colouring matter is soluble in alcohol and acetic acid, forming brown solutions. 
Alkalis dissolve it with purple, ammonia with blue colour, forming solutions from 
which carbon dioxide throws down blue salts soluble in pure water. In the alkaline 
solutions calcium, magnesium, barium, and tin salts produce blue precipitates, often 
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having a beautiful golden lustre. The calcium and magnesium precipitates are soluble 
in pure water. Hydrochloric and strong sulphuric acids dissolve the substance with 
red colour : the latter solution turns pure blue on warming. The pure orange-coloured 
substance acquires a deep golden lustre when moistened with strong mineral acids. 
In acid solution it dyes animal fibres orange ; in ammoniacal solution, especially with 
tin mordant, blue-violet. The substance is free from nitrogen, and contains, as shown 
by three concordant analyses, 63*6 per cent, carbon, and 5*6 per cent, hydrogen. 
Liebennann calls it eupittone, and regards it at least closely allied to Heichenbach’s 
pittaeal. 

Experiments tending to throw light on the nature of pittaeal have also been made 
by Hofmann {Ber. xi. 1455 ; xii. 1371). The secondary ethers of pyrogallol yield, 
with chloroform and carbon tetrachloride, compounds analogous to those which are 
produced by the action of these same reagents upon phenol, and if the reaction takes 
place in presence of alkalis, blue colouring matters are formed. The best results are 
obtained when dimethylic pyrogallate, mixed with a quantity of alcoholic potash or soda 
sufficient to form a salt, is heated for some hours at 120*^-130° with perchlorethane, 
O^Cl®. A blue compound is then formed, and on evaporating off the alcohol, treating 
the residue with water, and the filtrate with hydrochloric acid, a light red liquid (or 
crimson with excess of acid) is obtained, which on standing deposits brownish-yellow 
needles. On dissolving these crystals in boiling alcohol, and treating the solution 
when cold with twice its volume of ether, a substance is obtained which crystallises in 
long orange-yellow needles ; dissolves easily in glacial acetic acid, and is reprecipitated 
therefrom by alcohol ; bears a heat of 100° without change ; melts at 200°, and 
decomposes partially yielding a blue sublimate, This substance is a weak acid, form- 
ing with the alkali-metals blue salts which are soluble in water, and arc precipitated 
from aqueous solution by an excess of alkali or alkali-salt. It dissolves in sulphuric 
acid, forming a red solutiou which becomes blue when heated, and red again on addition 
of water. This substance has the composition and is identical in composition 

with Liebermann’s eupittone, as the following comparison will show : 

Analyses : 



Calculation 

Liebermann 

Hofmann 


. 300 63-83 

63-6 

33-4 


. 26 ■ 5-53 

6-6 

6-7 

O*’ 

. 144 30-64 




470 100-00 




It likewise resembles eupittone in its properties. Hofmann names it oupittonic 
acid. Its formation from dimethylic pyrogallate is analogous to that of rosolio acid 
from phenol . 

3C«H«0 -h CO- = + 211-0 

Phenol. Kosolic acid. 

3C8H^®03 -f- C02 =:= + 2H20 

Dimetliyl Eupittonic 

pyrogallate. acid. 

It is known indeed that perchlorethane, when heated with alkalis, is converted into 
oxalic acid, and this acid splits up under certain circumstances, yielding CO and CO^. 

Eupittonic acid (pittaeal) may be regarded as hexmethoxyl-rosolic acid, 
C^®H®(OOH*)®0®. Attempts to replace the six methoxyl-groups by hydrogen resulted, 
however, only in the production of pyrogaUol. Its relation to rosolic acid is, how- 
ever, better shown by its behaviour when heated with alcoholic ammonia in sealed 
tubes at 160°-170°, whereby it is converted into hexmethoxyl-rosanilin e, 
0*®H“(OCH^)®N^, a blue solution being formed, which on cooling deposits the bex- 
methoxylated base in broad colourless needles containing, like those of rosaniline, 
1 mol. of water (see Rosaniune). 

The sodium-derivatives of dimethylic pyrogallate and dimethylic methylpyrogallate, 
C^H®(OOH^)^(ONa) and C®H2(CH^)(OCH^)^ONa, which are best obtained by adding soda 
to the alcoholic solutions of these ethers, may be heated separately in an open vessel 
without forming a trace of pittaeal ; but when a mixture of the two with excess of 
soda is heated, pittaeal is formed, sometimes to the extent of 10 per cent, by weight of 
the mixed ethers. On treating it with water, the mass dissolves, forming a deep 
indigo-blue solution. On adding hydrochloric acid, the solution becomes carmine-red, 
and deposits a resinous mass which when purified furnishes eupittonic acid (pittaeal) 
in beautiful crystals. The pittaeal may also be extracted from the acidified solution 
with boiling benzene, unaltered pyrogallate having been« first removed by agita- 
tion with ether. The quantity of colouring matter formed is not increased by the 
addition of oxidising agents, chiefly on account of the extreme ease with which these 
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agents convert dimetliylic pyrogallate into cedriret. The reaction may be thus repre- 
sented : 

2C8H100^ + = C25H260® -}■ 3H2, 

and may be compared with that by which rosaniline is produced from aniline and 
tolnidine ; 

2Gmm + + 3H2. 

In the former case the oxygen necessary to remove hydrogen is derived from the 
atmosphere, as may be proved by attempting to conduct the reaction out of contact 
with air. 

Eupittonic acid appears to be bibasie. Its alkali-salts are blue with green reflex. 
The ammonium salt is decomposed when its solution is boiled, and after a time crystals 
of pittacai are deposited. In virtue of the intensely blue colour of the alkaline com- 
pounds of pittacai, paper steeped in a solution of it and dried, flirnishes an exceedingly 
sensitive test for frey alkalis, but its utility for this purpose is considerably lessened 
by the fact that hydrochloric acid also colours it blue. 

When boiled with acetic anhydride, eupittonic acid yields a yellow diaeetyl deriva- 
tive, which strangely enough is insoluble in alkalis, although its molecule ought still 
to contain four hydroxyl groups. 

A homolo^e of eupittonic acid, (which has not been analysed), was pre- 

pared by heating dietk^lw fyrogallaU and dimethylic methyljpyrogallate with soda. It 
differs from its prototype in being soluble in ether and less easily crystallisable, and 
in the iziferior stability of its ammonium compound. It also forms a triamine when 
heated with ammonia, probably a dimethoxyUtetrethoxyl ^ararosmiiline : 

Ci®H'H0Me)2(0Et)^N«.H20. 

FTSOaaUiOQTTliroil'E, This compound, 

which Wichelhaus obtained, together with quinol, by dissolving qninone in pyrogallol 
(vii, 1030), according to the equation 2C®H^O"+ 2C‘^H®0''*=:C®H®0- + is also 
produced by oxidation of pyrogallol in the air in presence of sodium phosphate (p. 1709), 
and may be separated by agitation with ether from two other bodies formed at the 
same time, one of which (an acid) dissolves in ether only after aeidiilation of the 
mixture, while the other is nearly insoluble in ether. To prepare the qninone in 
considerable quantity, 10 grams of pyrogallol are mixed with 25 g. sodium phosphate 
and 250 c.e. water, and the whole is heated to 50*^, and agitated for half an hour in 
an apparatus constructed for the purpose. 

Pyrogalloquinone is sparingly soluble in water, somewhat more soluble in alcohol, 
still more in ether, chloroform, and sodium phosphate. It reduces Eehiing’s solution 
and silver nitrate. Its aqueous solution gives a blue-violet precipitate with ferrous 
salts, red-brown precipitates with copper and lead salts, and produces a dark colour 
with ferric chloride. The blue colour which Wichelhaus observed on treating pyro- 
galloquinone with alkalis is produced only in presence of free oxygen (0. Loew, J. jpr, 
Chem. [2], xv. 322). 

PVROGXIN'TXSXC ACZB, G®H®0-. This substance, obtained by the action of 
heat on gentisio acid, the colouring matter of gentian root (p. 860), and at first sup- 
posed to be isomeric with quinol (hydroquinone), has since been shown to be identical 
therewith, the error having arisen from incorrect determination of the melting point 
of quinol, which is now known to melt at 169°. In like manner, gentisic acid has 
been shown to be identical with hjdroxysaliejlic acid (m. p. 196°~197°) (Hlasiwetz 
a. Habermann, Liebig's Annalen, clxxx. 343). 

PlTHOXiUSZTXSs MnO-. Analyses of this mineral have recently been published 
by Phipson {Chem. JSf&ws, xxxiii. 243), Muir {ibid. xxxv. 6), and by Wright a. Luff 
{Chem. 8oo. J. xxxv. 518). 

PITROMAHZC ACZD. See Pimaeic Acid (p. 1626). 

PlTROS^BCi^ZOl^ZC .acxz>. See the next article. 

PYROMBCOWZC .A.CZB, (Ost, J. pr Chem. [2], xix. 34 and 177. 

Ihlee, Liebig's Annalen^ clxxxviii. 31). This acid, isomeric with pyromucic acid, is 
formed from meconic acid, G^RO", by elimination of 2 mols. 00^. It crystallises in 
large brilliant prisms, easily soluble in water and in alcohol, less soluble in ether and 
in chloroform ; volatilises completely at 100° ; boils at 225° (Ost) ; melts at 121*5°, 
and boils at 227°--228° (Ihlee). In contact with excess of alkali it readily oxidises, 
even without warming, producing formic acid (Ost). On boiling it with baryta- water, 
the liquid turns red and brown, and deposits a precipitate of barium carbonate, and 

VoL. vni. 5 s 
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the aqueous distillate yields drops of an oil which reduces silver salts (perhaps an 
aldehyde). The residue of the distillation contains barium formate (Ihl4e). 

Ppomeconic acid unites with hydrochloric and sulphuric acid. When gaseous 
hydrochlorio acid is passed over it, only a very small quantity is taken x^p, but on 
mixing the ethereal solutions of pyromucic acid and phosphorous chloride, white 
needle-shaped crystals quickly separate, having the composition C^H®0‘‘^.0H,HCl. 
This compound is resolved into its constituents by alcohol or water, and slowly by 
moist air. The corresponding sulphate, (C^H®02.0H)2H‘S0\ separates in prismatic 
crystals from a mixture of 1 mol. pyromeeonie acid in ethereal solution and less than 
1 mol. sulphuric acid ; if the two acids are mixed in equal numbers of molecules, 
needle-shaped crystals separate, having the compound 

Pyromeconates. Besides the normal salts of the general formula pyrb- 

meconio acid forms acid salts, C^H^M03.G^H‘‘0^ which easily part with a molecule of 
pyromeeonie acid ; both series of salts crystallise well and have an acid reaction. 
The normal potassium salt, is prepared by mixing excess of potash with a 

concentrated solution of the acid ; if a somewhat dilute solution be used, the acid is 
oxidised, with production of formic acid (Ost). Ihlee prepares the salt by mixing a 
hot alcoholic solution of the acid with alcoholic potash, the salt then separating on 
cooling as a crystalline pulp. The normal sodium salt has not been obtained ; the 
acid sodium salt, is formed on mixing the alcoholic solixtion of the 

acid and base. An ammonium salt of uncertain composition, and easily undergoing 
decomposition, with reproduction of the acid, is formed on mixing alcoholic solutions 
of the acid and ammonia ; if aqueous solutions are used and much ammonia is added, 
pyromeeonie acid alone crystallises out (Ost). The acid barium and calcium salts, 
(C^®H^O“)“M"= (C^H‘'’0®)“M",2G‘'^H'‘0®, are obtained by boiling the respective carbonates 
with a solution of the acid till the liquid becomes neutral ; on longer boiling, decom- 
position takes place. The copper salt, (G'’H^O”)“Cu, crystallises in green silky needles 
(IhUe). 

No ethereal salts of pyromeeonie acid have been obtained. Acetylpyromeoonic acid, 
C®H®(C2H^0)0^ is easily prepared by heating the acid with acetyl chloride, and crys- 
tallising the product from absolute alcohol; it forms colourless prisms melting at 91*^, 
easily soluble in alcohol, water, and chloroform. 

ISTitropyromeconic ilcid, C®HXN02)0®, is formed, with violent reaction,' on 
adding 1 to 1-^ pts. strong nitric acid to 2 pts. pyromeeonie acid dissolved in 6 pts. 
acetic acid, and crystallises from alcohol in small well-defined yellow prisms, very 
slightly soluble in cold water, and decomposed with explosion by boiling water ; in- 
soluble in ether, benzene, chloroform, and carbon sulphide ; dissolves most readily in 
absolute alcohol, acetone, or hot acetic acid. 

The acid is monobasic. Its sodium salt, C^H“(NO“)NaO®, obtained by heating the 
nitro-acid with aqueous sodium carbonate, crystallises on cooling in golden-yellow 
laminse slightly soluble in cold water. It is quickly decomposed by excess of sodium 
carbonate or hydrate, even at ordinary temperature. It explodes with great violence 
when heated, also when moistened with a drop of strong sulphuric acid. The barium 
and calcium salts are obtained by double decomposition as crystalline precipitates. 
The silver salt, obtained by gently warming the aqueous acid with silver nitrite, forms 
orange-yellow crystalline nodules, insoluble in cold water ; its formation serves for 
the detection of very small quantities of the nitro-acid. It is decomposed by water 
slowly in the cold, more quickly when heated, with separation of metallic silver ; it 
explodes when heated alone. 

iLmidopyromeconio iicid, C^H®(NH')0*. The hydrochloride of this acid, ob- 
tained by reducing the nitro-acid with tin and hydrochloric acid, removing the tin from 
the resulting double salt with hydrogen sulphide and evaporating, forms large rhombic 
crystals having the composition G®II^(NH2)0^HG1 + H^O ; and these, when decomposed 
by ammonia in aqueous solution, yield the acid, which crystallises from hot water in 
long needles, easily decomposed by alkalis, but not by water. 

Witrosodipyromeconic iLcid, G*°H.^(N0)0®, is obtained by passing nitrous 
gas (from arsenious oxide and nitric acid) into an ethereal solution of pyromeeonie 
acid. It is very unstable, giving off hydrocyanic acid on exposure to moist air. It 
separates from the liquid as a light yellow precipitate, but cannot be crystallised, as 
the liquids which dissolve it also decompose it. Excess of nitrous acid readily con- 
verts it into nitropyromeconic acid. On warming it with water, nitrous and hydro- 
cyanic acids are evolved, together with carbonic anhydride and other gases, and 
a moderately stable crystalline compound separates, having the composition 
C^H^NO*.C“H^O®. This compound, heated with chloroform, is decomposed, pyro- 
meconic acid going into solution, and oxypyromecazonic acid, C^H^NO'*, re- 
maimug. 
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This last add in its general character resemhles pyromeconic acid ; it is easily 
soluble in hot water, soluble in cold water and in alcohol, insoluble in ether and 
chloroform; crystallises in needles with 1 mol. of crystalline water, occasionally 
also with 2 mols., and in short anhydrous prisms. 

It is readily decomposed by excess of alkali, and by oxidising agents generally : not 
attacked by hydrochloric acid. 

Acid Sodium Oxypyromecazonate, C5H‘*NaNO^,G“H^NO^, separates as a crystalline 
pulp on mixing the free acid and sodium carbonate in the proportions to form the 
normal salt, which appears to he uncrystallisable. The white salt precipitated on 
adding a small quantity of soda to the alcoholic solution becomes deep blue on addition 
of more soda, but dissolves without colour in water. The acid potassimn salt, pro- 
duced like the sodium salt, crystallises in large anhydrous prisms. The normal 
calcium salt, (C^H‘*NO*)-Ca, is formed on mixing either the normal or the acid sodium 
salt with calcium chloride, as an amorphous precipitate which becomes crystalline on 
cooling ; it is very «lightly soluble in water, and when treated with ammonia, in con- 
tact with the air, gradually turns blue. The harium salt, formed like the calcium 
salt, is less stable in contact with the air. The acid thodlinm salt, obtained by pre- 
cipitating the acid sodium salt with thallious sulphate, crystallises in very thin 
colourless anhydrous needles sparingly soluble in water. 

Oxypyromecazonic acid combines with acids as well as with bases. The hydro- 
chloride, G^H^ISrO^HCl, obtained by dissolving the acid in gently warmed strong 
hydrochloric acid, crystallises on cooling in hard crusts (pyromeconic acid crystallises 
from fuming hydrochloric acid without alteration). The crystals, when left over 
quicklime, do not give off a trace of hydrochloric acid, but water immediately resolves 
them into their components. The hydriodide is obtained in like manner, and exhibits 
similar properties. 

JPyroTnecazonic acid, G^H^NO®, isomeric with amidopyromeeonie acid, is pro- 
duced by long-continued action, at a moderate temperature, of tin and hydrochloric 
acid upon the foregoing acid. After removing excess of tin, the liquid is evaporated, 
when a double compound of pyromeeazonic acid and hydrochloric acid, C^H^KO^jHCi, 
crystallises out. This compound is decomposed by water, the solution is evaporated 
to dryness to drive off hydrochloric acid, and pure pyromeeazonic acid is obtained by 
recrysrallising the residue from hot water. Pyromeeazonic acid is but very slightly 
soluble in cold water, almost insoluble in alcohol, and insoluble in ether : it may be 
partially sublimed unchanged. Its salts are unstable, being easily decomposed by the 
oxygen of the air, with production of blue and violet- coloured bodies. It forms 
double compounds with acids, and in its general behaviour resembles oxypyromecazonic 
acid (Ost). 

FirH01M[EX.XiITXC ACXD, The methylic ether of 

this acid crystallises in large plates ; melts at 138^; distils without decomposition; 
and is but sparingly soluble in alcohol, even at the boiling heat (Baeyer, Liebig's 
Annalen, clxvi. 325). 

On the compounds produced by the action of Pyromellitic acid on a-Naphthol, see 
vii. 840. 

PTltOMUCIC ilcXB, G^H^O^. This acid is best obtained by the action of 
alcoholic potash on furfural. This aldehyde, in quantity not exceeding 25 grams, is 
mixed with an equal volume of concentrated alcoholic potash, whereupon the mixture 
becomes very hot, and solidifies in a few minutes to laminge of potassium pyromucate. 
The furfuralcohol formed at the same time is removed, after cooling, by washing with 
ether, and the pyromucic acid is precipitated from the residue by hydrochloric acid. 
The quantity of pyromucic acid thus obtained amounts to 33 per cent, of the furfural, 
whereas the method of decomposition by silver oxide yields only 14 per cent. Dry 
distillation of mucic acid yields but a very small quantity (Limpricht, Liebig's 
Annalen, clxv. 278). 

On the Eeactions and Isomerides of Pyromucic acid, see vii. 1032. On its Consti- 
tution, see p. 836 of this volume. 

Bromine-compounds. Bihromide of Byromucio add, is formed on 

adding bromine to a solution of ethyl pyromucate in glacial acetic acid (E. Schiff a. 
G. Tassinari, Ber, xi. 842) ; and the tetrahromide, 

BrHG OHBr 

C«K^08Br* = I I 

BrHG— 0— OBr.OOOH 

by exposing pyromucic acid to the action of dry bromine-vapour. This compound is a 
white crystalline substance easily soluble in alcohol and ether, sparingly in chloroform 

5s2 
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and light petroleum, insoluble in cold water, decomposed by hot water with evolution 
of 00^ and HBr. It melts with decomposition at 169°~160'^, giving off bromine and 
hydrogen bromide, and yielding an acid body in the form of a sublimate of needle- 
shaped crystals melting at 180°. By reducing agents it is converted into pyromucic 
acid; by oxidation with, chromic acid, into dibromosuccinic acid (Tonnies, Ber. xi. 
1085). 

Teircibro'm'ide of Ethyl Byromiicate, 0^H^Br‘*0®.C00C^H^, is prepared by the action 
of dry bromine vapour on ethyl pyromucate for twelve hours at ordinary temperature, 
treating the product with a small quantity of bromine, and removing the excess of 
bromine with sulphurous acid. It dissolves in chloroform, and separates from the 
solution in colourless crystals which melt at46°-48°, and decompose at a higher tem- 
perature. Sodium-amalgam converts it into ethyl pyromucate (Tonnies). 

Monobromoyyromucio acidy — Two modifications of this acid are 

produced hy the action of alcoholic potash on the dibromide of pyromucic acid, and 
are easily separated hy taking advantage of the difference of theiy solubility in boiling 
water. The more soluble of the two crystallises in colourless needles which melt at 
155°, sublime readily, and are converted into the less soluble modification by repeated 
boiling with water, and precipitation by hydrochloric acid. The less soluble acid, 
which may be purified by crystallisation from a large quantity of water or from dilute 
alcohol, forms beautiful micaceous scales melting at 180° (Sehiff a. Tassinari, Ber, xi. 
842 ; chim, itaL 1878, 297). 

Bihromopyromuoic acidy C^H^Br^O^ formed in like manner from the tetrabro- 
mide, c^stallises in colourless scales, which melt at 184°“186°, and sublime without de- 
composition at a higher temperature (Tonnies, loc, cit) When heated with bromine- 
water at ordinary temperatures it yields carbon dioxide and mucobromicaldehyde, 
C^H^Br^O*, which crystallises from ether in stellate groups of needles melting at 88°, 
easily soluble in water, ether, and chloroform. This aldehyde, gently heated with 
chromic acid solution, is converted into mucobromic acid, O'H-BrW, identical 
with that which is obtained by the direct action of bromine on pyromucic acid (vii. 
828). The same oxidation may be effected by adding bromine- water to a boiling 
aqueous solution of dibromopyromucic acid till the colour of the bromine no longer 
disappears. It_ appears, therefore, that at ordinary temperatures only 1 mol. of 
bromine enters into the reaction with the result of forming an aldehyde, but that at 
higher temperatures 2 mols. of bromine enter into the reaction and produce the 
corresponding acid : 

O^E^Br^O^ + Br2 -{- H^O « C^H^Br^O^ + 00= -i- 2HBr 
CsH2Br=0= -f 2Br2 + 2H=0 = C“H=Br=03 + 00= + 4HBr 

This last reaction is exactly analogous to that W’hich takes place when pyromucic acid 
is treated with bromine-water at ordinary temperatures, whereby fumario aldehyde is 
produced, and renders it probable that the difference in the behaviour of pyromucic 
and dibromopyromucic acid to bromine-water is due to the fact that, with the latter, 
the action stops at an intermediate stage, which, in the case of the non-brominated 
acid, is at once passed over. If this view be correct, mucobromic acid must be regarded 
as dibromofumaric aldehyde (Tonnies, Ber. xii. 1202). 

PYROBKOSPHilTES. See Phosphates (pp. 1601). 

PYROPHYSAIkITE. See Topaz. 


PYROPSSS2TB» This waxy substance, which occurs in lignite, was first 
described by Kenngott (iv. 769), and has lately been examined by H. Schwarz (Bingl. 
pol. J. ccxxxii. 465 ; OhcQn. Boo. J, xxxvi. 1022). 


PYRORACBMXO or PITRUVIC ACXB, 

>OH2 


CH=.CO.COOH, or 

I • This acid is formed; 1. By boiling chloracrylic acid with silver 

\CH.COOH ^ 


oxide and water C=H3C10= AgHO = AgCl + (Beckurts a. Otto, Ber. x. 265 ). 

2. By the action of strong sulphuric acid at 40'^-50° on tartaric acid: 

C0=-fH=0 + (Bouchardat, Compt. rend. Ixxxix. 99). 3. By the dry distillation 

of glyceric acid (Bottinger, lAehifs Annalen, exevi. 92) : 


GH=OH.CHOH.OOOH = H=0 -f CH=.CO.COOH. 


4. By mixing acetyl cyanide^ with an equivalent quantity of hydrochloric acid, sp. gr. 
1’2, whereby it is converted into acetyl-formamide, and decomposing the latter with a 
slight excess of dilute hydrochloric acid (Claiseu a. Shadweli, Ber. xi. 1563) ; 

CH>.GO.ON + ffO = CH’.CO.CO.NH'^; 
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and 

CH^.CO.COOT + HCl + E^O « NH‘C!1 + CHs.CO.COOH. 

The first two of these modes of formation are consistent with either of the formnlse 
ahoTe given for the acid ; the third is most readily explained hy the first formula, and 
the fourth may be regarded as decisive m its favour. 

Beactions. 1. J)ecomposiiio7i hy Heat. — ^Pyroracemic acid, boiled for about eight 
hours in a refiux apparatus, ^ves off carbon dioxide, becomes continually thicker, and 
darker in colour, and on cooling solidifies to a resin frcm which boiling water extracts 
pyrotartaric, uvic, and a small quantity of acetic acid, the greater part, however, 
remaining undissolved. Hence it is probable that the pyrotartaric acid produced in 
the dry distillation of tartaric acid is a further product of decomposition of pyroracemic 
acid, formed, in the first instance, according to the equation above given (Bottinger, 
Ber. ix. 670). 

2. With Bhosphorm PentacJiloride. — ^When pyroracemic acid is gradually run into 
6 pts. of the pentachloride, hydrochloric acid, carbon dioxide, carbon monoxide, and a 
small quantity of acetyl cidoride are product ; and on completing the dissolution of 
the pentachloride by warming, then distilling, pouring the portion which goes over 
at 130° into alcohol, and adding common salt, ethyl ic a-dichloropropionate, 
CH*.CCP.GOOC-H® (m. p. 155^-160°), is obtained (Beckurts a. Otto, xi. 386 ; comp. 
Bottinger, vii. 1033). 

3. With Zinc, — When an alcoholic solution of pyroracemic acid is treated with 
zinc (and a small quantity of hydrochloric acid), or with zinc-dnst, the followiug 
reaction takes place, resulting in the formation of dimethyl-tartaric acid, 

which is related to pj^oracemic acid in the same way as pinaeone to acetone : 

COOH COOH COOH COOH 

II II 

CH3--CO + CO— CH^ + H2 « OH"— C(0H)-0(0H)— CHS 

The zinc-salt of dimethylpyrotartaric acid separates during the reaction as a white 
precipitate quite insoluble in cold water, while zinc lactate and a salt apparently 
belonging to a modified pyroracemic acid remain in solution (Bottinger, Be7\ ix. 1064:). 
These two reactions afford farther confirmation of the formula OH=*.CO.CO”H for 
pyroracemic acid. 

4. With Hydrocyanic acid, — ^When pyroracemic acid is left in contact for some 
time with highly concentrated hydrocyanic acid and a few drops of strong hydrochloric 
acid, an additive cyanogen-product is formed, which may be extracted from the liquid 
by ether. The residue left on evaporating the ether does not crystallise, and its 
aqueous solution forms no precipitate with silver nitrate, but gives off ammonia when 
boiled with alkalis. On heating it for two days with strong hydrochloric acid, carbon 
dioxide i s given off, and ordinary lactic acid is formed. WTien large quantities of 
pyroracemic acid, absolute hydrocyanic acid, and hydrochloric acid were heated 
together on the water-hath, a very violent reaction took place, and the product, when 
shaken with ether, yielded ordinary pyrotartaric acid, CH®.CH(CO'H).CH-.COOH, 
together with mesaconicacid, C0‘^H.0H“CH.GH-.C02B[ (Bottinger, B&r. ix. 1621). 

6. With Chromic acid mixture. — Pyroracemic acid, diluted with water and dropped 
into a cooled mixture of 10 grams potassium dichromate, 10 c.c. strong sulphuric acid, 
and 60 c.c. water, is completely resolved into acetic and carbonic acids, C®H‘*0® + 0 = 

GO® (Bottinger, Ber. viii. 713). 

6. With Bmnum Hydrate. — ^Pyroracemic acid, boiled with excess of barium hydrate, 

yields, according to Finck (iv. 770), uvitic acid, C^H®0^ and nvitonic acid, (?), 

together with acetic, oxalic, and carbonic acids ; with a quantity of barium hydrate, 
on the other hand, not sufficient to neutralise it, it yields nvie, pyrotartaric, acetic, 
carbonic acid, and two acids the nature of which has not been ascertained (Bottinger, 
Ber. vi. 787, 893). Further, when neutral barium pyroracemate is heated for several 
days in a reflux apparatus, carbon dioxide escapes, the liquid after a while becomes 
acid, then again neutral, and a precipitate is formed, consisting of barium carbonate 
and oxalate. From the brownish filtrate hydrochloric acid throws down a mixture of 
uvic and uvitic acids, which may be separated by distillation with steam ; and the 
same filtrate yields to ether, pyrotartaric, acetic, and a small quantity of nvic acid, still 
retaining a large amount of pyrotartaric and (probably) nvitonic acid. The products 
of decomposition of pyrotartaric acid in neutral solution consist, therefore, of the sum 
of those obtained in acid and in alkaline solution (Bottinger, viii. 957). 

7. With Ammonia. — Gaseous ammonia acts very violently on pyroracemic acid, 
eliminating carbon dioxide ; and on treating the product with milk of lime, acetic acid 
is formed, together with modified pyroracemic acid. Aqueous ammonia, heated with 
pyroracemic acid, does not vield any product of decomposition. Alcoholic ammonia 
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yields — together with acetic acid and carbon dioxide — a precipitate consisting of the 
acid ammonium salt of an acid, C^H^NOh called by Bottinger uvitoninic acid 
{^Ber. X. 362). 

8. “With. Amline.— On bringing this base in contact with pyroracemic acid, anilo- 

pyroracemie acid, separates as a crystalline body 

which melts at 122®, and when dissolved in water is converted into an isomeric body 
which has not been obtained pure. The solution when heated yields pyroracemic 
acid, aniline, and acid bodies which are further acted on by the aniline, and ultimately 
a crystalline product is obtained, probably having the composition ; it 

exhibits basic properties, combining with acids, and forming a platinoch bride 
(Bottinger, Ber. x. 818). 

9. With AoithmniliG add or [1 : 2] Amiddbenzoic add, — This acid acts violently on 
pyroracemic acid, forming a yellow powder which continuously gives oif carbon dioxide 
at 135°, turns blue when exposed bo light or suspended in water, and is perhaps 
constituted according to the formnla : 

C6H^_N=:C— CH3 

Aooh cooh 


(Bottinger, Bgt, x. 1517 ; Liebigs Annaleoi^ clxxxviii. 293). 

10. With Uvea . — Pyroracemic acid and urea, heated together at 100®, yield 
pyroracemic carbamides or ureides (p. 1720). 

11. Silver pyroracemate, decomposed by hydrogeii sulg/ddc, yields thiolactic 
acid, C^H'’SO“ (Bottinger, Ber. ix. 404). 


Dibromopyroracemic Acid, C^H-Br-O^ is formed when the dibromolactic 
acid, C^H'^Br-0^ which Wislicenus obtained by the action of bromine on pyroracemic 
acid (vi. 771), is heated in a stream of chlorine. It crystallises in rather large rhombic 
plates melting at 93® (Ph. Clermont, B^dl. Soc. Qhim, [2], xix. 103). 

Tribroiuopyroracemic Acid, C2HBr'^02 = CBr^.C0.C00H (Grimaux, B%(,ll, 
Soc. Chim. [2], xxi. 390). This acid is formed, together with the dibrominated acid, 
by the action of bromine on pyroracemic acid. 1 pt. of the acid and 1 pt. water are 
introduced into a flask with vertical condensing tube, heated in a water-bath, and 
4 pts. bromine are slowly added. The contents of the flask solidify on cooling to a 
crystalline mass, and the formation of small crystals may be promoted by external 
cooling and stirring. The crystals are freed by the filter-pump from the mother- 
liquor (which also contains the dibrominated acid), mixed with a small quantity of 
cold water, and once recrystallised from water at 80°. 

Pure tribromopyroracemie acid thus obtained forms lamium resembling naphthalene, 
having the composition C3HBr=^0® + 2H-0, and melting at 104®. It does not part 
with its water of crystallisation either in the air or in a vacuum, or even to the 
smallest amount when heated for several days at 50®-60°, but the whole of it is given 
off at 100®. The dehydrated acid melts at 90°. The acid is sparingly soluble in cold, 
easily in hot water, also in alcohol and in ether. It decomposes quickly when boiled in 
aqueous solution, a dense liquid passing over with the steam, which boils above .140®, 
and appe^s to consist of bromoform. At the same time oxalic, carbonic, and hydro- 
bromic acids are formed, together with a solid body which reduces ammoniacal silver 
solution. Ammonia and lead acetate also readily decompose tribromopyroracemie 
acid, with formation of oxalic acid. The tribrominated acid precipitates calcium salts 
at ordinary temperatures, and forms with silver nitrate an immediate precipitate of 
silver bromide. It reduces auric chloride and mercuric chloride ; it is not acted on 
by acetyl chloride. 

The same tribromopyroracemie acid is formed by the action of bromine on 
ordinary lactic acid, and this reaction, which is perfectly analogous to the formation 
of tetrabromacetone from psendopropyl alcohol, observed by Priedel (Comjpt. rmd. lx. 
346), affords a further confirmation of Wichelhaus’s formula for pyroracemic acid : 

OT.CB[0H:.CB[3 CBr^.CO.CH^ 

Pseudopropyl alcohol. Tetrabromacetone. 


5 


CH3.CHOH.CO’“H 

Lactic acid. 


CBr^CO.CO^H 

Tribromopyroracemie 

acid. 


Compouncls of Pyroracemic Acid with Alitaliiae Sulphites (Clewing, 
Jljpr. CUm. [2], xvii. 241). 1. Sodium salts,— h. mixture of pyroracemic acid with a 
recently prepared solution of normal sodium sulphite yields crystals of the salt 
GWO^NajHSO^Na+H^O, easily soluble in cold water (100 pts. water dissolve 26-6 
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of the dry salt). The solution is not precipitated by barium chloride, except on 
addition of ammonia. Strong acids liberate sulphurous acid from it. Under some- 
what different circumstances, the salt 2(0®H®0^Na,HS0^Na) + 3H"0 was obtained in 
prisms several centimeters long ; it is less soluble than the former salt, and does not 
give off* its water of crystallisation so readily. Pyroracemic acid and aoid sodhtm 
sulphite yield the salt C^H■*O^HSO®Na, which decomposes when boiled with water, 
giving off sulphur dioxide. It is not converted into a disodie salt by addition of the 
corresponding quantity of soda-ley, the mixture being rather disposed to deposit 
normal sodium sulphite, 

, 2. Fotassiim. salts, — A concentrated solution of normal potassium sulphite mixed 

with excess of pyroracemic acid deposits, after a few days, strongly refracting octo- 
hedrons of the salt C^H^O^.HSO^K, of which 100 pts. water at 17® dissolve 44*9 pts. 
Its solution when boiled gives off sulphur dioxide, and leaves a thick syrup, which, 
after prolonged sojourn in a vacuum over sulphuric acid, has the composition 
2C^H^O^K,HSO®K, The mother-liquor of the former salt, mixed with a large excess 
of normal potassium sulphite, deposited, after about a week, crystals of the salt 
C‘‘^H®0®X,HS0UI -i- H‘0 ; 100 pts. water at 17*5° dissolve 32-6 pts. of the dry salt. 
A mixture of acid potassium sulphite with excess of pyroracemic acid deposits, when 
concentrated, the salt ; when dilute, the salt G^E^O^KjHSO^K. 

3. Calcium salts. — ^When sulphur dioxide is passed into a mixture of dissolved 
and precipitated calcium pyro racemate — such as is obtained by adding levigated 
calcium carbonate to pyi’oracemic acid —till the whole is dissolved, and the solution is 
left to evaporate in a vacuum, the salt 2(C'’H®02.Ca.S0*H) + 3H*0 is obtained. This 
salt is very soluble in wwter and very stable, not being acted upon by sulphuiic acid 
of 50 per cent. ; on adding acid of 66 per cent., calcium sulphite separates out, but 
the odour of sulphurous acid does not become perceptible till the liquid is warmed. 
Ko precipitate is formed by barium chloride. "When sulphur dioxide was passed into a 
clear dilute solution of calcium p_rnoracemate. nodular groups of granules separated, 
consisting of the salt (C^H^O^)"Ca-i-4(C'’Ii^O'\Ca.SO^H)+ 24H"0, and slender needles 
of the salt (SO^JE[)-Ca + 4(C^H20^Ca.SO®H) + which could be separated by 
cold water, 100 pts. water at 17® dissolving 4*1 pts. of the former and 143 pts. of 
the latter. 

4. The Strontium salt, C^H^ObSr.SO^H + 5H*0, separates as a bullty crystalline 
pulp on passing sulphur dioxide into a solution of strontium pyroracemate, and may 
be obtained in small oetohedrons by recrystallisation from warm water. It is much 
more soluble in hot than in cold water ; the solution is not decomposed by boiling, and 
does not form any precipitate with barium chloride ; concentrated acids, however, 
decompose it, with evolution of sulphur dioxide. 

5. Barium salt. — When sulphur dioxide is passed into a solution of barium pyro* 

racemate no precipitate is formed, but the solution when evaporated leaves a thick 
sjnmp which, when dissolved in boiling water, yields on cooling crystals of the salt 
C^H^O^.Ba.SO^H. This salt is very permanent; 100 pts. water dissolve 1*7 pts. of it 
at 17® and 7*5 pts. at 100°. Clewing regards the formation of these compounds, and 
especially of the salts C^H'^O^HSO^Na and HSO^K, as demonstrative of the 

analogy of pyroracemic acid to the ketones and aldehydes in its behaviour to acid 
sulphites. 


Pyroracemic EtUers. The pyroracemates of Ethyl and Methyl have been 
already described (vii. 1034). 

Byroracemic Glyceride, or Pyruvin, C®H^®0^ = C^H^(0H)“(0C^H®0‘), is 
formed by heating tartaric acid with glycerin to a temperature higher than that which 
is required for the formation of glycerotartaric acids ; if the mixture he heated in a 
retort, the pyruvin collects in fine crystals in the neck of the receiver. Pyruvin 
sublimes in shining laminse, melts at 78^, boils with decomposition at 242°, dissolves 
in alcohol, ether, carbon sulphide, and benzene, and with especial facility in chloro- 
form, but is decomposed by water (Schlagdenhauffen, Ann. Chim. Phys. [4], xxvi. 
139). 

PYEORACEIVXXC CAEB.a.MX]2SS or VBEXBES (Grimaux, Compt. rend. 
Ixxix. 526, 1304, 1478 ; Ixxx. 53 ; Ann. Chim. Phys. [5], xi. 356). Pyroracemic 
acid and urea, heated together at 100®, yield, according to the proportions in which 
they are mixed, the following compounds : 


Pyroracemic Picarbamide or Pyvurii 
Dipyroracemic Tricarbamide . 
Tripyrdracemic Tetracarbamide 
Tetrapyroracemic Tetracarbamide . 


C5H8E409 
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NH2.C0.OT.C(OT).NHv 

Fyvuril, | >00. To prepare this compound 

CO -NW 

1 pt. pyroracemic acid is heated for an hour or two with 2 pts. urea, whereupon 
carbon dioxide is evolved, and the mass, which is at first liquid, becomes solid ; and 
on exhausting this mass with hot alcohol, urea and ammonium pyroracemate are dis- 
solved, while pyvuril remains behind, and may be purified by recrystallisation from 
about ten times its weight of boiling water, from which it separates in small shining 
rhombic plates. 

Pyvuril may be heated to 145° without loss of weight, but when heated for several 
days at 155°-160°, it is converted, with loss of about 25 per cent., into a brown-yellow 
amorphous substance and tetrapyroracemic tetracarbamido. By boiling with 
baryta- water, pyvuril is resolved into urea, oxalic acid, and probably uvi t ic acid. 
Its solutions, mixed with potassium hydrate, give precipitates with the nitrates of 
silver and mercury. Pyvuril is resolved by dilute hydrochloric acid into urea and 
dipyroracemic tricar bamide, and, by heating with strong hydrochloric acid, it 
is converted into 

(CH»)0===Nv 

Pyroraeemie Mouocarbaxnide, = 1 >CO. To obtain 

00 — 

this compound in the pm^e state, the liquid is evaporated to dryness on the water- 
bath ; the gummy residue is drenched with alcohol and left at rest for twenty-four 
hours ; and the mass, which has now become crystalline and has been freed from nrca 
by the alcohol, is recrystallised once or twice from boiling water. The monocarbamide 
is thus obtained as a white, very light, and indistinctly crystalline powder. 

NitropyroTacemiG Carhamidej C'‘H'’(NO-)N-Ob is formed, together with nitrate of 
urea, on dissolving pyvuril in 4 or 5 pts. of moderately warm nitric acid of ordinary- 
strength ; and, on evaporating the solution to a pasty consistence, washing the residue 
with cold water, and crystallising it from 25 pts. of hot water, the nitro carbamide is 
obtained in shining pale-yellow scales. It has a sweet taste, may be heated to 140° 
without loss of weight, and is converted at 160° into an amorphous substance which, 
by treatment with hot water, is reconverted into the original compound. The crystals 
decompose at 200°, and dissolve in alkalis with yellow colour, which disappears on 
addition of acids. The nitro-com pound is quickly decomposed by heating with 
potash-ley ; when boiled with lime- or baryta-water, it yields soluble yellow salts ; 
the silver salt, C ‘H(N0-)N20“Ag“, and the lead salt form bulky jellies. On dissolving 
the nitro-compouud in water and distilling the solution, after addition of bromine, 
bromopicrin passes over, and oxalyl-carbamide (parabanic acid) remains : 

-f 6Br -h WO = 3HBr + CBr^NO^ + 


2>ipyroracemic Tricarbamide, 


\co-co-co< I 

.NH^ \NH.O' 


CO- 


.NH.C(CH^).NH 
!0 


This compound is formed, by heating equal weights of urea and pyi^oracemic acid, as 
a clear liquid which gradually thickens and finally solidifies ; and on exhausting the 
solid mass with 200 to 250 times its volume of boiling water, a solution is obtained 
which on cooling yields the tricarbamide in the form of a thick gelatinous mass of 
slender needles. It is nearly insoluble in cold water, but dissolves easily in alkalis, 
without, however, entering into combination with them ; acids, including carbonic 
acid, precipitate it from its solutions as a jelly. The alkaline solutions give with 
silver nitrate a white precipitate ; the aqueous solutions form such a precipitate only 
with mercury nitrate. It is decomposed by boiling with alkalis or with baryta-water, 
yielding, in the latter case, pyvuril, urea, and pyroracemic acid. Heated with nitric 
acid, it yields urea and the nitromonocarbamide above described ; with pyroracemic 
acid at 100°, an amorphous substance. 

By the action of heat on pyvuril, or by treating urea with excess of pyroracemic 
acid, condensed carhamides are formed, richer in carbon and less rich in nitrogen than 
the preceding ; they are amorphous, insoluble in water, easily dissolved by alkalis, 
and reprecipitated by acids ; decomposing without previous fusion when heated ; not 
attacked by acids. 

Tripyroracemic Tetracarb amide? = 3C^H‘‘0^ + 4CH‘ISf~0 — OH^O, 

formed simultoeously with dipyroracemic tricarhamide, is a white powder which dis- 
solves in alkalis without previou.s gelatinisation. 
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Tetrapyroracemic Tetracarbamide, 

CiGHi5jq-90« = 4C“H‘0* + 4CH‘*N20 - SH^O, 

is precipitated by acids from its solutions in alkalis as a bulky jelly ■wHeh dries up 
to a granular mass ; it is not attacked by boiling potasb-ley or by nitric acid. 

Tribromanbydropyvuril, C'’H®Br^N‘*0-, is formed by beating equal parts of ■ 
bromopyroracemic acid and urea at 100', the mixture first liquefying and then 
solidifying after a few hours. By washing the mass with cold water and recrystal- 
lising it from hot water, the tribromanhydropyruril is obtained in light needles, which 
melt with decomposition at 180°. It has a sharp taste, proTOkes sneezing, dissolves 
in hot water, alcohol, ether, and ether-alcohol. Its solution gives with silver nitrate 
a precipitate containing silver and bromine. Dibromopyroxacemic acid acts upon 
urea in the same manner as the tribrominated acid. 

(iv. 770), The following analysis, by J. Ebert, of pyro- 
sclerite from the limestone cleft of St, Philipp, near St. Marie aux Mines, Alsace, has 
been published by A. Knop (Jakrb.f, Mm. 1870, 70): 

SiO* Al^O* CaO MgO FeO H=0 

38-7 16-1 6T 25-9 0'5 12*8 == lOOT 

The carbonic acid present is not sujBScient to allow of the whole of the lime being 
regarded as admixed limestone. 

A rhombic silicate (possibly pyrosclerite) of greyish and occasionally bronze-yellow 
colour, and sp. gr. 2*558, occurring as a contact product between talc and gymnite on 
the Bare Hills near Baltimore, has been analysed by A. R. Leeds {8ilL Am. J. [3], 
vi. 24" : 


SiO“ 

A1»0=* 

Fe’O’ 

FeO 

MgO 

3SVO Li^O 

H=0 


36-03 

9-19 

5*48 

0-94 

33-05 

0*41 

14-66 

== 99-76 

35*84 

9-85 

5-21 

1-21 

32*93 

0*41 

14-53 

« 99*98 


B'SrROSMAXiITS. Wohler (Liebig’s Annalen^ civi. 85), from three analyses 
made by himself, and an older analysis by Hisinger (iv. 771), gives for this mineral 
the following composition : 

SiO" FeO - MnO Pe’O’ Fe*Cl" H»0 

36*42 22*91 22*52 5*10 9*73 3*32 = 100 

and deduces therefrom the formula (Fe“Cl®,Fe'0^)+ 10(FeO,SiO2 + MnO,SiO-) + 8H"0. 

E. Ludwig (Min.Mitth. 1875, 211) gives analyses of pyrosmalite from Nordmarken, 
from which he deduces the empirical formula : 

SisFe«Mn5H^^032CP = 4Fe0,5Mn0,8Si02 FeCF,7H^O : 

SiO= FeO MnO CaO MgO H=0 Cl Total 0 * Residue 

AnMysis . S4*66- 27*05 25*60 0*52 0*93 8*31 4*88 = 101-96 1*10 100*85 

Calculation 34*88 26*16 25*80 — 9-16 6*16 

* To be deducted as equivalent to the chlorine. 

PYROS'EJZiPHITRXC .aCZB, ~ 2S03,H=0. See Suxphxje, Oxtgek- 

ACIDS OF. 

PYROTARTARIC ACXBS, C®H®0^. Theory indicates the existence of four 
of these acids, all of which are now known, viz. : 


CH^.CO^H 

] 

CH“ 

j 

CH’* 

j 

CH« 

1 

CH^ 

CH.GO^H 

CH2 

C(002H)2 

j 

CH^.CO^H 

1 

CH2.CO=H 

j 

cR(Gomy 

iff 

Homosuccinic 

Methyl-sucdnic 

Ethyl-malonic 

Dimethyl- 

acid. 

acid. 

acid. 

malonic acid. 


1. N-ormalPyrotartaric,Homosucciiiic,orGlu*taric Acid, CH-(CH-.CO-H)^ 
This acid, identical with the deoxyglutanic acid which Bittmar obtained (e7*.y?r. Chein. 
[2], V. 338) by heating glutauic acid, C®H®0®, with hydriodic acid (vii. 362), is also 
produced : a. By saponification of normal propylene cyanide, CH“(0H2.CN)^ prepared 
by the action of potassium cyanide on normal propylene bromide in presence of alcohol 
(Julie Lermontoff, Ber. ix. 1441 ; Reboul, Bull. Soc. Chim. [2], xxv. 386). /S. By 

treating ethyl sodaceto-acetate with ethylic ^-iodopropionate, whereby ethylic aceto- 
glutanate is formed, according to the equation : 
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CH* 


CO 

C 5 HNa 
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OW 

I 

00 

+ ICH=.CH2CO.OO-H= = Nal + i 

OH.CH-.CmCOOO^Hs 


CO.OG'-H-« 


CO.OC-H^ 


and decomposing this ether with alcoholic potash (Wislicemis a. Limpach, Lifibig^s 
A:mialen, cxcii. 128). 

G-lutarie acid crystallises very easily from aqueous solution in large transparent 
four-sided prisms, melts at 97*^ (Dittmar), at 97*5° (MarkownikofF), at 96° (coit. 
Eeboul) and boils at 291° (corr. 299°, Eeboul), at 302° (MarkownikofF).'**’ "When 
glutaric acid (8*5 grams) is heated %vith bromine (21 g.) and water (10 c.c.) at 145°, 
it yields nothing but HBr, CO, and CO-; at 118°-120° the bromine disappears more 
slowly, with evolution of CO- and HBr, and the liquid on cooling deposits crystals of 
dibromosueeinic acid. With 7*2 g. glutaric acid, 18 g. bromine, and 15 c.c. water 
heated at 100° for ninety hours, the products are tetrabrom ethane and dibromo- 
glutaric acid (Bourgoin a. Eeboul, Com^pL rend. Ixxxiv. 556). 

Oalcium glutarate, C®H®O*0a + 4H-0, crystallises in stellate groups of slender 
needles, more soluble in cold than in hot water. The magnesiim salt is very 
soluble, and partly separates from very concentrated solutions in microscopic four- 
sided plates, the greater pai't, however, drying up to an amorphous mass ; from dilute 
alcohol it crystallises in small needles. The zinc salty C®H‘*0‘’Zn, is but very slightly 
soluble in cold water (1 pt. in 102 pts. water at 18°), and still less in hot water. The 
solution prepared at ordinary temperatures deposits, when heated, microscopic rect- 
angular plates with re-entering angles on the shorter sides of the rectangle. 

Biethylio glutaraiCy CH”(CH“.COOC-H°)2, is prepared by passing hydrogen chloride 
to saturation into a solution of the acid in absolute alcohol, distilling, collecting the 
portion which goes over between 240° and 260°, freeing this distillate from unetherified 
glutaric acid by digestion with potassixira carbonate, and redistilling. The pure ether 
is a colouidess liquid having a disagreeable odour, a density of 1*025 at 21°, and 
boiling without decomposition at 236-5-237° (corr.) (Eeboul, Ann. CMni. Bhys. [5], 
xiv. 510), 

Normal Byrotartaric or Glutaric AnliydridCy 


When glutaric acid is slowdy distilled, either alone or in contact with phosphoric 
anhydride, water passes over first, and afterwards, at 282°-285°, a crystalline mass 
which melts at 80°-85°, and consists of a mixture of acid and anhydride. It is 
difficult, however, to obtain the pure anhydride in this way, and a better product is 
obtained by the action of acetyl chloride in ethereal solution on silver glutarate : 

C^H^Ag^O'* + 2C-H30C1 = -i- (C“H30)20 -!- 2AgCl. 


Glutaric anhydride crystallises in white slender needles, melts at 56°-57°, and boils, 
with decomposition, at 282°~287°. By prolonged contact with alcohol, it is converted 
into ethyl-hydrogen glutarate (MarkownikofF, Ber. x. 972, 1102). 

Glutaric chloridcy CH“(CH“.OOCl)®, obtained by the action of 2 mol. POP on 
1 mol. of the acid, is a heavy liquid having an irritating odour, boiling, with per- 
ceptible decomposition, at 216°-218°, and converted by water into hydrochloric and 
glutaric acids (Eeboul, Ann. Chim. Bhys. [5], xiv. 510). 

Normal Eydroxypyrotartaric Acidy C®B[®0^— There are two modifications 
of this acid, viz. : 


OmOOOH 

iscoH) 

CmCOOH 

Symmetrical. 


CH(OH).COOH 

UH2 

I 

CmCOOH 

TJnsymmetrical. 


* Marlcownilcoffi found tliat tlio acid prepared from glutanic acid boiled at 302°, whereas that pre- 
pared from propylene cyanide boiled at 315°, and he attributes the difference to some diversity in the 

circumstances of the distillation. As, however, the higher boiling point agrees nearly with that 
determined by Keboul, it may safely be regarded as nearer to the truth than the lower. According to 
Dittmar, the acid decomposes at temperatures above 280° into water and the anhydride. 
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The symmetrical modification -was discovered* in 1862 by Maxwell Simpson, who 
obtained it by heating symmetrical dichlorhydrin, CH-Cl.GHOH..CH^Cl, with potassium 
cyanide in alcoholic solution, and saponifyingtheresulting dicyanhydrin with alcoholic 
potash. It forms bard crystals very soluble in cold water, slightly soluble in alcohol 
and ether (vii. 886). 

The unsymmetrical modification, called glutanic acid, obtiiined by the action of 
nitrous acid on glutamic acid, was discovered by Ritthausen (vi. 637), and 

has been further examined by Markownikoff {Liebig's Annale^i, clxxxii. 347). It may 
be prej-are.d by passing nitrous gas into a solution of glutamic acid in nitric 
acid, or more advantageously by mixing a solution of glutamic acid in hydrochloric 
acid with an equivalent quantity of potassium nitrite. It is difficult to obtain in well- 
defined crystals. It melts at 72‘^-73°, and solidifies, on cooling, to a clear amorphous 
mass. It appears to form with bases two classes of neutral salts differing in solubility. 

The zi7ic salt, obtained by saturating the acid with jsinc carbonate, crystallises 
from a syrupy solution, on standing, in transparent four-sided tables, which when 
dissolved in hot water are transformed into a pulverulent sparingly soluble salt. 
From a hot saturated solution it crystallises in nodules agreeing in composition with 
the formula C^H^O^Zn + 3H-0. The magnesium salt, C®H®0'^Mg + 4H-0, obtained in 
the same manner as the zinc salt, is sparingly soluble in cold water, and crystallises 
from hot solutions in transparent microscopic rhombic tables. 

G-lutanic acid, when heated to IQO'^, is converted into an anhydride, which dissolves 
in water, reproducing the acid. By reduction it yields glutaiic acid (p. 1721). 

COOH 

2. Ordinary P3rrotartaric or Metliyl-sticcinic Acid, GOOH' 

This acid, originally obtained by the dry distillation of tartaric acid (iv. 771), is also 
produced : (1 ). By the action of boiling aqueous potash on the ethylic ethers of a- 
and ^-methylacetosuccinic acid, which are obtained in the same way as the corre- 
sponding ethers, of a- and /3-etbylacetosuccinic acid, using methyl instead of ethyl 
iodide in the case of the a-ether, and ethylic a-bromopropionate instead of the a-bromo- 
butyrate in that of the iS-ether (see Aceto-acetic Ethees, pp. 15, 16). The reactions 
by which methyls uccinic acid is formed from these ethers are represented by the 
following equations : 

CO.GH* 

CH’.i.CH^. CO.O.C^H^^ + 3HOK 

Ethylic tt-methyl-aceto- 
succinate. 

co.cH=» cm 

CH A + 3HOK = Off + Off .CO.OK + 2H0C=H^ 

io.O.G-H= CO.O.C=ff 

Ethylic iS-methyl-aceto- 
succinate. 

(Conrad, Liebig’s Amialen, clxxxviii. 217 ; Kressner, ibid, cxcii. 135). 

(2). By the action of boiling aqueous potash on the dicyanide obtained by heating 
allyl iodide in a sealed tube with 2 mols. potassium cyanide and a little alcohol (Claus, 
Ber. V. 612 ; viii. 100). 

Electrolysis. — When a concentrated solution of pyrotartaric acid is electrolysed, 
hydrogen appears at the negative pole, and oxygen, mixed with GO and CO^ at the 
positive pole. A solution of potassium pyrotartrate when electrolysed deposits on the 
positive pole crystals of the acid salt, which disappear after some time, the solution 
then containing free pyrotartaric acid. Solutions containing excess of alkali give off 
considerable quantities of gas, consisting of carbon dioxide, carbon monoxide, and 
oxygen (Reboiil a. Bourgoin, Compt. rend. Ixxxiv. 1231). 

Beaction with Bromine . — When pyrotartaric acid is treated with bromine (1 mol.) 
in a closed vessel at 120°, the chief product obtained is bromocitrapyrotartaric 
anhydride, together with very small quantities of an apparently monobrominated acid. 
With 2 mols. bromine, the product consists of br-omocitraconie anhydride. Bromo- 
citrapyrotartaric anhydride melts at 104°-105° has a sp, gr. of 1*935 at 23°, dissolves 
readily in alcohol and ether, sparingly in chloroform, and when heated with water in 
sealed tubes at 130° yields carbon dioxide and allylene. When pyrotartaric acid is 
heated with 4 mols. bromine at 130°-132°, carbon dioxide is given off, and a tetra- 


CH» Qj- + Off.CG.GK; + 2HOO-ff 


Potassium metliyl- 
succinate. 
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bromide of acetylene, C-ffEr^ is formed, whieh has a density of*2'93 at 0°, boils with 
partial decomposition at about 200°, and solidifies at -17®, whereby it is distinguished 
from the other known acetylene tetrabromides, one of which remains liquid at *~17® 
(p. 35), while the other is solid at ordinary temperatures, and melts at 54*5® (Bonrgoiii, 
Ann, Ckim, Phys. [5], xii. 419). 

Bromopyrotartaric acids, C®H^BrOV-The crystalline forms of these isomeric 
acids (vi. 49, 980) have been determined by Arznini {ZeiUclir, KrysL i. 439)._ Citra- 
hromopyrotartaric and crystallises in the monoclinic system with the axial ratio 
fl : 5 :<;= 0*7504 : i: 1*1175; j3 = 84° 5t Principal forms, OP, oopoo, ooP, — P, 
+ P, P 00 00 P 00 . Angle oo P : oo P oo = 36® 53'. Cleavage perfect parallel to co P co 
and 00 Poo. Plane of optic axes perpendicular to the plane of symmetry. Itahroino- 
pyrotartario acid is also monoelinic. Axial ratio alb’. c=^ 0*2914 1 ; 0*4101 ; 

^ = 65° 38'. Porms co P, P oo, oo P co. 

3 and 4, Ethylmalomic and Dimetliylmalonic acid have already been 
described as MALOiao Ethers. 

The following tabular view of the properties of the isomeric pyrotartaric acids is 
given hy Markownikoff {Liebig's Annalen, clxxxii. 324) : 



Grlutaric or 
Homosuccinic 
acid 

Pyrotartaric 
or Methyl-succinic 
acid 

a-Isop 3 nrotartai’ic 
or Ethyl-malonic 
acid 

(3-Isopyrotartaric 
or Dimethyl-malonic 
acid 

Acid. 

Large flat plates, 
easily soluble 
in water; melts 
at 97® ; boils, 
almost without 
decomposition, 
at 302° ‘ 

Four-sided 
prisms ; easily 
soluble in 

water ; melts 
at 112°; boils 
at about 200°, 
being converted 
into the anhy- 
dride. 

Short four-sided 
prisms, easily 
soluble in 

water ; melts 
at 111*5°; de- 
composes with- 
out subliming, 
at 160°. 

Short four-sided 
prisms, easily 
soluble in water; 
melts, with de- 
composition, at 
170°; sublimes 
at 120®. 

Calcium 

salt. 

Easily soluble in 
cold, less easily 
in hot water. 
Crystallises 
with difficulty. 

Somewhat spar- 
ingly soluble 
in cold water. 
Crystallises 
with 2H^O. 

Slightly soluble 
in hot, easily 
in cold water. 
Crystallises in 
prisms with 
IH^O. 

Less soluble in 
hot than in cold 
water. Crystal- 
lises in nodules. 

Zinc salt. 

Microscopic 
twins, soluble 
in 102 pts. 
water at 18°. 

1 

1 

Easily soluble. 

1 

Microscopic six- 
sided plates. 
Soluble in 456 
pts. water. 

Contains 
2^H20. 

Like the a-salt. 
Dissolves in 106 
pts. water. Con- 
tains 3H“0. 

Lead salt. 


White precipi- 
tate. 

White precipi- 
tate, becoming 
granular on 
boiling. 

White precipitate, 
converted on 
boiling into 

shining scales. 


PITROXEEEBIC ACIB. See Teebbic Acid. 


PirRCTBITABT-apiC or ITVIC ACIH, Gm^0^ This acid, which Wis- 
licenus a. Stadnicki obtained, together with pyrotartaric acid, by the dry dislillation 
of tartaric acid (vi. 981), is also produced : 1 By heating pyroracemic acid with a 
quantity of barium hydrate less than sufficient to neutralise it. 40 to 60 grams of 
pyroracemic acid and 25 to 30 grams of crystallised barium hydrate are boiled together 
for six hours in a flask with vertical condenser and then left to cool, whereupon the 
liquid acquires a dark-red colour and deposits uvic acid (7 p. c. of the pyroracemic 
acid) in small interlaced needles, while pyrotartaric acid remains dissolved, together 
with acetic acid and small quantities of other acids not determined (Bottinger, Liebig's 
Annalen, clxxii. 239). 2. By the action of dilute sulphuric acid on ethylic diaceto- 

succinate. 20 grams of this ether are boiled with 150 g, dilute sulphuric acid 
(1 : 10) in a reflux apparatus as long as carbon dioxide continues to he evolved, after 
•which the liquid is distilled in a current of steam. Alcohol then passes over, together 
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with fehe water» and an oil whicli smells like aialse, and after repeated distillation 
boils at 208°-209'^- This oil is the ethjlie ether of pyrotritartarie acid, and yields 
the acid by saponification. The residue of the distillation contains carbopyrotri- 
tartaric acid, G^jS® 0® = C^H^0® + C0-, partly in the free state, partly in the form of 
ethylic ether (G-. H. Harrow, Chem, Soc. J. xxxv. 425). 

The formation of these acids from ethylic diacetosuccinate may be represented by 
the following equations : 


cm 

L 

L- 


GH-H 

CO.OG'-^Hs 

I I 

-GH.CO 


GO.OG^Hs 

Ethylic diacetosuccinate. 


CHS 

io 

k- 


OH> 

I 

00 

I 

+ mso* = (0>ff)HS0* + ffO + CH- 


Lo 

- is— 00 


as? 

Lo 

I ! 

-OH— CO 


COOH 

Carbopyrotritartaric 




OC^H^ 

Ethylic carbopyro- 
tritartrate. 


cm 

L 

L- 


cm 

-Hh + 00“ 


COOH 

Pyrotritartarie 

acid. 


Bbttinger represents uvie acid by the formula : 


CO.OH 

Off— C=OH— CH=CH— CH.OH ; 

i I 


but Harrow points out that this formula wall not explain the formation of the acid 
from ethylic diacetosuccinatej^and, moreorer, that Wislieenus a. Stadnicki have shown 
that uvic acid does not contain a second hydroxyl-group. 

Uvic acid is nearly insoluble in cold water, but dissolves to a considerable amount 
in boiling water ; it is soluble also in ether, and crystallises therefrom in prismatic 
needles melting at 135° (Harrow). According to Bottinger, it separates from boiling 
water in crystals having a vitreous lustre, sparingly soluble in cold water, melting at 
133°, and resolidifying at 126°. It volatilises with vapour of water, and sublimes in 
smooth rectangular prisms, joined together like steps, and melting at 134°. On 
mixing a very small quantity of it on a watch-glass with 2 drops of fuming hydro- 
chloric acid, then heating slightly, adding about 6 drops of strong sulphuric acid, and 
again gently warming, a fine cherry-red colour is produced (Harrow). 

Uvic acid is monobasic. Its sodium salt, C’^H’'NaO®, is a white crystalline mass, 
easily soluble in water (Harrow). The silver salt, C'H^AgO®, is thrown down by 
silver nitrate from a solution of the acid neutralised with soda or ammonia, as a 
white precipitate which quickly turns greyish-yellow on exposure to light, but may 
be converted by crystallisation into small transparent prisms possessing greater 
stability. The baHim salt, (G"H’'0^)-Ba + oH-O, prepared from the acid by means of 
barium hydrate and carbon dioxide, forms indistinct crystalline geodes. The calcium 
salt, (0”H^0’*)-Ca -h 3H-0, crystallises in radiate needles. TliQzinc salt, (0^H’0*)2Zn + 
4H-0, is more readily soluble in cold than in boiling water. It is prepared by nearly 
neutralising a moderately warm solution of the acid with zinc oxide, and leaving it 
for some time in the exsiccator ; the solution then first deposits a small quantity of 
the free acid, and afterv/ards the zinc salt in lai’ge round geodes. With mercurous 
nitrate, a solution of uvic acid forms a white precipitate which is not altered by boiling 
with water (Bottinger). 

The ethylic ethefr, G^H"0®.G2H^ is obtained, as above mentioned, by boiling 
ethylic diacetosuccinate with sulphuric acid, also by decomposing the silver salt 
with ethyl iodide. When purified by repeated distillation, it melts at 208°-209° 
(Harrow). 

Carljopyrotritartaric ilcid, G®H®0®, remains, as above stated, as the residue 
of the distillation in the preparation of pyrotritartarie acid, partly in the free state, 
partly as ethylic ether, which may be saponified by prolonged boiling with dilute 
sulphuric acid. The acid crystallises from boiling water, in which it is moderately 
soluble, in long very slender needles, which melt at 230°-231°5 especially in presence 
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of a small quantity of sulphuric acid. It is nearly insoluble in cold water. The 
C^H’NaO^ + aH^O (?), crystallises from water in long needles. It dis- 
solves easily in water, sparingly in alcohol, and, like the ammonium salt, has a per- 
sistent bitter taste. The silver salt, 0“H^AgO^ is obtained as a dense precipitate, 
and crystallises from boiling water in slender needles, turning grey when exposed to 
light. When heated, it yields carbopyrotritartaric and pyrotritartaric acids. The 
etkylic ether, C®H"O^C-H®, forms needles melting at 80°~81*^. 

Carbopyrotritartaric acid is resolved by heat into pyrotritartaric acid and carbon 
dioxide. It is neutralised by 1 equivalent of sodium hydroxide, NaOH, and is there- 
fore monobasic ; but, if heated for some time with 2 mols. sodium hydroxide, it yields 
a solution from which silver nitrate throws down no longer a brown precipitate of 
silver oxide, but a white precipitate of a diargentie salt, having the composition 
C®II®Ag^O® The acid repreeipitated from this salt by dilute nitric acid is unaltered 
carbopyrotritartaric acid. Prom this result, and the fact that carbopyrotritartaric 
acid splits up on heating into CO^ and pyrotritartaric acid, which undoubtedly con- 
tains a carboxyl-group, it may be inferred that it belongs to the class of etheric 
anhydrides. 

Carbopyrotritartaric acid is not altered by boiling with strong aqueous potash, 
even for several hours, but by fusion with potassium hydroxide, it is resolved into 
acetic and succinic acids, according to the equation : 

^ 2HOK = 2C2H^K02 -h 
Dipotassiiun Acetate. Succinate, 

salt. 

(Harrow, Chem, Soc. J. xxxv. 435). 

P'SrROtrsnrxc ACXB, C^^jgicos. gee Usnic Acid. 

PYROVAXTABATBS. See Vanadium. 

PYROXAlflrTHl»r, The action of bromine on this substance (con- 

tained in crude wood-spirit, and produced by the action of potash on one of the 
constituents of wood-tar oil (iv. 775*) has been examined by H. B. Hill (Ber. xi. 
456). When dissolved in carbon sulphide and treated with a solution of bromine in 
the same liquid, it is slowly converted into dibromopyroxanthin tetra- 
bromide, C‘^H^°Br20^,BrS which cr^^stallises from solution in benzene in small 
white tri clinic. needles, and is converted by boiling with absolute alcohol and metallic 
antimony into dibromopyroxanthin, C^'H^^Br-O^, soluble in alcohol and crystal- 
lising therefrom in bright yellow well-defined monoclinic needles ; this latter com- 
pound is not produced by the direct action of bromine on pyroxanthin. Pyroxanthin 
boiled with 2 dne-dust and acetic acid containing a little alcohol is converted into 
hydropyroxanthin. 

PYROXEXfB or AUGXTE, HBiO*. The following analyses of angitos have 
been made by C. Doelter (Afwi. 1877,279): 1. Black augite from Vesuvius: 

crystals of the form ooP. ooPco. oopoo.P, from a sanidin bomb. 2. Dark green 
from Vesuvius : crystals of the same form, likewise from a bomb. 3. Yellow augite 
from Vesuvius: crystals having the form 2P, together with those above mentioned; 
also from a bomb. 4. Simple crystals and twins of the ordinary form from Lipari. 
5. Simple crystals and twins of the ordinary form from a basaltic lava from Ouglieri 
in Sardinia. 6. Augite in prismatic crystals from Greenwood furnace. 7. Augite of 
the combination ooP . ooPoo . coPco . OP . -JPoo, from the melaphyre of the 
Bufaureberg, South Tyrol. 9. Dark green, and 10. Colourless portions of a variously 
coloured diopside crystal from Ala : 


1. 

SiO“ 

46-95 

CaO 

19*02 

MgO 

16*04 

FeO 

4*09 

Fe=0= 

4*47 

A1"0*> 

9*75 


100*32 

Sp. gr. 
3*275 

2. 

51*01 

20*80 

16*58 

3*16 

3*51 

4*84 

= 

99*90 

8*203 

3. 

50*41 

22*75 

12-92 

6-78 

1*09 

6*07 


100'02 

3*298 

4. 

48*45 

20*30 • 

14*35 

6*94 

3*57 

6*68 

= 

100*29 

3*225 

5. 

45*65 

21*09 

13-60 

5*05 

6*32 

8*61 

= 

100*32 

3*299 

6. 

49*18 

20*62 

16-83 

2*55 

5*05 

5*09 


99*32 

3*295 

7. 

49*01 

20*01 

14-55 

7*74 

3*77 

5*09 


100*17 

3*299 

8. 

44-76 

24*90 

13*65 

2*09 

5*01 

10*10 


100*51 

3*979 

9. 

54*28 

25*04 

17*30 

1*91 

0*98 

0*51 

= 

100*02 

10. 64*74 

26*03 

17*02 

2*91 

— 

— 

K 

100*70 



Prom these analyses, Doelter endeavours to decide between the views of Hammels- 
berg and Tschermak respecting the constitution of aluminiferous augites, the former 

* The empirical formula C®H®0= there given is erroneous ; it should be C^E.*0, 
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regarding them as isomorphons mixtures of ESiO’ with Al-O* and Fe^O®, whereas 
the latter assumes for the admixture of aluminium and sexvalent iron, the formulas 
jMgAl-SiO® and MgFe-SiO®. Boelter concludes that all his analyses conform to the 
fundamental condition of Tschermak’s hypothesis, inasmuch as, for all the aluminifer- 
ous augites analysed, Ca<Mg + Fe, the difference being considerable in most-cases, 
small only in No. 3. Doelter further shows that, with the exception of Nos. 3, 5, 
and 7, the analytical results may be represented by the formula x(MgCaSi20®) t- 
y(FeOaSi®0°) -H x'(MgFe‘SiO®) + y'(]M[gAi-SiO®), thus ; 


in 1 



MgCaSi^O* FeCaSi'O® ITgFe^SiO® 
= 10 : 2 : 1 

== 16 ; 2 : 1 

12 : 4 : 1 

= 19 : 2 : 2 

= 84 : 5 : 1 


MgAPSiO® 

3 

2 

3 

3 

1 


Varieties of JP^rosene. — A. E. Leeds {Zeitschr. f. Kryst. ii. 642) has analysed 
hypersthene (No. 1) and diallage (No. 2) from the norites of the Adirondacks 
Mountain, New York : sp. gr. 3*459 : 

SiO“ TiO= A1“0“ Fe®0* FeO MnO CaO MgO H“0 

50*33 0*07 3*36 1*03 19*40 0*71 2*77 21*40 1*14 =: 100*21 

46*28 0*59 7*38 2*21 14*80 — 18*78 8*91 1*115 = 100*065 

A brown pyroxene (A), nearly related to hronzite, and a chrome- diopside 
(B), from the olivine-nodules of the Liitzelherg, Kaiserstuhl range (p. 1435), have 
been analysed by A. Knop {Jahrh.f, Min. 1877, 697). The bronzite contained about 
1*5 per cent, chrome iron ore mechanically mixed, being itself free from chromium 
whereas in the chrome-diopside no such admixture was perceptible : 


SiO“ 

X* 


Cr=0=* 

FeO 

MnO 

MgO 

CaO 


52*50 

2*00 

2*29 

— 

6*07 

— 

32*23 

4*35 == 

99*44 

51*89 

2*30 

4*76 

1*09 

4*40 

0*54 

15*47 

19*73 = 

100*18 


* Residue left on dissolving the separated silica in soda-ley ; possibly'containing niobic and titanic 
acids, wMob, however, could not he detected, owing to the small quantity of the available material. 

K. Oehbecke {Inaug. Dissert. Wurzburg, 1877, 21 ; Jahrb. f. Min. 1877, 844) 
found in chrome-diopside from the palseopicrite of the Black rocks, Nassau: 

SiO“ AFO“ Cr=0^ FeO 3IgO CaO Sp. gr. 

50*443 5*105 1*403 9 696 17*418 14*629 = 98*694 * 3*202 

Saiite from Albrechtsberg in Lower Austria has been analysed by E. v. Ram- 
herger. It occurs in granular limestone, forming groups of crystals of various length 
up to 12 centimeters. A. analysis. B. calculation from the formula MgCaSi‘0® : 

SiO“ A1“0“ FeO CaO MgO Sp. gr. 

A, 55*60 0*16 0*56 26*77 18*34 = 101*43 3*167 

B. 55*56 — — 25*92 18*52 = 100 

Fassaite, from the Fassa andFleims valleys, has been analysed by 0. Boelter 
(Jahrb. f. Min. 1877, 647) with especial attention to the separation of the two^pxides 
of iron. 

1. Pure crystals from the Toal della Foga. 2. Crystallo-granular variety from 
the same locality. 3. Grass-green crystals from the northern declivity of the Mai 
Inverno : 


SiO“ 

A1=0" 

Fe-O^* 

FeO 

MgO 

CaO 

H^'O 


1. 43*81 

9*97 

7*01 

1*52 

12*51 

25*10 

0*51 = 

100*43 

2. 44*06 

10*43 

5-91 

1*67 

13*10 

25*20 

0*15 = 

100*52 

3. 41*97 

10*63 

7*36 

0*55 

10*29 

26*60 

2*70 = 

100*10 


These analyses show that fassaite is more nearly related to the aluminiferous 
augites than to diopside, hut that it is specially characterised by the predominance 
of ferric over ferrous oxide, and of lime over magnesia. 

PYRUHOTXM'f Fe’*S‘‘. Magnetic Pyrites, Pentlandite . — This mineral occurs, 
together with native iron, in the dolerite of Greenland, in masses varying from small 
grains to blocks of considerable size. It differs in appearance and structure from 
troilite, which is found in large nodules in meteorites. Its analysis gave : 

S Fe m Co Cu Sp. gr. 

38*38 58*48 1*05 0*55 1*58 = 100*04 4*46 


It is lighter than troilite (sp. gr. 4*9) and much more magnetic (J. L. Smith, Jnn. 
Chim. Phys. [5], xvii. 452). 
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,CH— OH 


PTRROUNS 


I (sea Ftrit* 
CH-CH 


FTJEAL-DERivATivBS, p. 836). Tliis base is formed in considerable quantity -vihen 
diethylamine is passed through a tube heated to low redness (C. A. Bell) ; in small 
quantity, together with ammonium cyanide, when acetylene containing small quantities 
of ethylene' is passed, together with ammonia, through a red-hot tube (Dewar, Proo, 
Boy. 800 . xxvi. 65). 

Aoetyl’'^yTroline^ C‘^H'*(G^H^O)N, formed by the action of acetic anhydride 
on pyrroline, is a liquid boiling at 133°. It is not attacked by ethyl iodide or by 
alkali-metals, and therefore does not contain an NH‘‘^-group ; in other words, the 
nitrogen-atom in it is directly associated with only 1 atom of hydrogen, as represented 
by the above formula. Bromine converts it into dibromacetyl-pyrroline, 
C2H30.N(CH— CHBr)2 (E. Schiff, B&r, x. 1500). 

Alcobolic or Alkyl Derivatives of Pyrroline, and Alkyl- 
pyrrolamides (0. A. Bell, Per. x. 1861; xi. 1810).— When the mucates of 
primary amines of the fatty series are heated in a paraffin-bath, there are produced : 
(1). AlJcylr^yTTolines, and (2). AllcylamidesoftheMono-Sind^di-carhoscylated^rivatives 
,f these ^yrroUms. Ethylamine mucate, for example, is decomposed as follows : 


(1). C®H^‘>Os(NH2C2Hs)« = O^H4(C2H5)N -f 200^ + 4W0 + 

Ethyl-pjrroline. 


• (2). CsH^“08(NH2.C2H'')2 = C4Hs(02H5)lSr.G0.hrH.C2]£5 -b GO^ + SH^O 

Diethyl-carbopyiTolamide. 


and the nascent ethylamine resulting from the first reaction acts farther on the 
ethylamine mncate, producing triethyldicarbopyrrolamide, thus: 

(3). G®«O8(OT2.G2H0" + - GiH2(C2H=)N(CO.NH.C2ff)2 + CH'-'O. 


Methylamine mucate undergoes a change similar to that represented in the last 
equation, but the amylamine salt is apparently decomposed as in (1) and (2). 

Methyl-, Ethyl-, and Amyl-pyrroline are colourless liquids boiling at 112®- 
113°, 131°, and 180°-184:° respectively (pyrroline boils at 1 33°). The first two resemble 
pyrroline ; the last has a powerful and characteristic odour. They dissolve in strong 
acids, and exhibit the pyrroline reactions with fir-wood, mercuric chloride, &c. When 
boiled with strong hydrochloric acid they do not, however, deposit any solid substance 
as pyrroline does. Potassium does not act on them ; whereas with pyrroline, hydrogen 
is evolved, and potassium-pyrroline, is formed. According to Lubavin 

{Zeitschr.f. Chem, [2], y. 399), ethyl iodide reacts with potassium-pyrroline, forming 
an ethyl-pyrroline boiling at 155°-175°, and having peculiar properties. This, how- 
ever, is not the case, the product of the reaction being the ethyl-pyrroline described 
above. 

Dimethyl-, Diethyl-, and Diamyl-carbojpyrrolamide are beautifully crystalline bodies, 
melting at 89®-90°, 43°-44°, and 77° respectively. Heated at 120° with strong 
alcoholic potash, the first two yield fatty amines and methyl- and ethyl-carbopyTrolio 
acids, GOT(OH3)N.GOOH and G'H3(C2H^)N.C00H, melting at 135° and 78° re- 
spectively. 

The third amide, however, only gives potassium carbonate, amylamine, and amyl- 
pyrroline, the corresponding acid being probably very unstable. Methyl- and ethyl- 
carbopyrrolie acids are also unstable, a solution of the latter in water behaving like 
supersaturated carbonic acid water, and rapidly giving off carbon dioxide in contact 
with rough surfaces. Dilute acids, boiling water, and sublimation also decompose 
these acids ; their salts are generally very soluble. 

Triethyl-dicarbo'pyrrolamide (from reaction 3) is crystalline and very stable, and 
melts at 229°-230°. Strong alcoholic potash at 130° decomposes it into ethylamine 
and ethyl-dicarhoyyTfolic acid, C^H“(G%^)N(GOOH)^. This acid sublimes without 
melting at 250°, partially decomposing into pyrroline and carbon dioxide. It is quite 
insoluble in water. Weak acids do not act on it : strong acids slowly decompose it. 

Boiling with dilute hydrochloric acid slowly dissolves ethyl-pyrroline, forming an 
insoluble amorphous base, which yields soluble uncrystallisable salts, and possibly has 
the composition being formed by the reaction : 

3G«H»H -h 2WO = + NH^.GTO. 

Bromine-water produces with ethyl-pyrroline a substitution-^vodnet, G^Br^N.C^H®, 
melting at 90° With di ethyl -carbopyrrolamide it forms a substitution-product, 
GBr^X(C-H®)CO.NH.G-H®, and a soluble crystal Usable oxidation-product having ;icid 
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characters and, probably, the constitution G^Br-0(0H).C0.NH.G*H*. The dimethyl- 
amide yields similar bodies. In no case was an addition-product obtained analogous 
to Schiff’s dibromacetylpyrroline (p. 1728). 

The mu cates of secondary and tertiary amines do not yield derivatiTes of pyrroline 
by distillation, but give off nearly the whole of their bases in the free state, leaving 
tarry residues. This fact, and the indifference of the alkyi-pyrroline bases to potas- 
sium and acid chlorides, confirm Baeyer’s pyrroline formula above given. During the 
distillation of ammonium mucate, pyrroline is probably formed by the action of ammonia 
on two of the hydroxyl-groups of the mucic acid, water and the imide-residue (NH) 
being produced, while one of the carboxyl-groups may remain attached to the pyrroiine- 
nucleus, and so give rise to carbopyrrolamine. When the mncates of the fatty amines 
are decomposed, one or both of the earboxyl-gronps may remain attached as shown 
above. 

Pyrroline and some of its homologues from bone-tar have q^uite recently been 
examined by Weidel a. Oiamician (Ber. xiii. 65-85). The tar was several times dis- 
tilled, then treated with acids to remove amine-bases, and the remaining oil was 
separated by repeated fractional distillation into three portions, boiling between 9S° 
and 150° : i50°-220'°; and 220° to above 360°. Pyrroline was obtained from the 
first fraction, together with toluene, ethyl-benzene, and several acids and nitrils of the 
fatty series ; while the second fraction yielded homologues of pyrroline represented by 
the empirical formulae C^H'N and C^H^hT. (For the methods of separating all these 
bodies, see Tar.) 

Pyrroline thus prepared is a perfectly colourless, highly dispersive liquid, which, 
when quite pure, remains colourless for several days ; it has a sp. gr. of O’ 9 75 2 at 
12-5°, and boils under a pressure of *7465 mm. at 126*2°. This last is the only 
property in which it differs from the pyrroline obtained by Anderson, who found it to 
boil at 183° (iv. 783) ,* in spite of this difference, however, Weidel a. Oiamician regard 
their pyrroline as identical with that obtained by Anderson. 

The second of the above-mentioned fractions (b. p. 150°-220°) was found tu con- 
tain two substitution-derivatives of pyrroline, represented empirically by the formnlse 
and The first of these, called homopyrroiine, isa colourless oil 

which smells like chloroform, and boils at 145’5° under a pressure of 742’8 mm. 
When exposed to air and light, it changes more quickly than pyrroline, hut is less 
readily acted on by acids, being merely converted into a viscid resinous mass, whereas 
pyrroline is strongly attacked by acids, and converted into a solid brittle resin. It 
unites with mercuric chloride, forming a white curdy-looking compound. 

Homopyrroiine has the same empirical composition as Dell’s methyl-pyrroline 
(p. 1728), but differs from it considerably in boiling point, methyl-pyrroline boiling 
at 112°-113°. Moreover, the mode of formation of the latter shows that the methyl- 
group in it takes the place of the hydrogen in theNH-group, whereas in homopyrroiine 
the CH^-gronp is not united directly to the nitrogen, but takes the place of one of the 
hydrogen-atoms in the C’^H^-group, inasmuch as it is converted into an acetyl- 
derivative, C'‘H®(CH^)N — by prolonged contact with acetic anhydride in 
presence of sodium acetate. 

The oil boiKng at 165° has the composition C®H®N, and may be provisionally 
formulated as dim ethyl-pyrroline, C‘*H^(CH^)“N. It has an unpleasant biting 
odour, without the sweetish after-scent of homopyrroiine. It unites with mercuric 
chloride, forming a white insoluble compound. It is very slowly attacked by acids, 
forming soft red masses not obtainable in definite form. It forms an acetyl-derivative, 
and therefore has both the methyl-groups included in the C'‘H^ nucleus, the formula 
of that derivative being G-*H®(CH^)-N(C-frO). Acetyl-dimethylpyrroline is a thicldsh, 
and at first colourless liquid, which is not quite insoluble in water, and does not 
solidify at —20°. It has a mild odour like that of bitter almond oil, becomes dark- 
coloured on standing, and after a certain time solidifies. Dy boiling with potash it is 
resolved into its constituents. 

A small fraction was obtained boiling above 165°, and probably containing still 
higher homologues of pyrroline. 

Anderson described under the name ^ Pyrrol-red ’ a substance having the composi- 
tion and formed according to the equation SC'^H^N -e H-0 = C‘“H*'*]Sr“0 + NH*. 

Wiedel a. Oiamician have tested this equation, and found it correct so far as regards 
the quantity of ammonia evolved ; but they have not been able to obtain the pyrrol- 
red of constant composition, as it continually absorbs oxygen during washing and 
drying, changing colour at the same time. 

The following table shows the distinguishing characteristics of pyrroline, and of 
homopvrroline, methyl-pyrroline, ethyl-pyrroline, and dimethylpyrroHne, 

VoL. VIll. 5 T 
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Characters of Pyrroline and its Homologues. 




Homo- 

Methyl- 

Dimethyl- 

Ethyl- 


Pyrroline, 

pyrroline. 

pyrroline, 

pyrroline, 

pyrrol JIG, 




0^H^N(CH") 



1 Boilinajpoint 

126*2°. 

145*0° 

112°-US°. 

165°. 

131°. 

Action of : 

Converted, 

Very slowly 

Unaliei’ed. 

Converted, 

Remains 

ECl. 

with great 
rise of tem- 
perature, 
into a brit- 
tle resin. 

converted 
into a sott 
resin. 


after pro- 
longed boil- 
ing, into a 
soft resin- 
ous mass. 

unaltered. 

HgCP. 

White pi 

ecipitate. 

— 

White pre- 
cipitate. 


KOH. 1 


Unaltered. 

Resolved into 
pyrroline 
and methyl 
alcohol. 

Unaltered. 


(02H30)20. 

Forms an 
acetyl-deri- 
vative melt- 
ing at 90° 
(R. Schiff). 

Forms an 
acetyl- deri- 
vative soli- 
difying be- 
low 0° and 
melting at 
4°-6°. 

No action. 

1 

Forms an 
acetyl-deri- 
vative re- 
maining 
liquid at 
-20° 

No action. 


Q, 


Qt7ARTZ. Occurrence and Formation. — Quartz has been found, together with 
iron-glance, in the clefts of a trachytic lava from Lipari, in small crystals exhibiting 
all the marks of volcanic sublimation (Gr. vom Rath, Fogg. Ann. cxlvii. 279). 

Th. Hiibener {Pogg.^ Ann. cL 643), on treating lignite from Grolitz with potassium 
chlorate and nitric acid, and then with ammonia and alcohol, found in the residue a 
number of small quartz-crystals (about, 3 grams from 1 kilo, of the lignite). Ho 
attributes their formation to the action of humic acid produced inutile lignite on a 
solution of silicates which had penetrated into it. Direct experiments made with 
the view of obtaining quartz by prolonged digestion of humic acid with silicates, 
yielded, however, merely negative results. 

Quartz may be formed from amorphous silica and from tridymite by the agency 
of sodium tungstate. For this purpose, silica and fused sodium tungstate are alter- 
nately heated and cooled between the temperatures 800° and 950°. The silica, when 
heated, combines with the soda, but on cooling it is precipitated by the tungstic acid, 
at first as tridymite, but below 850° as quartz. The amorphous silica disappears 
after several hours of alternate heating and cooling, being replaced by thin plates of 
tridymite, amongst which are very small crystals of quartz. The number and size of 
the latter increase considerably if the action of the fused salt belong continuetl. 
The crystals have the density and polyhedric forms characteristic of quartz, different 
forms being obtained according to the method of preparation adopted (Hautefeuille, 
Co7njpt. rend. Ixxxvi. 1133, 1194). 

Qmrtz^ as Psetidomorph after Crocidolite.—^hQ brown fibrous quartz from the 
Orange River, analysed by Klaproth is a mixture of pure white fibrous quartz with 
gothite (Fe-O'.H-O), which may be dissolved out by hydrochloric acid. Blue fibrous 
quartz is essentially a mixtiire of white fibrous quartz with crocidolite. Both varieties 
are pseudomorphs after crocidolite, the brown being the product of a slow and com- 
plete transformation, the blue of an incomplete and rapid transformation. The 
amount of alteration in each case is shown by the following analyses : 
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Tmniformation nf Crocidolite into Quartz. 



Asbestos-like 
crocidolite from the 
Cape. 
Stromeyer 

Brown fibrous quartz. 
F. Wibel 

Blue fibrous quartz. 

F. Wibel 

SiO® . 

50-81 

57-46 

97*27 

FeO . 

33-88 

Fe^O® 37*56 

FeO 1-67 

MnO . 

0-17 

— 

— 

MgO . 

2*32 : 

— 

__ 

CaO . 

0*02 

— 

0-15 

Na^O . 

7*03 

— 

0T5 

, 

5*58 

5*15 

0*76 


99*81 

100T7 

100-00 


In the formation of the brown fibrous quartz, the decomposition of the crocidolite 
mass appears to have been accompanied by an almost simultaneous washing out of the 
soda, magnesia, &c., and by an oxidation and hydration of the ferrous oxide. The 
3 3 '88 p. c. FeO of the original crocidolite is exactly equivalent to the 37*56 p. c.Fe^O® 
of the brown fibrous quartz. This shows that no iron has been carried away by the 
decomposing liquid, the whole of it having been oxidised in siUt, and deposited as 
gdthite, Fe^0®.H"0 ; and consequently that the circulation of the decomposing liquid 
and of the products of decomposition must have been veiy slow. This slow decompo- 
sition, indeed, has enabled the delicate fibres of crocidolite, while undergoing so complete 
a change of composition, to retain their form instead of being converted into a dense 
structureless mass of quartz. On the other hand, in the more rapid action which has 
produced the blue fibrous quartz, nearly ail the ferrous oxide has been carried away, 
together with the other monoxides, leaving ^'O-artz together with about 2*5 per cent, 
of unaltered crocidolite. 

These conclusions are confirmed by the microscopic examination of tbin sections 
of the two varieties. The bro^vn variety exhibits, both in longitudinal and in trans- 
verse sections, a complete and tolerably uniform impregnation with ferric hydrate, 
each individual fibre appearing more or less brown. In the blue mineral, on the 
other hand, a longitudinal section exhibits a white homogeneous matrix traversed by 
blue or sometimes brownish fibres, with sharp edges, running parallel to one another 
at various distances, and of various diameters ; and in accordance with this, the 
transverse section appears as a snow-white substance dotted with dark points. Under 
the polarising microscope, the white mass exhibits double refraction, with a brilliant 
play of colours. 

The quartzes which accompany crocidolite in a few other localities (G-oliing in 
Salzburg, Rudka in Moravia, &e.) must also be regarded, not as primary quartzes 
coloured by crocidolite, but likewise as secondary products resulting from an incom- 
plete but very rapid decomposition of that mineral. The same is true with regard to 
the blue iron ore of Klaproth. Quartz, indeed, in spite of its prismatic habit, appears 
to be incapable oi originally assuming the fibrous form of aggregation. 

On the crystalline forms of Quartz from various localities, see Jahrh. f. Min. 1874, 
81, 113, 190; 1875, 415; 1876, 264; Jahresh. f. Chem. 1874, 1243; 1875,1205; 
1876, 1226. 

On Quartz-diori te from Yosemite, see A. Schmidt {Jahrh. f. Min. 1878, 716; 
Chem. 8oc. J. 1879, 512). Quartz-hornblende andesite from Wollan in Styria; 
R. V. Drasche (JaW./. Min. 1873, 768 ; Jahresh. f. Chem. 1873, 1219). 

QUASSIA. Goldschmidt a. Weidel {JVien. Akad. Ber. Ixxiv. 389), by exhaust- 
ing the bark and wood of Quassia amara with water, obtained a yellow resinous body 
from which they did not succeed in separating the crystalline quassin described by 
Winckler and afterwards by Wiggers (v. 2). The resin darkens in colour on exposure 
to the air, and splits up into acetic and protocatechuic acids when fused with potash. 

QUXSBRACHO. The wood of the Quebracho Colorado, an Anacardiaceous tree 
growing in the northern part of the Argentine Republic, has a sp. gr. of ITl to^ 1T3. 
It is very hard, and of a light or dark brownish-red colour, and contains, according to 
Jean {Bull. Boo. Chim. xxviii. 6), 15-7 per cent, of a tannic acid not identical with 
that of oak-bark or chestnut wood, and 2*8 per cent, of another astringent acid, 
which behaves with reagents like gallic acid, and is not fixed by animal skins. 
Arnaudon has found in it a colouring matter which gives a fine yellow dye. The 
watery decoction of the wood is slightly acid. Quebracho is as suitable as sumach 
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for the preparation of morocco leather, especially in the production of dark colours 
(JDingl, pol. J. ccxsxi. 451). 

On the gum of Quebracho Colorado^ see G-um (p. 916 ). 

QUERCBTACrETIlff, A yellow colouring matter extracted from 

the -Sowers of the common marigold ( Tagetes patula). Its reactions^ in alcoholic 
solution are the same as those of quercetin, but it differs from the latter in crystalline 
form and solubility in alcohol. The crystals contain 4 mols. water, which they give 
off at 100°. If quercitin be regarded as {infra\ quercitagetin^ will be 

quercitin +H^O (Latour a. Magnier de la Source, Bull. 8oc. Ghim. [2], xxviii. 837). 

QTTEBCBTXM'. See Quercitrin. 

QtrERCZTOE, Querdte . — This saccharine substance, obtained from 

acorns, was discovered in 1849 by Braneonnot, who found that it does not ferment in 
contact with yeast. Dessaignes, in 1851, determined its composition, and showed 
that it is isomeric with mannitan and dulcitan, that is to say, that it contains the 
elements of mannitol, 'mmm H^O. Berthelot in 1855 showed that it is a 

polyatomic alcohol, and described several of its compound ethers. The results of all 
these investigations have already been described (v. 6). 

A more complete examination of quercitol has lately been made by Prunier {Ann. 
Ghim. Fhys. 1878, [5], xv. 5-91), who has especially investigated the derivatives 
obtained from it by the action of the haloid acids and of acetic and butyric acid. 

Prunier prepares quercitol by mixing the cold concentrated infusion of acorns with 
basic lead acetate, which throws down most of the impurities and colouring matter. 
The liquid is then fermented with yeast, freed from lead by means of sulphuric or 
carbonic acid and hydrogen sulphide, and evaporated. The white crystals thus 
obtained are finally purified by recrystallisation from dilute hydrochloric acid. 

Quercitol crystallises in monoclinic prisms exhibiting, according to Sdnarmont 
{Jahreab. f. Ghem, 3 857, 505), nhe combination coP.coPco.OP. h-P.Pco, having 
the axial ratio a:b: o= 0*8001 : 1 : 0*7662, and the angle «c=:68° 6T. Angle 
00 P : 00 P in the clinodiagonal principal section = 106° 30' ; P oo : P co in the same 
= 108° 52'; OP : +P 00=126° 17'; OP : odP=106° 44'. 

Quercitol is optically dextrogyrate; [a]D = 24*17° ; has a density of 1*5845 at 13°; 
dissolves in about 11 pts. of water at 12°, and in about 9 pts. at 20° ; is insoluble in 
alcohol, ether, benzene, and chloroform ; melts at 225°. When heated at 100° for 
some days, quercitol gradually loses water and approximates to the composition 
4C®H^-0®~H20. When heated to 240° in a vacuum it yields about throe-fourths of 
its weight of an anhydride, C^‘H2'‘0» = 2C®H>-05-. H^O = (C®H^oO‘)(C«H‘20s). This 
anhydride (which may be regarded as a compound of quercitol and qiiercitan) molts 
at 228°-230°, dissolves much less freely than quercitol in water, and is nearly insolu- 
ble in alcohol and ether. Between 250° and 275° quercitol loses more water, and 
yields a sublimate of white, highly refracting, tabular crystals melting at 101°-102°, 
the nature of which has not yet been determined. At 280°~290° a totally different 
reaction takes place : the fused mass swells up enormously, giving off hydrogen, and 
the retort becomes filled with yellowish-green vapours of quinhydrone and quinol 
(hydroqninone), the latter of which condenses in long yellowish needles melting at 
160°. This reaction may perhaps be explained as follows: a molecule of quercitol 
losing 3 mols. of water is first converted into quinol, — SH^O = ; and the 

quinol by loss of H- gives rise to quinoiie, which combines with more quinol to form 
quinhydrone, 

Quercitol, when fused with potash, evolves hydrogen and yields quinol and quiu- 
hydrone, together with pyrogallol (or an isomeric substance), and oxalic and malonic 
acids. 

Acetoquercitols. — Monoacetoquercitol, C®H^^(C‘-^H®0)0®, formed on heating 
quercitol at 100° with glacial acetic acid in sealed tubes, is a white solid substance, 
difficult to crystallise. Triacetoquerdtol, C®H°(C2H®0)®0®, is readily formed on heat- 
ing quercitol at 130°-140° with excess of glacial acetic acid containing 1 or 2 per 
cent, of acetic anhydride. It is a colourless amorphous solid, of bitter taste and faint 
aromatic odour, insoluble in water, soluble in alcohol and ether. Fentacetoqucrcifol, 
C®H^(C*H®0)''’’05, is obtained by heating quercitol at 150° for many hours with excess 
of acetic anhydride. It is a colourless amorphous solid body, of very bitter taste, 
soluble in alcohol and ether, and very sparingly in water. The acetoquercites are 
more volatile than quercitol. When submitted to dry distillation they appear to 
yield monacetoquercitan. 

Butyroquercitols. — Mombutyroquer extol ^ C°H^'(C‘‘H^O)0®, formed on heating 
quercitol at 100°-115° with butyric acid, is a semi-solid colourless body, of bitter 
taste, soluble in ether and less freely in alcohol and water. "Tributyroquerdtol, 
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C®H®(G^H’0)50^^ is formed on heating quercitol at lo0°-160° for many hom’s with, 
excess of butyric acid. It is a syrupy uncrystallisable body, soluble in alcohol and 
ether. Pentabutp'oquerciiol, C®B[’(G'*H^O)2d®, is produced on heating the preceding 
compounds at 180° with a large excess of butyric acid. It forms a syrupy liquid of 
bitter taste, soluble in alcohol and ether, but scarcely so in water. 

Qiier oitolchlor hydrin s. — Quercitol treated with dilute hydrochloric acid, even 
at 100°, is simply dissolved in large quantity ; but the concentrated acid attachs it in 
such a manner as to substitute HCl for the elements of water, whilst the strongest 
acid (saturated at 0°) exerts at the same time a dehydrating action, resulting in the 
formation of quercitan and its chlorhydro-derivatives. 

Qiiercitol-monochlorhydrin, G^H^CIO'*, is formed on heating quercitol in the 
water-bath with excess of hydrochloric acid saturated at 10°. It is a white crystal- 
line substance, soluble in ether and in alcohol, and melting at 198°-200°. The mother- 
liquor contains quercitm-^ionochlorkydrin, C^H^GiO®, a viscid uncrystallisable body 
soluble in absolute alcohol. Quercitol-irichlorhydrin^ G®H®CPO% formed on heating 
quercitol at 120°-140° with excess of hydrochloric acid, crystallises in long flattened 
needles melting at 155°. QueTcitol-peiitacJdorhydrin, C®H^01^ obtained by heating 
the last compound afresh with hydrochloric acid, crystallises in slender yellow needles, 
fusible at about 102°. The mother-liquor contains quercitan-ehiorhydrin, which is, 
indeed, the chief product, corresponding in quantity wdth two-thirds of the quercitol 
employed : 

06H1205 + HCl - 2WO = C^HsO^Cl. 

Queroitan^ is obtained by saponifying with baryta the chlorhydrin 

just mentioned, neutralising exactly with sulphuric acid, and evaporating. It is 
a colourless uncrystallisable and slightly deliquescent substance, soluble in water 
and in alcohol, insoluble in ether. When dissolved in 85 per cent, spirit it gradually 
takes up water, becoming converted into quercitol. 

Action of Hydrohromic Acid on Quercitol. — Hydrobromic acid (sp. gr. 1’7) appears 
to act on quercitol at 100° in the same manner as hydrochloric acid, producing a white 
crystalline substance soluble in water, and having the composition of qxierdtol-mono- 
hrcnnhydrin. But at higher temperatures the action is entirely different, the products 
being aromatic bodies, including benzene, phenol, quinol, quinhydrone, quinone, and 
brominated derivatives of these last, which are stiU under examination. 

Action of Hydriodic Acid on Quercitol. — Quercitol when distilled with hydriodic 
acid saturated at 0°, yields benzene (in quantity corresponding with half the quercitol 
employed), phenol, iodophenol, quinone, quinol, hydroxy quinones, and volatile iodised 
products transformable into The cold acid dissolves quercite freely, with 

slight rise of temperature, but no hydriodide has been isolated. 

In accordance with the foregoing results, quercitol may be regarded as belonging 
either to the fatty or to the aromatic series of compounds. On the one hand, its 
behaviour with acids shows that it is a polyatomic alcohol capable of yielding a series 
of ethers of the general formula in which A represents 

a monobasic acid and w=l. 3, or 5. Its decomposition by heat and by the action 
of potash, or of hydrobromic or hydriodic acid, indicates, on the other hand, its 
derivation from benzene : G**!!® — 2H^ H- 2H'0 = G®H®0“ (quinol) ; and 
C®H®0* -f- 3H-0 = (quercitol). It is the type of a group of bodies forming a 

connecting link between the two series. 

QUBRCITRZXr and <^XJB3aCETlir (I. Lowe, Zeiischr. anal Chem. 233, 247). 
Quercitrin is usually regarded as a glucoside, since, according to the statements of 
various chemists (v. 4, 6), it is resolved, on boiling with dilute acids, into sugar and 
quercetin. Lowe, however, finds that quercitrin is not a glucoside, inasmuch as it 
differs from quercetin only by a certain number of molecules of water, and may be, 
for the most part, converted into the latter substance by simply heating its aqueous 
solution, in which change no sugar is produced. 

To prepare quercitrin, Lowe exhausts with alcohol the quercitron-bark of commerce, 
evaporates the &tered extract, dissolves the residue in water, and shakes the solution 
repeatedly with ether. The residue left on evaporating the ethereal liquid is taken 
up with alcohol, and mixed with a large quantity of hot water, to separate the quer- 
citrin. The product, after recrystallisation from boiling water and prolonged drying 
over sulphuric acid, forms light yellow shining scales, and gives on analysis numbers 
agreeing with the formula The crystals lose water at 120°, melt at 130°- 

133° without further loss, and solidify to a brownish-yellow mass on cooling. The 
fused substance gives on analysis numbers agreeing with the formula C^'’H^ ‘0®. The 
above formula of quercitrin was confirmed by analyses of two lead-salts, which were 
found to have the formulae 0^®H^*0^2Pb0 and C^^ff^O^PbO. 
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Quercetin. — Q,uereitrin suspended in water and heated at 110° for some days in 
sealed tubes, is resolved for the most part into a body having the properties of 
quercetin and giving on analysis numbers agreeing with the formula Quer- 

cetin may therefore be regarded as an anhydride of qiiercitriii. This result accords 
with the fact previously known, that quercitrin yields quercetin by dry distillation. 

Lowe also dnds that when an aqueous solution of catechu is shaken up with ether, 
the ether takes up quercetin, which may thus be shown to exist in all kinds of 
cateehu, though in many varieties the proportion is so small that it can be detected 
only when several pounds of material are operated on. The existence of this substance, 
which in itself is almost insoluble in cold water, in a cold extract, is due, according 
to Lowe, to the presence of catechntannic acid. From sumach, especially the Sicilian 
variety, Lowe obtained yellow needles or flocks, moderately soluble in hot water, and 
exhibiting all the reactions of quercitrin. 

QxrZXfCB-MtrcXZiAGX:. See Plant-jiucilaoe (p. 1638). 

QUrnKYDROWB. See Quinone (p. 1741). 

QtJXXfXG ACXB, C’H*20®~C®H^(0H)hC00H. Ethyl quinate, treated with 
acetic anhydride, is converted into ethylic tetracetylqiiinate, C°H^(0CTO0)‘‘.C00C2H®, 
showing that quinic acid contains four hydroxyl-groups. Ethylic tetracetylquinate is 
almost insoluble in cold, and only sparingly soluble in boiling water, but dissolves 
easily in hot alcohol and ether. It crystallises from boiling water in plates (m. p. 
135°), and can be sublimed without decomposition. Ey slow evaporation of the 
ethereal solution, it can be obtained in large colourless rhombic crystals. 

Quinic acid, heated with hydrobromic acid in sealed tubes at 130°, yields benzoic 
and protocatechuic acids, thus : 

2[C«H^(OH)'‘.COOH] - C'^H^COOH + C®H3(OH)2.COOH + 

together with small quantities of parabromophenol and quinol. These facts show 
that quinic acid is nearly related to hexhydrobenzene and qiiercite, thus : — 

omxoB.y c«h^(oh)'‘.cooh 

Hexhydrobenzene. Quercite. Quinic acid. 

(Eittig a. Hillebrand, Liebig's AnnaleUy cxciii. 194). 

According to 0. Loew {J.jpr. Ghem. [2], xix. 309), quinic acid is a constituent of 
hay, and the hippuric acid which is present in the urine of herbivorous animals is 
perhaps one of its products of decomposition. 

qxjXNXmtH, quXN'XBXBrs, and iVXiXiXBB bases. See OiNCHDlfA-BASES 
(pp. 489-495). 

Oxidation-products of Quinine. — “When a solution of quinine sulphate, which has 
been acidified with sulphuric acid, is oxidised in the cold by potassium permanganate, 
it splits up into formic acid and quitenine or chitmine, + 4H''^0, according 

to the equation + 20“ = + OH^O^. Quiteninc, which is 

identical with Kerner’s a-dihydroccgl-qumine {Zeitschr. f. C?iem. 1869, 593), is sepa- 
rated from the precipitated manganese dioxide by repeated lixiviation with boiling 
alcohol. It crystallises in colourless prisms, which are insoluble in ether and in 
absolute alcohol, but dissolve freely in acids, and in water to which a few drops of 
ammonia or potash have been added. Quitenine is a weak base, and forms the follow- 
ing compounds : 

(Oi9H22N2O0='(H2SO^)3-hl5H2O, 0’°H“*]S[=0^Ag, and 
Ci9H22N"0‘‘H2Cl«Pt + 3H20. 

Quininio acid, C^H^ISTO^, is obtained by oxidising quinine with chromic acid, 
neutralising the product with baryta-water, and decomposing the barium salt with 
hydrochloric acid. On evaporating the solution, quininic acid separates in prisms. 
The mother-liquor is treated with lead carbonate, and the lead salt decomposed by 
sulphuretted hydrogen. A non-crystalline syrupy liquid is thus obtained, which 
resembles the crystalline acid in its chemical properties (Skraup, Ser. xii. 1104). 

Periodides of Quinine and Allied Bases. The sulphato-periodides of these 
bases have already been described (pp. 479, 486, 489-491, 493). The following acid 
periodides have also been described by Jorgensen {L. pr. Ckcm. [2], xv. 65, 418). 

Selenato-pcr iodides. — These salts are formed by treating the selonates of 
alkaloids with a mixture of alcoholic iodine-solution and hydriodic acid. Selenic 
Eerapathite,‘AG‘^^lL'^W^O‘iZ'K-BGO\ obtained by mixing the calculated quantities of 
its ^constituents in hot alcoholic solution, is isomorphous with ordinary herapathite and 
clo'^ely resembles it, but is less soluble ; it does not dissolve in carbon sulphide, ether, 
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or cHoroform. The alcoholic solution when shaken up with mercurj yields not a 
trace of mercurous iodide, but a coiourless iodine double salt, strongly resembling the 
corresponding sulphur-compound. Treated in alcoholic solution with tincture of 
iodine, it yields bronze-yellow needles, probably analogous to the third quinine 
sulphato-periodide (p. 490), and on dissolving these crystals in hot alcohol, an olive- 
grey compound separates, resembling the second sulphato-periodide of quinine. 

Selenato-feriodides of Quinidine. — (1). 2C^®H-^KW.H-Se0^.2Hr.I^ prepared with 
deficient iodine, but with calculated quantities of the other constituents, crystallises 
in red-brown orthorhombic prisms, resembling the corresponding sulphur-compound. 
Optical action * || comparatively light; -f comparatively dark brown. "When shaken 
in alcoholic solution with mercury, it yields an iodine double salt which does not melt 
when heated with an insufficient quantity of iodine, like that formed from the 
sulphate. 

(2). 4C-®H-‘^N^02,4H-Se0‘*,3BJ,I’®, is prepared like the second sulphato-periodide 
of quinine (p. 490), which it very much resembles, excepting that it is somewhat 
darker. Polarisation strong ; [ | opaque ; + olive-yellow. Shaken with mercury, it 
forms an iodine double salt, which melts when heated, and resolidifies amorphous. 
The formula of this selenato-periodide is probably : f 


MH. HI. i!’ au|seO< 

a view which is supported by the fact that its alcoholic solution, when agitated, yields 
crystals of the compound : 


TO 1 % I, HM,. 
P, I, HM^'^ 


8elenato-‘periodide of Cinchonine, 20-°E[-*N-0,H-Se0^2in,I®, is prepared like the 
third sulphate periodide (p. 479), which it closely resembles. 

Selenaio-periodides of Cinchonidine : (1). C-®H-'*N-0,9H-Se0'‘,8HI,I“^ + 8H-0, is 
prepared like the sulphur-compound (p. 486), which it closely resembles; it must be 
washed with strong alcohol. Optical character: || opaque; + very faint olive - 
green. 

(2). 2C-"H-‘‘N"0,H‘S60‘‘,HI,I‘‘-}-E[-0, formed, with separation of H^SeO^ and HI. 
by the action of dilute alcohol on the last compound. When recrystallised from 
dilute alcohol, it forms red-brown needles resembling the fourth sulphato-periodide 
(p. 486). 

’Bhosphato-periodide of Cinchonidine, sepa- 

rates from an alcoholic solution of calculated quantities of its constituents, in long 
dark-brown shining needles which have a bluish reflex and polarise slightly : || lighter, 
+ darker brown. It contains unaltered cinchonidine. The hot alcoholic solution, 
shaken up with mercury, yields mercurous iodide and a double salt. There is also at 
least one more pbosphato-periodide of cinchonidine, obtained under circumstances not 
definitely known, in dark brown laminae with violet reflex, probably having the com- 
position 4C=°H-^N20,3PH^0 S4HI,r- 

Arsenato-periodide of Cinchooiine, 2C-°H®'*N-0,2AsH^0^HI,P, exactly 
resembles the corresponding phosphate. 

Oxalato-periodide of Cinchinine, 4C^°H-‘‘N20,2C-H“0'*,4HI,P^ is formed 
when 1 mol. cinchonine, dissolved in 20 c.c. normal oxalic acid and alcohol, is mixed 
with 1 mol. HI and 3 at. I, and separates in the purest stete from dilute solutions ; 
it forms black, shining, apparently orthorhombic prisms, mostly quite opaque. When 
shaken up with mercury, it yields indistinct yellow granules of a double salt, together 
with mercurous iodide. 

Oxalato-periodide of Cinchonidine, 2C^®H“'‘N"0,G^H-0‘,2HI, II separates 
from the hot alcoholic solution of calculated quantities of its constituents ' in thin 
red-brown needles. Polarisation |j yellow; + brown to opaque. Eational formula : 

0,020^,0 HCiH,I,PJH2 J 

When agitated with mercury, it yields no mercurous iodide, but only a double salt in 
slender pale yeUow needles. 

0 xalato-periodidcs of Mefhylquinine. — Several of these salts appear to be 
producible, but they are all very much alike in physical properties and solubility ; 
two whieii crystallise in black prisms appear to be represented by the formnlse 
2C2«H24H‘'02.0H3 j^ 2C“H201P and 2C=«H2‘H202 CHH,2C2H20^ P. 


* I! with parallel Isicols ; + with crossed Mcols. 
t M = C“'’H='*]S“0“H,Se0‘‘; Qu = 



me Qiri]sriBETiK--QumizAEiK. 

Tartrato-jperiodide of Cinchonidine, is formed 

when 1 mol. cinchonidine is dissolved with at least 2 mol. tartaric acid, and 1 mol. HI 
in 100 e.c. strong alcohol, and the solution is mixed with 1 at. iodine. It forms long 
thin red-brown prisms which, when shaken with mercury, yield no mercurous iodide, 
but an oily, yellow, gummy double salt. 

Hydrochloro f er iodides of QuUiine'. (1). 3C'^”H^^N^0^8H01,4HI,I^°, pys- 
tallises in blackish-green flat needles when pure quinine (1 mol.) is heated with a 
large excess of dilute hydrochloric acid and alcohol, and an alcoholic solution of 

2 mols. iodine is then added. The crystals polarise strongly : 1 1 brown to brownish- 
yellow ; + opaque. By agitating it with mercury, a large quantity of mercurous iodide 
is formed, together with an amorphous double salt. (2). 4C“”H-'‘N-0‘,3HGl,dHI,I'*, 
is formed in light brown crystals when 1 mol. quinine is brought in contact with 

3 mols. hydrochloric acid, and 3 mols. potassium iodide in solution ; it must be quickly 
filtered off and dried. The polarising power of this salt is very feeble. When dry, 
it requires a temperature above 100° to melt it, but under boiling water it melts 
easily with separation of iodine. 

Hy dr oohloTo- 'per iodide of Cinohonine, obtained like the quinine-compound, 
crystallises in long brown shining prisms, and when shaken wdth mercury, yields no 
iodide, but only a pale-yellow, oily, mercury double salt. 

Jorgensen considers that the iodine in aU these compounds is present in two 
different forms, viz., as hydrogen iodide, and in a looser form of combination, in which 
it may be called ‘ molecular iodine,’ since it exhibits many of the properties of free 
iodine, acting, for example, on polarised light like the tourmaline, a property which 
Jorgensen has shown to be possessed by crystallised iodine. 

QiXTXK'XRBTIlKr. This name is given by ELiickiger {Fharm. J. Trans, [3], viii. 
885) to a substance, probably isomeric with quinine, which is produced by the action 
of light on quinine in solution. A clear solution of 1 pt. quinine in 2000 pts. water, 
exposed to summer sunshine, assumed a yellowish or brownish coloration, andaffer a few 
days deposited a flocculent brown precipitate, only a very small trace of alkaloid being 
left in solution. This change takes place when quinine dissolved in water previously 
freed from air by boiling is exposed to sunlight, also on exposing a solution of quinine 
to the direct rays of the sun in an atmosphere of hydrogen. Quiuiretin has no alkaline 
reaction, neither does it neutralise acids, in which, however, it is freely soluble ; it lias 
a very bitter taste, and is insoluble in alcohol, ether, and water. The hydrochic ric 
acid solution is precipitated by ammonia, but not by tannin. Nessler’s solution produces 
a precipitate. It is dissolved by chlorine-water, the solution yielding a green precipitate 
when treated with ammonia. Quinine in the dry state is not so readily transformed as 
when it is dissolved in water or alcohol. The other cinchona alkaloids, being more 
sparingly soluble in water, are not so easily changed. Solutions of quinic acid, con- 
centrated or dilute, are scarcely affected by exposure. Aqueous solutions of morphine 
or strychnine are only slightly coloured, whilst codeine or brucine are coloured very 
strongly. The solubility of the ahcaloid seems to play a prominent part in the trans- 
formation, but the subject requires further investigation. 

QtllWSZARlW, = (Liebermann a. Giesol, Her. 

X. 606). This isomeride of alizarin, which Grimm obtained by heating quinol with 
sulplnirie acid and phthalic anhydride (p. 102), is likewise produced when a mixture 
of phthalic anhydride and paraehlorophenol, in equal numbers of molecules, is heated 
for some hours at 110° with a quantity of sulphuric acid equal to ten times the weight 
of the ehlorophenol. In this way 8 to 10 per cent, of the chlorophenol is converted 
into quinizarin. A certain quantity of purpurin is formed at the same time, but can 
be easily separated, as quinizarin is almost insoluble in a cold solution of sodium' 
carbonate. 

Beductmi-products. — Quinizarin, boiled with dilute hydriodic acid and phosphorus, 
or heated with hydrochloric acid and stannous chloride, is reduced to hydro- 
qui nizar in, which crystallises from alcohol in yellow needles. It forms 

an insoluble yellow barium salt, and its alkaline, yellow, fluorescent solution readily 
absorbs oxygen, and is reconverted into quinizarin. Sometimes if the reaction is car- 
ried on longer it goes further, producing quinizarol, which resembles 

hydroqiiinizarin. 

When quinizarin is boiled for an hour with hydriodic acid of sp. gr. 1 *8, and an 
excess of phosphorus, it yields hydroanthracene-quinol, which is 

readily soluble in alcohol, ether, and acetic acid, and crystallises in yellowish-white 
rhombic pLates melting at 99° ; its solutions show a strong greenish-yellow fluorescence ; 
it volatilises with steam ; the alcoholic solution is coloured green by ferric chloride. 

It forms a crystalline potassium salt, and insoluble yellow lead and copper 
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salts, which are obtained by precipitating the alcoholic solution containing a little 
ammonia with the corresponding acetates, the lead compound, forming 

microscopic needles. On heating the qninol with a mixture of acetyl chloride and 
acetic anhydride, the compound is obtained, forming pale yellow 

warty crystals, which melt at 136^-138°. 

An ammonia- compound conld not he obtained, but ethylamine acts readily on the 

qumol, yielding the compound crystallises in lemon-yellow 

silky needles, melting at 162^ and decomposed by boiling alkalis. When the qninol 
is boiled with acetic acid, manganese dioxide, and sulphuric acid, it is oxidised to 
which crystallises in orange-coloured needles melting at 191®. 

The constitution of the preceding compounds is expressed by the formnlge : 


Hydroqumizaxin. 

\0(0Hr 


Quinizaxol. 

/CH(OHK 
'CH" — 


Hydroanthracene-quinoL 


QtTZSiTOlff = C®.(OH).B[.H.OH.H.H. Paradih^drox^hemene (hitherto 

called Hydroquinone ; see Nomenclature, p. 1420). 

Formation and Pre^yaraiion. — 1. Together with phenoqninone (vii. 1036) by adding 
quinone to a solution of phenol, Ihe phenoqninone dissohing while the qninol 
separates ont : 

2C®H402 + 2C6H®0 = 

Qmnone. Phenol. Quinol. Phenoqninone. 

(Wichelhans, Per. x. 248). 

2., By boiling an aqueous solution of diazophenol sulphate with 10-15 per 
cent, strong sulphuric acid * 

C«H^(Ofi)N=N,OH = C«H^(OH)2 + m 

The quinol may he extracted from the product by ether after cooling. The yield 
amounts to 46’2 per cent. If no sulphuric acid is added, resinisation takes place on 
boiling, fcjtrong hydroeliloric acid may also he added instead of sulphuric acid, in 
which case from 30 to 36 per cent, quinol is obtained, together with resin (Weselsky 
a. Schuler, Per. ix, 1159). 

3. By the action of hydroxylamine hydrochloride on a dilute aqueous 
solution of nitrosophenol. No action takes place in the cold, but on gently heating 
the liquid, torrents of nitrogen are given off, and the solution is found to contain 
quinol. Probably diazophenol is first formed, according to the equation : 

C®HXOH)NO NH2.0H = H=0 + C6HXOH)N=:N.OH, 
and then converted into quinol in the manner above explained (E. Hepp, Per. x. 
1654). 

4. By reducing the methylic ether of paranitrophenol with tin and 
hydrochloric acid, converting the resulting paranitranisidine by the action of 
nitrous acid into paradiazo-anisoil, and decomposing the sulphate of this base with 
water. The salts of paradiazo-anisoil are but slowly decomposed by boiling with 
water or dilute acids, and it is therefore better to heat the solution for some hours in 
a sealed tube at about 140°. The greater part of the diazo-compound is thereby con- 
verted into a brown viscid substance, probably consisting for the most part of methyl- 
quinol, while a small portion is converted into quinol, which may he extracted from 
the watery liquid in the tube by agitation with ether (H. Salkowski, Per. vii. 1008). 

6. Prom bromosalicylic acid, C®.OH.CO-H.H.Br.H.H. (which, when heated, 
yields [1-4] hromophenol), by fusion with sodium hydroxide, whereby it is converted 
into the corresponding hydroxysalicylic acid, [OH : CO-H : OH=l : 2 : 4], m. p. 
196°-197°, and heating this latter in a sulphuric acid bath at 215°, whereupon pure 
qninol sublimes ; if the acid be distilled from a retort over an open flame, catechol 
(pyrocatechin) will pass over, though in subordinate quantity, together with the quinol 
(Eakowski a. Leppert, Per. viii. 788). 

6. Together with quinone and other products by heating quercitol above 280° 
(p. 1740). 

7. By passing a current of air for three or four hours through an alkaline solution 
of ethyl sued no succinate (see Succinic Ethers), mixing the resulting brown 
liquid with excess of acetic acid, filtering, and treating the filtrate with sulphuric acid, 
which throws down a yellow ciystalline body, containing, together with other products, 



1738 QUINOL. 

quinol-di carboxylic acid, C®H;‘ 0^(00 OH)-, which, when heated with potassium 
hydroxide, yields quinol (H. HerrraaiiQ, Sc?', x. 107). 

8. Quinol maybe prepared from aniline by the following process. 1 pt. of 
aniline is dissolved in 8 pts. of sulphuric acid diluted with twice its bulk of water, and 
to this solution, after cooling, a saturated solution of 2J pts. of potassium bichromate is 
added gradually, too great a rise of temperature being avoided.^ The thick pulpy 
mass of aniline-black produced at first changes after a time to a dirty-brown solution, 
which is then to be treated with sulphur dioxide in excess, and afterwards agitated 
with ether. The ethereal liquid, when distilled, leaves a brownish crystalline residue 
of crude quinol, amounting to 16 per cent, of the aniline employed. 

Toluquinol may be prepared in the same manner from orthotoluidine (Nietzki 
Se?'. X. 1934). 

Crystalline For?n. — ^According to 0. Lehmann {Zeitschr.f. Kryst. i. 44), quinol is 
dimorphous, one of its modifications being the ordinary stable form which the com- 
pound assumes when crystallised from water, the other the unstable form produced on 
sublimation. This latter takes the form of laminar monoclinic crystals, in which 
a : b : <?- 2*605 : 1 : 1*558 and ac = 73°. The measurements (only approximate) give 
the faces OP, oo^oo, +P, and the angle +P : ~P = 112° 4'. The plane of the optic 
axes is the plane of symmetry. On a plate inclined to the median line, the angle of 
the optic axes in oil is 92°. The stable modification is hexagonal (rhombohedral- 
hemihedral). Axes a : c—1 : 0*6591. The crystals are elongated prisms of the second 
order, with the face co P2, at the end of which there occurs only -f R or — IR, as well 
as — R. The observed angles are — R : — R=62° 57' ; +R : ooP2 = 58° 22'. Double 
refraction slightly positive. The crystals of the unstable modification appear to 
change into the stable modification when left to cool slowly after their formation. 

Meltiny Point. — Hlasiwetz a. Habermann (Ser. viii. 684) find, in opposition to all 
previous statements, that the true melting point of quinol is 169° — a result which 
establishes its identity with pyrogentisic acid, the product obtained by the action of 
heat on gentisic acid (p. 860). « 

Scaotion with Sit?'ous acid. — When nitrous gas is passed into a solution of quinol 
(in ether ?), cooled with ice as long as it continues to be absorbed, small golden- 
yellow needles separate, probably consisting of dinitrodihyclroxyquinono, 
C®(]S[0-)-0'“(0H)2, the quantity increasing on addition of water, and red fumes being 
at the same time evolved (Nietzki, Rcr. x. 2147). 

Berivatives of Metliyl- and XSthyl-quinols. Dichlorodio?icthylquinol, 
C®H2Cr“(00H^)“, separates in colourless needle-shaped crystals when chlorine-gas is 
passed into a solution of diraethyl-quinol in glacial acetic acid. It molts at 126°, dis- 
solves in ether, alcohol, and hot glacial acetic acid, but is insoluble in water. Tetra- 
chlorodimethylqiiinol, C®C1‘‘(0CHD^ is formed on saturating the mother-liquor 
of the dichloro -compound with chlorine, and separates in yellowish- white needles 
which melt at 153'’-154°, but begin to sublime at a low*er temperature. It dissolves 
easily in alcohol and ether. The filtrate from the tetrachloroquinol contains tetrn,- 
ehloroquinone and another chloro-compoimd, which is very soluble in alcohol, and 
sublimes in violet crystals melting at 79° (Habermann, Ser. xi. 1034). 

Sibfomodimctkylquino I, prepared by slowly adding bromine to a solution of 
dimetliylquinol in hot glacial acetic acid, forms colourless crystals, which melt at 
142°, and sublime without decomposition. It is soluble in boiling glacial acetic acid, 
and insoluble in water (Habermann). 

Fitr 0 dimethyl quinol, C®H^(NO-)(OCH^)-, separates in golden-yellow crystals, 
when strong nitric acid is added to an emulsion of climethylquiuol and warm water ; 
it melts at 70°-71°, sublimes at higher temperatures, and dissolves in alcohol. 

Sinitro dimethyl quinol is obtained by mixing a solution of dimethylquinol in 
glacial acetic acid with an equal volume of strong nitric acid, leaving the mixture at 
rest for a quarter of an hour, and then adding water, which precipitates the nitro- 
compound in the form of a yellow crystalline powder. It is soluble in alcohol and 
glacial acetic acid, but insoluble in water; melts at 169°~170°, and sublimes 
readily. 

Trinitrodimethylquinol is formed on adding a solution of dimethylquinol or 
of dinitrodimethylquinol in glacial acetic acid, to a well-cooled mixture of sulphuric 
and fuming nitric acids. On dilution with water, a yellow iDrecipitate is produced, 
which dissolves in hot alcohol, and is deposited from the alcoholic solution in yellow 
brittle prisms (Habermann). 

Nitrodiethylqioinols (Nietzki, Rer. xi. 1448 ; xii. 38). — The mo?ionitro~com- 
you?id, C®H^(NO‘'^)(OC''^B[^)2, prepared by mixing a solution of dietliylquinol in 5 pts. 
glacial acetic acid with an equal volume of nitric acid sp. gr. 1*25, crystallises from 
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an alcoholic solution in golden-yellow needles melting at 49®. By the further action 
of nitric acid, it is conrerted into two dinitro-derivatives^ one 

melting at 176®, the other melting at 130®, and dissolring freely in alcohol (Nietzki, 
Ber, sii. 38). The first of these eompoimds is also formed, together with a tnnitro- 
derivatire, by adding a solution of diethylquinol in acetic acid to fuming nitric acid, 
and without admixtoeof the trinitro-compound, by treating diethylquinol with weaker 
nitric acid. As thus obtained, it forms lemon-yellow laminee, insoluble in water, easily 
soluble in alcohol, melting at 172°. 

Trinitrodiethylquinol, C®H(NO-)^(OG2H^)-, obtained by the action of a mixture of 
nitric and sulphuric acids on dietliylquinol, crystallises from alcohol in long pale 
straw-yellow needles melting at 133®, and turning orange-yellow when exposed to 
light. Heated in sealed tubes with alcoholic ammonia, it is converted into a red 
compound, or probably 0®H(N0-)-(NH2)“(0C-H®), formed by replacement 

of the ethoxyl-group by NH^ and of the nitro-group by another lSrH--group. This 
compound is neither acid nor basic ; but when hoiled with potash it gives off ammonia, 
and is converted into a bibasic acid, or C®H{N02)”(OH)“(00"H®), which 

crystallises from alcohol in golden-yellow needles having a violet reflex, melts with 
decomposition at 143°, dissolves sparingly in water, easily in alcohol, ammonia, and 
alkalis. Its alkali-salts are easily soluble ; the barium salt forms sparingly soluble 
orange-coloured needles. 

Biamidodiethylquinol, obtained by the acti on of tin and hydrochloric acid 
on the dinitro compound, is converted by nitrous acid into a body having the composi- 
tion thus: C^off“(NH-)202 + NO=H=2H-0 + C^«H^3j^W. This compound 

crystallises in colourless needles, melts at 233°, dissolves in absolute alcohol and 
glacial acetic acid ; also in caustic alkalis, and is precipitated therefrom by acids 
(Nietzkd). 

A^o-diethylquUiol, = (O^H^Oy^OTs— H=iN-C^H3(OG'®)2, is 

formed, together with a hydrazo derivative, by treating a solution of mononitrodi- 
ethylquinol in alcoholic potash with a small quantity of zinc-dust. The liquid, which 
at first assumes a deep-red colour, is decolorised by prolonged boiling with zinc-dust, 
but quickly recovers its red colour on exposure to the air; and on pouring the de- 
colorised solution into water, a crystalline product separates, which appears, on 
examination with the microscope, to be a mixture of two bodies, viz. colourless needles 
of the hydrazo- and deep red laminse of the azo-compound. These two bodies cannot 
he separated by fractional crystallisation, on account of the ready oxidisability of the 
hydrazo-compound ; but on washing the mixture with water to remove potash, and 
then warming it with dilute hydrochloric acid, the hydrazo-compound passes com- 
pletely into solution, while the azo-compound remains behind, and may be purified by 
recrystallisation from alcohol. It crystallises in red plates, dissolves in ether, benzene, 
and hot alcohol — also in strong hydrochloiic and sulphuric acids, forming violet solu- 
tions from which it is precipitated by water. It melts at 128®, and distils at a higher 
temperature (Nietzki, Ber. xii. 38). 

Hy dr azotetr ethyl qiiinol, = (C"H®0)^0®H®.NH.NH.C®H^(00“H^)“, 

as already observed, is extremely oxidisable, and has not been obtained in the pure 
state; but the base, NH2.C«H-(G2H50)“.CeH2(C2H^0)-.NH2, related to it in the ^.ime 
manner as benzidine to hydrazobenzene, is obtained as hydrochloride by concenti’ating 
the acid solution filtered from the azo-compound above mentioned. The hydrochloride, 
(320B[2si;['.«O4,2HCi, then crystallises, especially in presence of an excess of hydrochloric 
acid, in long slender needles. This salt is but slightly soluble in^ water, even when 
hot, and nearly insoluble in moderately strong hydrochloric acid, and on adding 
hydroebloric acid to its warm saturated solution, every drop produces a gelatinous 
precipitate : this reaction affords an easy mode of purifying the salt. The aqueous 
solution of the hydrochloride forms with platinic chloride a yellow crystalline precipi- 
tate of the platinum salt, G'‘’H2®N^O'^,2HCi,PtCl‘*. 

The base separated from the hydrochloride by alkalis crystallises from alcohol in 
delicate colourless laminse, resembling benzidine, and melting at 129® (corn.) Its 
aqueous solution, when treated with oxidising agents, becomes dark brown and deposits 
a brownish iridescent precipitate (Nietzki, Ber. xii. 40). 

QVIM'OIi-CAStBOXY'S.SC ACIB. This name is given to thehydroxysalicylic 
acid, C«.0H.C0-H.H.0H.H2 (m. p. 196°-197°), obtained by fusing the bromosalicylk 
acid of corresponding constitution with potassium or sodium hydroxide (p. 289). 
The acid of the same composition, obtained in like manner from the corresponding 
iodosalicylic acid, melts at the same temperature, and likewise yields quinol when 
heated in a sulphuric acid bath at 215®, hut appears to differ somewhat in its relations 
to solvents from the acid obtained from the bromosalicylic acid, when quinolcarb- 
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osylic acid in aqneous solution is treated with weak oxidising agents, a product is 
formed, from ■which ether extracts a erystallisable acid [quinone-carboxylic acid?], 
which is instantly decolorised by reducing agents. The acid named by Hesse carlo- 
hydroquinonic acid (iii. 214), yields, when heated, as observed by Lautemann (iii. 215), 
not quinol, but catechol (Eakowski a. Leppert, JBer. viii. 788, 976). 

Qinnol-dicarhoxylic acid, C®H^02(C00H)-, is formed, as already stated 
(p. 1738), by passing a current of air through a solution of ethylic succino-succinate 
containing an excess of alkali. When precipit-ated by sulphuric acid and purified by 
repeated crystallisation from boiling water, it forms tufts of long interlaced needles of 
light brownish-yellow colour, very soluble in alcohol and ether, sparingly in cold, 
abundantly in boiling water, the solutions having a light yellow colour, and exhibiting 
a faint greenish fluorescence ; with ferric chloride they yield a pure deep blue colour. 
The acid is not fusible, and only a very small portion of it sublimes without decom- 
position. When cautiously fused with potassium hydroxide, it yields quinol (F. Herr- 
mann, JBer, X. 107). 

qxJXSffOJM XSXHBR. See Qtjinxl Oxide. 

QUXZrOXi-PHTH AIiBIsr. See Phthaleins (p. 1 6 1 2). 

■OTT 

QXrZXtroz.SITX.PHOirxC iiCXXI, CSHSSO^ « SO»H* crystalline 

form of the potassium salt of this acid, 0®H®KS0®, has been determined by 0. Bodewig 
{Zeitschr. f. Kryst i. 584). It belongs to the orthorhombic system, a : b : c — 
0*7641 : 1 : 2*0965. Observed forms OP, |P, P, oo f co. The crystals are developed 
tabularly and irregularly in the direction of the basal face. The plane of the optic 
axes is parallel to qo oo. The axis c is the first median line. Double refraction 
positive. Apparent angles of the axes in oil : 

Li-red Na-yellow Tl-green 

83° 16' 83° 29' 84° 31' 

<lTriirom:, C®H<0==C''Hr | [l : 4]. This compound is formed by the oxidis- 
\0 

ing action of manganese dioxide and sulphuric acid on paraph enolsiilpbonic acid [the 
meta-acid yields none], and on sulphanilic (jo-amidobenzenesulphonic) acid (Schrader, 
Be)\ viii. 759). ilccording to Prunier 800 . Chim, [2], xxv. 515; xxviii. 180), 

quinone occurs, together with quinol, amongst the products of decomposition of quer- 
citol by heat (above 280°) and by hydriodic acid. 

preparation from Aniline . — Powdered potassium dichromate is added to a cold 
mixture of 1 pt. aniline, 8 of sulphuric acid, and 30 of water, until the precipitate of 
aniline black which is first formed redissolves, giving a brown solution. About 
2^ pts. of potassium diehromate are required for this purpose. If the process is now 
interrupted by the addition of a sulphite, quinol is obtained, but in oifier to prepare 
the quinone, it is necessary, after adding potassium dichromate (1 pt.), again to leave 
the mixture at rest for some hours, and then heat it to 35°. The quinone is extracted 
by agitation’ "with ether, as by this means 68 per cent, of the theoretical yield of 
quinone is obtained, whilst the amount is comparatively small if the quinone is distilled 
off in the current of steam. Quinone separates from the ethereal solution in 
golden scales, which generally contain traces of quinhydrone. The mother-liquor 
from the quinone may be worked up for quinol (Nietzki, Ber. xi. 1102). 

Detection , — A very delicate test for quinone in aqueous solution is afforded by an 
alcoholic solution of hydrocoeruUgnone. On addition of a drop or two of this liquid, 
the quinone solution assumes at first a yellowish-red colour, but quickly becomes 
colourless again, and deposits steel-blue iridescent needles of coerulignone (p. 548). 
This reaction will detect 1 pt. of quinone in 200,000 pts. of water, and the orange 
coloration is still perceptible with 1 pt. quinone in 1,000,000 pts. of water. With 
thymoquinone, che reaction is either not produced at all or is very indistinct. On 
the other hand, hydrocoerulignone may be used as a test for many other oxidising 
agents. 

Tetrabromoquinone, C®Br^O^ is formed by the action of bromine in excess on 
quinone dissolved in hot glacial acetic acid (Saraw, Ber. xii. 680). 

Trichloroquinone is converted by aniline into dianilidomonoGhloroquinonc, 
which crystallises in plates having a metallic lustre (Neuhoffor a. 
Schultz, Ber. x. 1792). 

Ohl or imido quinone^ C®H‘*ClNO = I [0 : Cl .* NH = 1 ' 2 : 4] 

\NH 

(E. Schmitt a. Benewitz, J.pr. Chem. [2], viii. 1 ; E. Schmitt, ibid. xix. 312). This 
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compound, originally regarded as diehlorazophenol, is formed by tlie action of aqueous 
chloride of lime on paramidophenol hydrochloride, according to the equation : 

C®H^(NH2)OH + 2CP - 3H01 + Cm^C[iisR)0; 

and in like manner from paramidophenetol, ethyl chloride being then given ofT as 
•well as hydrogen chloride : 

+ 20P = 2HC1 + C-H^Cl -i- C«H301(NH)0. 

It is best prepared by dissolying 3 g. paramidophenol hydrochloride in 150 g. water, 
and dropping in from a burette, with agitation, a strong solution of bleaching powder. 
A point is then soon reached at which the chlorimidoquinone, which separates in 
white flocks, no longer redissolves, but increases on further addition of the chlorine- 
solution, the colour of the liquid at the same time becoming fainter and fainter, till at 
the moment of completion of the reaction, it suddenly changes from violet to yellow ; 
the addition of the chlorine-solution must then be discontinued. The chlorimido- 
quinone is easily separated from the liquid by filtration, and may be freed from 
calcium chloride by washing with a little water, and dried over sulphuric acid, which 
process, however, is attended with some loss, on account of the volatility of the com- 
pound. It may also be purified, though likewise with some loss from decomposition, 
by distillation with steam. 

Chlorimidoquinone is sparingly soluble in cold, easily in hut water, also in alcohol, 
benzene, ether, and glacial acetic acid, and crystallises from the last-mentioned solvent 
in tufts of yellow needles often several millimeters long. It melts at 86°, and decom- 
poses with slight detonation when heated a few degrees higher. It smells very much 
like quinone, and further resembles the latter by the deep brown colour which it 
imparts to the hands and to organic substances in general. It is readily decomposed 
by potash-ley and strong sulphuric acid, with formatiou of brown bumus-like sub- 
stances. By tin and hydrochloric acid it is decolorised, and reconverted into par- 
amidophenol. By sulphurous acid or sodium-hydrogen sulphite it is converted into 
orth oamidophenolsulphonic acid: 

C«H3C1(NH)0 + 2Rm^ + = HOI + H^SO^ + OSHS(NH2)(OH)SOSH. 

JSfitroquinoney C®H®(H0-)02, is prepared by dropping chromyl chloride into 
nitrobenzene at 150'^-160° as long as hydrogen chloride is thereby evolved ; then 
adding water ; boiling the aqueous solution with a slight excess of alkali ; filtering 
from chromic hxide ; concentrating ; adding a small quantity of sulphuric acid ; and 
crystallising the resulting precipitate from boiling water, Hitroquinone is thus obtained 
in shining scales melting at 232°, subliming at a somewhat higher temperature, and 
dissolving without alteration in alkalis (Etard, Co7nj>t. rend. Ixxxiv. 391). 

DinitrO'^dihydroxyquinojiey or Nitranilio acid, — 

C°(NO-)-(OH W”, and Tetr anitr oqiiinone, or Nitranil, (Hietzki, Ber. 

X. 2147). — When nitrous acid is passed into a welL-eooled solution of quinol, a crys- 
talline mass of quinhydrone is formed at first by oxidation of the quinol. Subsequently, 
however, this body disappears, and small golden-yellow needles separate, easily soluble 
in ether, but insoluble in water. These needles are converted hj potash into sulphur- 
yellow potassium-nitranilate, C®(N 0")-(0K)'0-. 

The yellow crystals soluble in ether probably consist of tetranitroquinone or 
nitranil, as they are readily decomposed in ethereal solution by addition of water, 
with evolution of red fumes, and formation of nitranilic acid. 

Nitranilic acid crystallises in golden-yellow prisms exhibiting a bluish di- 
chroi'sm; it melts in its water of crystallisation at a little above 100°, and when 
anhydrous, decomposes without melting at 170°. It has a strong, sour, astringent, 
ferruginous taste, and forms well crystillised salts with most of the metals, giving 
crystalline precipitates with barium chloride, calcium chloride, and silver nitrate. 

In addition to nitranilic acid, other nitro-compounds seem to he formed in the 
reaction above described, together with a considerable quantity of oxalic acid. 

Quinhydrone. This body was originally regarded by Wohler and by Laurent 
as a compound of 1 mol quinol and 1 mol. quinone : -h 

Wichelhaus, on the other hand, regards it as a compound of 2 mols. quinone and 
1 mol. quinol : C®H®0“-r 2C®H'‘0- = (vii. 1037). Liebermann, however, has 

shown {Ber. x. 1614, 2000) that quinone and quinol, when brought together in equal 
numbers of molecules, combine without residuey and produce quinhydrone, whereas 
when 2 mols. quinol and 1 mol. quinone are mixed, half the quinone remains uncom- 
bined, and quinhydrone is formed in quantity corresponding with the quinol. These 
result are in complete accordance with the older formula of quinhydrone, yiz. 
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and this formula is further corroborated by the experiments of Nietzki 
{Ber. X. 2003), who has tested it by reducing quinhydrone with sulphi^ous acid, and 
titrating the excess of the latter with iodine solution. Wichelhaus, however {ibid. 
1781 )j still endeavours to defend his own formula. 

OXIDE, 0^2^1003 = (C®H‘*0H)20. QitinoliG Ether. --Tiyis, compound 
is formed by the action of ehromyl chloride on phenol, and decomposition of the pro- 
duct with an aqueous alkali. Chromyl chloride acts on phenol with great violence, 
but the action may be moderated by dissolving the two substances (1 pt. O'dl^O .* 5pts. 
CrO^CP) in carbon sulphide. When the action is finished, water is added, and the 
aqueous solution is hoiled with a slight excess of alkali, then filtered, concentrated, and 
mixed with a small quantity of sulphuric acid. Quinyl oxide is a white amorphous 
powder, which softens at 100°, and is converted by chromic acid mixture into quinone 
(Etard, rend. Ixxxiv. 391). 


R. 


RADZCXiES. A. Cayley has estimated the number of possible isomeric alcohol- 
radicles of the fatty series as far as and finds 1 Methyl, 1 Ethyl, 2 Propyls, 
4 Butyls, 8 Pentyls, 17 Hexyls, 39 Heptyls, 89 Octyls, 211 Nonyls, 507 Hecyls, 
1238 XJndecyls, 3057 Dodeeyls, 7638 Tridecyls {Ehil Mag. [4], xlvii. 444; [b], 
iii. 34). 

RAFFlIfOSE, C^8H220'®,5H20. A substance found in tho molasBos of tho 
sugar-beet. It is crystalline, colourless, easily soluble in water, sparingly in alcohol, 
has a very faint sweet taste, gives off water when heated (B. LoiKcau, Conipt. rend. 
Ixxxii. 4058). 

EAZZ DEE DNTDZCO. The root of a plant growing in California, and used 
there in medicine ; it contains clirysophanic acid, aporetin, phaeorotin, erythroretin, 
calcium malate and oxalate, starch, gum, sugar, tannin, and albumin (E. 0. VooU'ker, 
Pkarm. J. Trans. [3], vi. 781). 

EATAiO'KZXa'E, substance, homologous with tyrosine, first 

obtained hy Wittstein from rhatany-root, and described by itugo (v. 77), has boon 
further examined by Gintl {Wien. Akad. Ber. [2], lx. 668). It unites both with bases 
and with acids. The potassium and sodium satis, and 

are amorphous deliquescent masses, partly soluble in alcohol, decomposed by carbonic 
acid. The haritm salt, N03)2Ba-f- 2H20, is a gummy mass having a faint 

yellow colour. The strontium salt, (C’‘'H“NO®*)'*Sr + 21120, tho oalolum salt, 
(Qio;g;ii]^0*)20a (-i-aq?), and the magnesium salt, (C'"H"N0“}2Mg. aro likewise 
amorphous. No definite compounds were obtained with aluminium, iron, or load. 
The silver salt, C^^H^Ag^NO^, prepared like silver-tyrosine (v. 9;i3), is a heavy whitt^ 
precipitate, consisting of microscopic spiculse, slightly soluble in cold water, dis- 
solving woth partial decomposition in hot water, easily soluble in ammonia and nitric 
acid. The ammoniacal solution quickly decomposes, with separation of motallic silver. 
It remains unaltered at 110°, but burns away at a higher temperature, with a glim- 
mering light, leaving a mixture of silver carbide and spongy charcoal. 

Eatanhine is dissolved by organic acids, but soon separates from the solutions. 
All its compounds with acids are decomposed by alcohol, especially on addition of 
ether. It dissolves in cold dilute nitric acid, forming tho compound . 

strong nitric acid converts it into a resinous body which detonates when heated in the 
dry state. The colour-reaction with nitric acid (red, changing to indigo-blue, v, 78) 
is most strikingly exhibited with red fuming nitric acid. The product is decolorised 
by hydrogen sulphide in w^eak alkaline solution, the characteristic red colour being 
restored on addition of acids. The hydrochloride, C^°H‘“N02,HC1, crystallises in 
monoclinic prisms, dissolves at a gentle heat in a small quantity of water, but is 
decomposed by a larger quantity. The platinochloride, (C*®H^®N02,HCl)2PtCl'*, is 
obtained by slow evaporation of a solution of the hydrochloride mixed with excess of 
platinic chloride, in small reddish-yellow crystals resembling potassium dichromate ; 
it is permanent in the air, and dissolves without decomposition in water and in 
alcohol, sparingly also in ether. The sulphate, is obtained in 

colourless rhombic crystals, by dissolving ratanhine in dilute sulphuric acid and 
evaporating; it may also be prepared by the action of strong sulphuric acid at 
ordinary temperatures. The phosphate, is obtained in small prisms, 
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apparently rhombic, by dissolving ratanhine in moderately concentrated phosphoric 
acid, evaporating the solution to a syrup, and leaving it at rest for a considerable 
time. 

Eatanhine is not decomposed by nascent hydrogen, either in acid or in alkaline 
solution (G-intl). 

B. Kreitmair {Liebig's Annalen^ clxxvi. 64) has examined numerous samples of 
rhatany-extraet, some occurring in commerce, others prepared by himself, and has 
found ratanhine in only one, to the amount of 7 per cent. 

UiiXTXTB. A zeolite from the island of Lamo, near Brevig in Norway. It is 
related to thomsonite, and has probably been formed by decomposition of elseolite. 
It is greyish-black, fine-grained, exhibits no crystalline forms. Hardness 5. Sp. gr. 
2*48 at 13®. The mineral encloses small quantities of hornblende, &e. Its analysis 
gave : 

SiO® APO* CaO Na“0 H“0 

39-21 31*79 0-57 5-07 11*65 . 11*71 « 99*90 

numbers which may be represented by the formula (Na^,Oa)0,A1^0^2Si0^2H'‘^0, in 
which Na^ : Ca = 2 ; 1 (Payknll, Ber. vii. 1334). 

RX:XOHil.RBTXTE. This name is given by Gr. Krause {Arch. Bharm. [3], vi. 
41) to a massive variety of magnesium sulphate, MgSO'‘-j- 7H^O, occurring at 
Stassfurt. 

RESXXrs. The behaviour of the more important resins, gum-resins, and balsams 
with various reagents, has been examined by E. Hirschsohn {Russ. Zeitschr. Bharni. 
xvi. 1, S3, 65, 97; Arch. Bharm. [3], x. 481 ; xi. 54, 152, 247, 312, 434), with the 
following results : 

Alcohol of per cent, dissolves completely : 

Benzoin, Oarauna, Eesins and Balsams from Conifers, Bragon’s-hlood, Cuaja- 
cum, Peruvian guajacum, Mani-resin, Mastic from Alexandria, Mastic from 
Bombay, Black Peru-balsam, Podocarpus-resin, Sandarac, Tolu-halsam, Xan- 
thorrhcea-resins. 

Alcohol of ^6 per cent, dissolves incompletely : 

Ammoniacum, Asa fostida, Bdellium, Canada-balsam, Ceradia-resin, Copaiba- 
balsam, Copal, Dammar, Elemi, Euphorbium, Eesin of Euphorbia Tirocalli, 
Euryops-resin, Galbanum, Gamboge, Shellac, Liquidamhar-balsam, common 
Mastic, Mecca-balsara, Myrrh, Olibanum, Opoponax, white Peru-balsam, 
Sagapenum, Sonora-lac, Liquid Storax. 

Ether dissolves completely : 

Caranna, Canada-balsam, Conifer-resins and balsams, Copaiba -balsam, 
Dragon’s-blood, Elemi, Guajac-resin, Peruvian guaiac, Mani-resin, Mastic, 
Podocarpus-resin, Sandarac. 

Ether dissolves incompletely : 

Ammoniacum, Asa feetida, Bdellium, Benzoin, Ceradia-resin, Copal, Dammar, 
Euphorbium, Eesin of Ettphorbiuni Tirocalli, Euryops-resin, Galbanum, 
iShollac, Gamboge, Liquidambar-balsam, Mocca-balsam, Myrrh, Olibanum, 
Opoponax, black Peru-balsam, white Peru-balsam, Sagapenum, Sonora-lac, 
Liquid Storax, Tolu-balsam, Xanthorrheea-resins. 

Ethereal solution clouded by addition of Alcohol: 

Canada-balsam, Brazilian Copal, Copaiba-balsam from Maranham and from 
Para, Dammar, Eesin of Euphorhiuni Tirocalli, Euryops-resin, Liquidambar- 
balsam, common Mastic, white Peru-balsam, Sonora-lac, Liquid Storax. 

Ethereal solution forms a clear mixture with Alcohol : 

Ammoniacum, Asa foetida, Bdellium, Benzoin, Caranna, Ceradia-resin, 
Conifer-resins and balsams, Copaiba- balsam from Brazil, Copal, Dragon’s- 
blood, Elemi, Euphorbium, Guajacum, Peruvian guajacum, Galbanum, 
Shellac, Gamboge, Balsam of Liquidamhar styracifiua, Mani-resin, Mastic 
from Bombay, Mastic from Alexandria, Meeca-balsam, Myrrh, Opoponax, 
black Peru-balsam, Podocarpus-resin, Sandarac, Sagapenum, Tolu-balsam, 
Xaritliorrhma-resins. 

Chloroform dissolves completely : 

Benzoin, Canada-balsam, Caranna, Ceradia-resin, Conifer resins and balsams, 
Copaiba-balsam, Brazilian Copal, Dammar, Dragon’s-blood (not all varieties), 
Guajac-resin, Peruvian giiajac, Mani-resin, Mastic, Mecca-halsam, black 
and white Peru-balsam, Tolu-balsam. 
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Chloroform dissolves imperfectly or not at all : 

Ammoniacum, Asa fostida, Bdellium, Copal, Dragon’s-blood from. Pterocarpus 
Pmco, Eupliorbium, Besin of Euphorbium Tirocalli, Euryops-resin, Gralbanum, 
Shellac, G-amboge, Liquidambar-balsam, Myrrh, Olibanum, Opoponas, Podo- 
carpus-resin, Sagapenum, Sandarac, Sonora-lac, Liquid Storax, Xanthorrcea- 
resins. 

Lead Acetate gives with the Alooholie solution a precipitate which d/)es not dissolve 
or dissolves only partially on hoUing : 

Ammoniacum, common Asa fcEtida, Benzoin, Canadii'balsam, Caranna, Ceradia- 
resin, Conifer-resins and balsams, Copal, Dammar (certain East Indian 
samples), Galbamim, Euphorbiiim, Eesin of Euphorbia ^ Tirocallk Dragon’s- 
blood from Pterocarpus Draco, Shellac, Guajacum, Mani-resin, Mastic from 
Bombay, common Myrrh, black Peru-balsam, Sandarac, Sonora-lac, Liquid 
Storax, Tolu-balsam, Eesin of Xanthorrhoea arborea, yellow Xanthorrhcea- 
resin. 

Lead Acetate gives a turbidity which disappears on heating : 

African Bdellium, Copaiba-balsam, Dammar (certain East Indian samples), 
Peruvian Guajacum, Balsam of Liquidamhar styracifiua, common Mastic, 
Mastic from iUexandria, Mecca-balsam. 

Lead Acetate gives no turbidity : 

Asa fostida from Fenda alliacea Boiss, Indian Bdellium, Caranna iXccyta 
americana), Dammar, Dragon’s-blood (some sorts), Elemi, Gamboge, Liquid- 
ambar-balsam, Indian Myrrh, Olibanum, Podocarpus-resin, white Perii- 
halsam, Eesin of Xanthorrhcea quadrangulare. 

Ferric Chloride gives with the Alcoholic solution a turbidity or a precipitate 
which disappears on heating, and dissolves in ether : 

Canada-balsam, Dammar (some East Indian sorts). 

Ferric Chloride gives a precipitate which neither disappears on heating nor dis- 
solves in ether : 

Copal, Sonora-lac. 

Ferric Chloride gives no precipitate, but colours the solution : 

(a). Blue: Caranna (Aceyjfa awmhawa), Guajacum. (b). Black, brow n-hlaoh, 
ox greenish-black : Gamboge, Xanthorrhcea-resi ns, Shellac, (c). Dark green : 
Asa fcBtida (some sorts). Benzoin, (d). Black : Peru-balsam, Storax-balsam, 
Opoponax, Sagapenum. 

The other resins are coloured by ferric chloride either greenish, brownish, 
or not at all. 

Aqueous Ammonia forms with the Alcoholic solution a clear mixture: 

Caranna, Ceradia-resin, Conifer-resins (some sorts), Copal, Dragon’s-blood 
ixomPterocarpu,s Draco, Euryops-resin, Shellac, Guajacum, Gamboge, Podo- 
carpus-resin, Sandarac, Sonora-lac, Xanthorrhcea-resins. 

Aqueous Ammonia forms a turbid mixture: 

The remaining Eesins. 

C-hloride of Lime Solution gives an orange-yellow colour with : Persian am- 
moniacum ; no colour with any of the other resins. 

Alcohol containing Hydrochloric acid is coloured brick-red by; white 
Peru-balsam, Ceradia-resin ; o'ed to violet by ; Caranna (one sample), common Myrrh, 
Euryops-resin ; blue to violet by : Elemi (some sorts) ; yellowish-brown to green : 
Guajac-resin ; yellow changing through red-brown to cherry-red : Benzoin, Tolu-balsam ; 
crimson : Eesin of Xanthorrhcea arborea and X. quadrangulare ; greenish changing io 
dingy violet : common Asa foetida ; yellow : Gamboge, Caranna f light rose-coloured . ; 
Podocarpus-resin ; brown changing into various shades : the remaining resins. 

Concentrated SiUphurie acid dissolves with cherry-red colour: Benzoin from 
Siam, Tolu-balsam ; yellow : Gamboge ; with yellowish-brown fluorescejice ; common 
Asa foetida ; brown changing to various shades : the rest. 

The sohiiion in Sulphuric acid gives with Alcohol a clear violet mixture : Benzoin 
from Siam, benzoin from Sumatra (more red-violet), Euryops-resin, Levant Galbanum, 
Tolu-balsam ; blue-violet changing to blue : Levant Sagapenum ; a clear cherry -red 
mixture : red Xanthorroea-resin ; a clear green mixture ; Guajacum, yellow Xanthor- 
rhoea-resin; a turbid dingy violet mixture: Myrrh, black Peru-balsam; a turbid 
brown mixture : the other resins. 

Water added to the sulphuric acid solution throws down resin in flocks, and 
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exhibits a violet colour \ BeBZoin from Siam; Aingy red'-violet: black Peru-balsam, 
Galbanum, African Ammoniacnm, Sagapennm, Benzoin from Sumatra, Toln-balsam, 
red Xanthorrhcea-resin ; yellow'. Gamboge; blue-green or hlac]c-blue\ Gnajacum; 
brown : the other resins. 

Bromine-solution, added to the chloroform extract, produces either immediately or 
after some time a reef : Peruvian Guajacum; cherry-red', white Peru-balsam; 
red-violet', common Myrrh, Caranna (one sample), resin of Xanthorrhoea arhorea; 
yellowish changing to violet and blue ; Copaiba-balsam from Maranham and Para ; 
blue : Guajacum, Caranna, Oeradia-resin, Euryops-resin ; hromi : the rest. 

Bromine-solution^ added to the chloroform-extract, throws down the resin in 
flocks : Shellac, Australian Copal. 

Sodium Carbonate solution ordinary temperatures is coloured violet hy 
Shellac ; crimson by Sonora-lac ; yellowish or yellow-red by common Asa feetida, 
Dragon’s-blood from Bterocarpus Draco, Euphormum, Guajacum {greenish at first), 
Gamboge, Xanthorrhosa-resins ; yellowish, brownish, or not at all by the rest. 

Sodium Carbonate solution at boiling heat is coloured violet by Shellac; 
yellow by Asa foetida, Benzoin, Euphorbium, Dragon’s-blood, Guajacum, black Peru- 
balsam, Sandarac, Storax-balsam, Xanthorrhoea-resins ; yellowish, brownish, or not at 
all by the rest. 

Prom the extracts obtained with sodium carbonate at ordinary temperatures, 
Acetic acid throws down flocks; Conifer-resins and balsams, Guajacum, Gamboge, 
Podocarpus-resin, Sandarac, Xanthorrhoea-resins. Acetic add throws do^m nothing 
or produces only a slight turbidity : the rest. 

Umbelliferone is obtained by the dry distillation of : Asa fsetida, African Am- 
moniacum, Galbanum, Sagapenum. 

Sulphur may be detected in Asa foetida, Bdellium, some sorts of Caranna and 
Dragon’s-blood. 

Cinnamic add is contained in Benzoin from Sumatra, Dragon’s-blood, Liquid- 
ambar-balsam, black Peru-balsam, Tolu-balsam, red Xanthorrheea-resin. 

The Peiroileum-ether extract is coloured deey yellow in the case of : Gamboge, 
Euryops-resin ; darJc brown : Mani-resin ; yellowish or colourless : the rest. 

Iodine-solution gives with the petroleum-ether extract a clear violet mixture: 
Benzoin, Indian Bdellium, Dragon's-blood, Shellac, Guajacum, Galbanum, Peruvian 
Guajacum, Indian Myrrh, yellow Xanthorrh sea-resin, resin of Xanthorrheea quad- 
rangulare ; red violet mixture, clear at first, but afterwards becoming turbid ; Copal, 
Dammar (some samples), Mastic, Gamboge, black Peru-balsam, Podocarpus-resin, 
Sandarac, Storax-balsam, resin of Xanthorrheea arboraoea ; brown and turbid mixtures : 
the rest. 

Sulphuric acid colours the evaporation-residue of the Petroleum- ether extract 
crimson : Benzoin from Siam, Guajacum ; no coloration : Shellac, Podocarpus-resin ; 
yellow or brown : the rest. 

Chloral-reagent'^ colours the residue gradually violet: common Myrrh, 
Caranna, Euryops-resin ; crimson changing to violet : white Peru-balsam ; rose-coloured 
changing to violet ; Levantine Galbanum (old commercial sample), Levantine Saga- 
penum ; yellowish or greenish changing to red' violet : Oanada-balsam, Conifer-resins 
and balsams ; yellow : Caranna, Gamboge ; gree7i : Dammara viridis, Persian Gal- 
banum, Mecca-balsam, Persian Sagapenum; dull green with rose-coloured edges: 
Levantine Galbanum (sort at present occurring in commerce) ; greenish : Asa foetida, 
Indian Bdellium, Benzoin from Sumatra, Persian Ammoniacum, Liquidambar-balsam, 
black Peru-balsam ; blue into violet : balsam of Liquidambar styraciflua ; 7io coloration 
or very faint : the rest. 

The evaporatiooi-residue after being heated to 120® is either soft or fluid : Asa foetida, 
Benzoin from Sumatra, Liquidambar-balsam, Opoponax, black Peru-balsam, Tolu- 
balsam, Sagapenum, Storax-balsam. 

Colophony. Processes for separating common resin, or colophony, from fatty 
acids, are described by C. Barfoed {Zeitschr, anal, Chem, 1875,20; Chem. Soc, J. 
xxix. 771). Por qualitative examination, the following methods may be adopted : 

1. The mixture is dissolved, with aid ©f heat, in alcohol of 70 per cent, and then left 
to cool, whereupon the fatty acids separate out while the resin remains dissolved. 

2. The mixture is heated with an alcoholic solution of sodium carbonate (7 vols. spirit 
of 30 per cent, and 1 vol. of a solution of 1 pt. crystallised sodium carbonate in 3 pts. 
water) till it is dissolved, and then left to cool, whereupon the sodium salts of the 

» An impure chloral hydrate obtained by saturating alcohol with chlorine, mixing the product 
with 4 vols. strong sulphuric acid, stirring up the solid mass which separates with one-third of its 
weight of water, and distilling. 

Vol. VIU. 5 U 



1746 . EESORCINOL. 

fatty acids separate, wiiile tlie sodium resinate remains dissolved.^ 3. The mixture 
dissolyed in alcohol is mixed with an alcoholic solution of calcium chloride and 
ammonia. The fatty acids then separate as calcium salts, while the calcium 
resinate remains dissolved in the alcohol. 4. The mixture is dissolved in the requisite 
quantity of soda-ley, the solution evaporated to dryness on the water-bath, and the 
residue treated with a mixture of 1 voL alcohol of 98 per cent, and 5^ vols. ether ; in 
this ease only the sodium resinate is dissolved. If any notable quantity of oleic acid 
is present, together with the stearic and palmitic acids, complete separation can ^ be 
effected only by the fourth method, care being taken also that the solution containing 
soda he evaporated to complete diyness, and that the ether-mixture be prepared with 
absolute alcohol and ether. 

The fourth method may be advantageously employed for quantitative estimation. 

Colopliitbaliiiy This name is given by P. Curie {Chem. News, xxx. 189) 

to a solid hydrocarbon occurring amongst the products of the dry distillation of 
colophony. It is prepared by heating 100 pts. colophony with 60 pts. sulphur at 
400°, and purifying the distillate with cold alcohol. Pure colophthalin is a white 
flocculent body having a faint balsamic odour, easily soluble in benzene, turpentine-oil, 
carbon bisulphide, ether, boiling alcohol, and boiling glacial acetic acid ; it melts at 70° 
and boils at 400°. By oxidising agents it is converted into oxycolophthalin, 
by chlorine into chlorocolophthalin, ; by hot nitric acid into 

nitrocolophthalin, which, when boiled with alkaline leys, gives off all its nitrogen 
as ammonia, and is converted into a compound called by Curie, colophulmic acid. 
These derivatives of colophthalin, when fused with caustic potash, yield a substance 
resembling alumina, and called colophalumina, which is insoluble in water, alcohol, 
and ether, infusible, non-volatile, and is said not to be decomposed by chlorate or 
nitrate of potassium even at 1000°. Curie represents its composition by the formula 
By chlorine at a red heat, it is converted into chlorocolophahmina, C‘‘’H'‘Cr'0''^, 
and by fusion with potash into colopJialummic acid, C^®H.®Oh 

RESORGXM'OXi, [1 : 3]. This compound is formed by the action of 

melting potash on all the three modifications of monohromophenol (Fittig a. Magor, 
Ber. viii. 362), in like manner from y?-chlorophenoi (Faust, Ber. vi. 1022), and from 
p-iodopheuol at temperatures above 166° (Ndlting a. Wrzesinski, ibid. 820). Its 
formation from para- and ortho-derivatives must take place by atomic transpositiuii, 
and shows that resorcinol is the most stable of the three modifications of dihydroxy- 
benzene. Nolting a. Wrzesinski find, indeed, that para-iodophenol, when fused with 
potash, yields quinol at 166°, and resorcinol at higher temperatures. Kesorcinol is 
also formed by the action of sodium -amalgam on paramorin, and, together with the 
latter, by the dry distillation of morin (p. 1337) ; further, together with protocateehuic 
acid and volatile fatty acids, by the action of melting potash on hydrocarotin (Brimmer, 
N. Rep. Bhawi. xxiv. 641). 

On the preparation of Besorcinol from Brazilin, see vii. 1040. 

On the manufacture of Besorcinol, Eosin, and other resorcinol-derivatives, see 
Bindsehedler a. Busch {Ghem. News, xxxviii. 226 ; Chem. 8oc. J. xxxvi. 291). 

Eesorcinol is most readily purified by crystallisation fi’om pure anhydrous benzene. 
It dissolves easily therein when heated, and crystallises almost completely on cooling 
in large transparent perfectly coloui'less needles, or by spontaneous evaporation in 
very large well-developed rhombic prisms, having the aspect of crystals of nitre or 
urea (Fittig a. Mager, B&i\ vii. 1177 ; viii. 366). 

According to Calderon {fiompt. rend, Ixxxiv. 779), the crystals of resorcinol are 
orthorhombic, and exhibit the combination oo F . P oo ; or sometimes oo P . co f 2 •f®. 
Axes alh: <? = 0*912326 : 1 ; 1*0687577. The crystals are often elongated in the 
direction of the axis a, and have sometimes the appearance of a perfect octohedron. 
Eesorcinol melts at 118°, boils at 276*6° under a pressure of 769*7 mm., between 
200° and 210° under a pressure of 7 mm., and decomposes at 300°. Its vapour- 
density, determined by Dumas’ method under reduced pressure, gave, as a mean of 
two experiments, 3*862 instead of the theoretical number 3*8078. The density of 
solid resorcinol, taken in carbon sulphide, was found to be 1*2728 at 0°, 1*2717 at 16°. 
Coefficient of expansion, 0*00007868 between 0° and ]5°,* for the liquid between 118° 
and 178°, uniformly 0*0007114. The molecular volume calculated for liquid resorcinol 
between 118° and 1<78° varies from 92*26 (at 118°) to 96*196 (at 178°). Calculation 
gives for the molecular volume of liquid resorcinol at 0°, tlie number 86*43, and for 
the solid 85*13, showing a difference of 1*3 ; the molecular volume at the boiling point 
is 103*17. A comparison of the molecular volumes of resorcinol, phenol, and benzene 
at 100° gives the following results : 
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Sp. gr. Mol. Tolume 

Benzene 07938 98*26 

Phenol . . . . 1*0128 92*9 

Eesorcinol 1*2076 9*109 

Por the densities of solutions of resorcinol containing 1, and Ij eq. in a litre, 
Calderon {Cornet, rend. Ixxxir. 1164) jdnds the following numbers — 

Content Density 

ip 11. atO® atlQO at 100® 

ieq 1011*48 1011*11 964*05 

1 eq. . . . . 1023*17 1023*23 976*64 

1 J eq 1034*06 1033*32 987*41 

Beactions. 1. Oxidation. — Eesorcinol is oxidised by fusion with soda, and on dis- 
solving the melt in dilute sulphuric acid, exhausting the acid solution with ether, and 
evaporating the latter, phloroglucinol, C®H®0®, crystallises out to the amount of 
60-70 per cent, of the resorcinol. The mother-liquor yields with lead acetate a yellow 
precipitate, which, when decomposed by hydrogen sulphide, yields a sjrrupy liquid, 
decomposing when distilled, with formation of catechol. The filtrate from the lead 
precipitate contained a small quantity of unaltered resorcinol, but consisted chiefiy of 
phloroglucinol and tetroxydiphenyl, in the form of a crystalline powder or 

long colourless needle-shaped crystals not melting at 250° (Barth a. Schreder, Ber. 
xii. 503). 

2. Eesorcinol subjected to exhaustive chlorination in a stream of chlorine, with 
addition of a little iodine (p, 1066), yields perchloromethane, CCP, together with 
carbon dioxide (Euoff, Per. x. 1483). 3. Treated in aqueous solution with iodine 
chloride till iodine separates out, it is converted into tri-iodoresorcinol, together 
with a brown substance insoluble in carbon sulphide (Michael a. Norton, ix. 
1752). 4. Sulphuryl chloride, SO-OP, converts resorcinol into mono- and di-chloro- 
rosorcinol (p. 1748). 5. With chloroform and a caustic alkali, it yields resorcinol 

aldehydes (p. 1751). 6. Eesorcinol, heated to 150°-160° with strong sulphuric acid, 

is converted into resorcinoldisulphonic acid; at fuming sulphuric 

acid, into resorcinoltrisulphonic acid (Piccard a. Humbert, p, 1752). J. Anna- 
heim {Ber. x. 975), by heating resorcinol (22 p^.) with fuming sulphuric acid (9*8 pts.) 
for an hour or two at 120°-130°, obtained a deep red substance,^ changing as it cooled 
to a solid mass having a green metallic refiex. On boiling it with water, the greater 
part remained undissolved in the form of a resinous sulphuretted body, which dis- 
solved with red colour in alcohol, glacial acetic acid, and alkalis, the solutions, 
especially that in ammonia, exhibiting a splendid fluorescence. The red colouring 
matter may be separated from the alcoholic solution by water, and from the alkaline 
solutions by acids. With bromine and iodine it forms compounds which are likewise 
fluorescent. 7. When 1 mol. resorcinol and 2 mols. oxalic acid are^ heated together 
in a sealed tube at 200° for two or three hours, a mass is formed which, when diluted 
with a little alcohol and poured into water, yields a flocculent precipitate purifiable 
by solution in alcohol and reprecipitation by water. This substance, which has the 
composition and may perhaps he represented by the constitutional formula 

CWO.CO.C^H^(OH)^ is a fine red powder, very hygroscopic, easily soluble in alkalis 
with green fluorescence, soluble also in glacial acetic acid and in alcohol, and precipi- 
tated unchanged from its alkaline solution by acids. It has not been obtained in the 
crystalline state. Acetic anhydride converts it on boiling into an acetyl-derivative, 
C'^HXC-H^O)0‘‘. A hrominated derivative is formed by adding bromine to its alkaline 
solution (Claus a. Andrese, Ber. x. 1305). ^ ^ 

8. Eesorcinol, treated with oxalic acid in presence of dehydrating agents (sul- 

phuric acid, phosphoric anhydride, glycerol), yields two colouring matters having the 
composition one of which is light yellow, insoluble in alcohol, easily dissolved 

by potash-ley, forming a solution which exhibits green fluorescence, while the other is 
a dark brown mass, soluble in alcohol, and dissqlving in potash-ley with brown colour 
but without the slightest fluorescence (Gukassianz, Ber. xi. 1184). 

9. A solution of resorcinol, mixed with cupric syXphate, yields, on addition of 
ammonia in quantity sufficient to redissolve the precipitate at first produced, a deep 
black liquid with which wool and silk may he dyed black (E. Wagner, Bingl. pol. J. 

ccxx. 96). . . ^ ^ 1 1 . • 

10. Eesorcinol introduced into the animal organism is converted into a sulphonic 
acid, which is eliminated in the urine (Baumann a. Herter, Ber. ix. 1747 ; Zeitschr. 
physiol. Chcm. i. 244). 

SroznoresorclnolSM These compounds have been studied by Biehermann a. 
Bittler {Ber. v. 1090, and this Dictionary, vii. 1042), and further details respecting 

5 n 2 
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them axe given by the same authors in a later communication {Liebig’s Annalm^ 
clxix. 252). 

'Bcntabfomo resorcinol^ C®HBr®0^, crystallises, according to Eamraelsberg’s 
measurements, in the dimetric or quadratic system, exhibiting the combination 
coPoo . OP . P. Axial ratio a \ <?a= 0*6076 1. Angle T : P'==98°'58'; P' : P^ = 
133® 30'; P : 0P~113® 15'; P : ooP 00 = 130°. The faces oo P oo are small and in- 
complete in number. 

The liquid obtained by dissolving colourless pentabromoresorcinol in cold alcohol 
is yellow, as if from separated bromine, and on adding to it an aqueous solution of 
potassium iodide and then carbon sulphide, the latter immediately becomes purple, as 
from separated iodine. When an alcoholic solution of silver nitrate is added by drops 
to an alcoholic solution of pentabromoresorcinol, rather more than 1 mol. bromine is 
thrown down as silver bromide from 1 mol. pentabromoresorcinol. 

Tribromoresoguinone, C®IiBr®0* (vh. 1042), formed by heating pentabromoresorcinol 
at 150®-160®, is insoluble in water, easily soluble in alcohol, sparingly in ether, 
carbon sulphide, benzene, and chloroform, and crystallises therefrom in needles. It 
decomposes at 190°, but remains for the most part unaltered when treated with 
sodium-amalgam, or when sulphur dioxide is passed into its alcoholic solution heated 
to 50°-60®. It resinises when heated with aqueous sulphurous acid at 140°, and with 
hydriodic acid at a higher temperature. It unites with 1 mol. bromine, reproducing 
pentabromoresorcinol (Liebermann a. Dittler). 

Prom experiments by H. Claassen {JBer. xi. 1438), it appears that of the five 
bromine -atoms in pentabromoresorcinol, three are more stable or less easily removed 
than the other two: thus pentabromoresorcinol boiled with formic acid yields 
CO^, HEr, free bromine, and tribromoresorcinol ; with aldehyde, it yields Hi)r 
and tribromoresorcinol; and with acetic anhydride, tribromodiacetylresorcinol, 
C®HBr*(0C2H®0)2. This fact of the easier removal of two out of the five bromine- 
atoms in pentabromoresorcinol, renders it probable that this compound is correctly 
represented by the formula C®HBr3(OBr)2. 

Pentabromoresorcinol is converted by reduction with tin and hydrochloric acid 
first into tribromoresorcinol, C®HBr®(OH)-, then into resorcinol ; with aniline it yields 
tribromaniline and tribromoresorcinol ; with yhenol, tribromoresorcinol and tribrumo- 
phenol (Benediktj.E^r. xi, 1599). 

Tetr ahro on 0 resorcinol, C^Br^ OH)*, formed by heating pentabromoresorcinol 
with strong sulphuric acid, melts at 163®, dissolves readily in hot alcohol, ether, 
cUoroform, and alkalis, sparingly in water, and when boiled with acetic anhydride, 
yields t*etrabromodiacetylresorcinol, C®Br^(0C^H®0)*, which is insoluble in 
water, easily soluble in hot alcohol and in ether, and melts at 169®. 

TrihromoononacetyUresorcinol, C«HBr3(0H)(0C2H30), is prepared by treat- 
ing 1 pt. diacetyl-resorcinol with 5 pts. bromine and 40 pts. water, and separates 
from solution in carbon sulphide in small transparent crystals, which melt at 114®, 
and are converted by boiling with aqueous potash into tribromoresorcinol, and by 
acetic anhydride into tribromodiacetyl-resorcinol, C®HBrS(0C*H®0)*. 

Tetrahromodiresorcinol, pre- 

pared by boiling tribromoresoquinone with tin and hydrochloric acid, crystallises 
from glacial acetic acid in rose-red needles, easily soluble in alcohol and ether, de- 
composing at 280°, and reduced by sodium -amalgam to an amorphous non-brominated 
compound which, when distilled over zinc-dust, yields diphenyl (Benedikt, Ber. xi. 
2168). 


(Eeinliard, J-. pr. GUm. [2], xvii. 321; Claassen, xi, 
1438). Monochlororesorcinol, C®H®01(OH)*, formed by adding an equivalent 
chloride, drop by drop, to resorcinol dissolved in absolute ether, 
and distilling IS a white crystalline body, melting at 89®, but beginning to sublime at 
75°, and distiUmg at 256°-256°. It is solnble in water, alcohol, ether, benzene, and 
carbon bisulphide : its aqueoiis solution slightly reddens litmus paper. It is attacked 
by warm dilute nitric acid, with evolution of chlorine and nitrous acid, and formation 
ot a hard resinous mass. With ferric chloride it produces a blue-violet colour, 
becoming brown on heating. It reduces ammoniacal silver solution, and seems to 
torm a very unstable potassium derivative, C^mOl{OKy. No derivatives of it could 
be obtained by fusion with potassium hydrate or cyanide. The action of bromine 
upon its aqueous solution at 80° giYesiise to mooiochlordibromoresorcinol, C®HBr*Cl(OH')“ 
^J^^^^erjirilliant needles, melting at 105®. The beoizoojl-derwative, 
n 5 » P^‘°^^*^®^^yt^®3,ctionofbenzoyl chloride upon monochlororesorcinol, 

crystauises trom hot alcohol in small hexagonal needles, melting at 98®, and, when 
sapomned, yields a benzoate and the original monochlororesorcinol. 
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Diohlororesoroinoli 0®H*^CP(0H)^, is obtained by rubbing together in a basin 
resorcinol and sulphuryl chloride, -in' the proportion of 1 to 2 mols., heating after 
addition of a very little more sulphnryl chloride, and subliming two or three times. It is 
yery soluble in water and other ordinary solvents, and is obtained by evaporation of 
its aqueous solution oyer sulphuric acid, in well-formed rhombic prisms, readily 
efflorescing in air, melting at 77*^, and boiling at 249°. I)iohhrmonohromoresoTcinoli 
C'^H^BrCPO^ is obtained by the action of bromine upon dichlororesorcinol,. and the 
henzoyl-derivative, C®H'‘^CP(00’'II*0)®, by the action of benzoyl chloride : the former 
melts at 100°, the latter at 127°. 

Sulphuryl hydroxychloride, SO^Ol(OH), acts energetically on dichlororesorcinol 
with formation of a white solid, consisting of microscopic rhombic crystals, soluble in 
potash and in potassium carbonate solution (in the latter case with evolution of carbon 
dioxide), but insoluble in water, alcohol, and ether. This substance has the empirical 
formula, and probably the structural formula, 

C‘*HC 12 ( 0 H) 2 S 02 — 0 — S 02 ( 0 H) 208 HCP. 

By decomposing a solution of this body in potassium carbonate with hydrochloric acid, 
evaporating on the water-bath, and crystallising from alcohol, the corresponding acid, 
C®HCP(SO®J3[)(OH)*, was obtained as a white powder, soluble in water and in alcohol, 
and decomposed by sulphuryl hydroxychloride into the anhydride and water. The in- 
soluble barium salt was obtained by boiling the anhydride with baryta-water, or by 
■precipitating a solution of the anhydride in potassium carbonate with barium chloride. 

TTiGhlororesorcinol^(j^^O]?((^‘E.'f,is obtained by gradually adding to resor- 
cinol about six times its own weight of sulphuryl chloride, heating for some hours in 
a flask fitted with a reversed condenser, distilling off the excess of sulphuryl chloride, 
drying in a vacuum over potash, and repeatedly crystallising from hot water. It 
forms small brilliant needles, readily soluble in alcohol and in ether, melting at 83°, 
but subliming only with partial decomposition. 

By treating an aqueous solution of resorcinol with excess of chlorine, a trichloro- 
resorcinol was obtained, melting at 73°. Beinhard regards this body as identical 
with that obtained by the action of excess of sulphuryl chlotide upon resorcinol, 
attributing the difference between the melting points to small amounts of impurities. 

Trichlororesorcinol forms a henzoyhderivatwe^ C®HCP(0C^H®0)2, which melts at 
133°.^ Sulphuryl chloride, heated with trichlororesorcinol in a sealed tube, reacts 
upon it at 160°, probably forming tetracblororesorcinol, which, however, has not yet 
been obtained in the pure state (Beinhard), 

JPcntachlororesoroinol, C^HCPO^, is somewhat more stable than the corre- 
sponding bromine-compound (p. 1748), not being altered by beating either alone or 
in contact with aldehyde or formic acid ; a strong solution of acid potassium sulphite, 
however, converts it into a trichlororesorcinol, which crystallises from water in 
white needles melting at 69° (comp. Beinhard, supm)y and dissolving readily in 
alcohol, ether, and hob water (Claassen). 

Trl-lodoresorolnol, C®HI^(OH)^ is formed, together with a brown substance 
insoluble in carbon sulphide, when iodine chloride is added to an aqueous solution of 
I'esorcinol. It is insoluble in water, moderately soluble in glacial acetic acid, easily in 
carbon sulphide, alcohol, and ether, and crystallises in long needles having a faint 
rose-colour, and melting at 145° (uncorr.) When heated above 190°, it sublimes and 
decomposes, giving off vapours of iodine. By alkalis, alkaline carbonates and aniline, 
it is dissolved witih brown colour and at the same time decomposed (Michaera. Korton, 
Ber. ix, 1752). 

Blnltrosoresorciuol, C®H2(NO)2(OH)® (A. Fitz, Ber. viii. 631). This compound 
is prepared by adding to 1 mol. resorcinol dissolved in fifty times its weight of water 
and cooled to 0°, first 2 mols. acetic acid and then rather more than 2 mols. potassium 
nitrite dissolved in water, whereupon, after a few minutes, the green acid potassium 
salt of dinitrosoresorcinol begins to separate, perhaps mixed with free dinitrosoresor- 
cinol, to judge by the darkening of the liquid. On pouring the mass, after a quarter 
of an hour’s rest, into 2 mols. dilute sulphuric acid, free dinitrosoresorcinol separates 
in yellowish flocks, which, after standing for an hour, may be collected on a filter, 
well washed, and crystallised from water, or better from hot alcohol of 50 per cent. 
The solution becomes dark from oxidation, and on cooling deposits the nitroso-compound 
in yellowish-grey, or yellowish-brown, shining crystalline laminse, which have the 
composition 0®H2(N0)2(0H)^-{-2E[20, suffer but little loss of weight at 100°, but 
detonate at 115°. They are but sparingly soluble in cold water, alcohol, methyl 
alcohol, or acetone, more soluble in these liquids when hot, insoluble in ether and in 
benzene. From hot alcohol, dinitrosoresorcinol separates in the amorphous state. 
The hot solutions oxidise very readily when exposed to the air. 
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Dinitrosoresorcinol is a moderately strong acid, decomposing carbonates com- 
pletely and acetates partially. Its salts are amorphous, excepting those of 
potassium, sodium, ammonium, and calcium. The acid sodium salt is prepared by 
drenching dinitrosoresorcinol with a small quantity of water, adding the requisite 
quantity of soda-ley, and passing carbon dioxide through the solution for some time ; 
the salt then separates in the form of a slightly soluble dark green crystalline powder. 
The ammonium salt, C«H2(]SrO)2|^OH)(ONH^), is a greenish-brown powder ; the corre- 
sponding potassium salt, a light green, slightly soluble crj^stalline powder. ^ The other 
salts are obtained from the acid sodium salt by precipitation, harkm chloride giving a 
green precipitate soluble in dilute acetic acid ; calcium chloride a greyish-green crys- 
talline precipitate, sparingly soluble in water, soluble in dilute acetic acid ; silver 
nitrate a grey flocculent precipitate ; lead acetate a brown-red flocculent precipitate ; 
cupric sulphate a brown-red; zinc sulphate a flocculent ; ?nercurous nitrate & brown* red ; 
ferrous sulphate a blue-green precipitate. Ferric chloride gives at fii’st a deep green 
coloration, then a dark green precipitate. The normal alkali-salts are easily soluble; 
the other salts, both normal and basic, are amorphous and sparingly soluble. 

Nitric acid, even when dilute and cold, converts dinitrosoresorcinol into trinitro- 
resorcinol ; potassium ferricyanide and permanganate raise it to a higher stage of 
oxidation or burn it up completely. By tin and hydrochloric acid, on the other hand, 
it is very easily reduced to diamidoresorcinol {infra). With acetic anhydride, aniline, 
alcohol and glacial acetic acid, alcoholic hydrochloric acid, and with resorcinol and 
strong sulphuric or glacial acetic acid when heated, dinitrosoresorcinol forms brown 
resinous products. Its alcoholic solution is coloured a deeper yellow by nitrous acid, 
but the compound itself remains unaltered. 

Blamidoresorcinol, is formed, as above mentioned, by reducing 

the dinitroso-compound with tin and hydrochloric acid. The resulting hydrochloride, 
which acquires a dark brown colour, is best converted into the more stable sulphate, 
which separates on addition of sulphuric acid, and more quickly if alcohol bo like- 
wise added, in slightly coloured needle-shaped crystals having the composition 
+ lJH-0, and giving off their water at 100®. Tho base, 
when separated by alkalis, immediately turns brown and decomposes on exposure to 
the air. With ferric chloride it produces a fine blue colour, quickly changing to dirty 
brown (Fitz). 

Trinitroresorcinol, or Styplmic Acid, C®H(NO‘)®(OH)2, is formed, together 
with three dinitrobenzoic acids, when orthonitrobonzoic acid is gradually added to a 
warm mixture of equal parts of fuming nitric and sulphuric acids (Grioss, p. 267). 
The styphnic acid thus obtained agrees in its molting point (17'^®) and the composition 
of/its barium salt, C“H(NO“)®O^Ba + 3H-0 (small yellow rhombic prisms very slightly 
soluble, even in boiling water, and giving off their crystallisation- water at 200®) with 
that described by Stenhouse (vii. 1044). H. Salkowski {Ber. viii. 637), on repeating 
the nitration of orthonitrobenzoic acid in the manner described by Griess, obtained a 
barium salt of styphnic acid containing only 1 mol. H^O, and crystallising in small 
orange-coloured scales, nearly insoluble in water even at the boiling heat. 

Merz a. Zetter {Ber. xii. 681) prepare trinitroresorcinol by heating resorcinol with 
excess of sulphuric acid at 100®, and adding to the resulting sulphonic acid first 
slightly diluted, then concentrated nitric acid, and finally an excess of fuming nitric 
acid. On pouring the product after a while into cold water, the trinitro-compound is 
thrown down in the pure state. Trinitroresorcinol is also formed by prolonged boiling 
of ostruthin with dilute nitric acid (Gorup-Besanez, Liebig's Annalen, clxxxiii. 321), 
and in theoretical quantity by the continued action of strong nitric acid at the boiling 
heat on metanitrophenol (A. Bantlin, Ber. x. 524). 

Methyl-resorcinols (J. Habermann, Ber. x. 867). The two methyl-ethers of 
resorcinol are easily prepared by heating an intimate mixture of 1 mol. of resorcinol, 
2 mols. of potassium methylsulphate, and 2 mols. of potassium hydroxide with a 
little absolute alcohol, for four to five hours, at 160®. The product is acidulated with 
sulphuric acid, and exhausted with ether, and after the latter has been driven off, the 
residue is distilled "with water, the dimethyl-ether then passing over, while resorcinol 
and the monomethyl-ether remain behind. The two compounds are extracted by 
ether, and separated by fractional distillation. 

Monomeihylresorcinol, C®H‘'(OH)(OOH®), is a colourless or pale yellow, very 
refractive liquid, which is moderately soluble in cold, more freely in hot water and 
dilute alcohol, and mixes in almost every proportion with absolute alcohol and ether. 
It has only a faint odour, but its dilute alcoholic solution has an aromatic but not 
a^eeable smell. Its aqueous solution tastes sweetish and burning, and is coloured 
violet by ferric chloride. Methyl-resorcinol boils at 243®-244°, and at ~ 1 7-5 ®become 3 
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viscid, but does not crystallise. With, alcoholic potash it forms a thick syrupy mass, 
which turns reddish brown when exposed to the air. 

Dimethyl-rescrcinol, is a colourless refractive oil, very much 

like the monomethy) -derivative, heavier than water, Yesj slightly soluble therein at 
ordinary temperatures, but dissolving easily at the boiling heat, and very easily in 
alcohol and ether. It becomes somewhat more viscid at ~17'5°, and boils at 214°- 
216°. Vapour-density, obs. = 4*7060; calc. 4-7781, Its aqueous solution is not 
coloured violet by ferric chloride. 

Chlorodimethyl-resorcinol, C“H^C10“ = G''’H®C1(OGH®)^ is produced by passing 
chlorine gas into a solution of dimethyl-resorcinol in glacial acetic acid, the opera- 
tion being stopped at the moment when the liquid assumes a deep yellow colour. On 
leaving the solution to evaporate in a vacuum over quicklime, the monochlorinated 
compound is obtained in long limpid well-defined needles, which may be purified by 
filtering, washing with glacial acetic acid, pressure between filter-paper, and recrys- 
talli^ation from alcohol. This compound melts at 118°, dissolves sparingly in glacial 
acetic acid and in cold alcohol, easily in ether and in boiling alcohol. Dichlorodmethyl- 
resorcinol^ G®1I^CP(0GB.®)^, produced by the further action of chlorine, is a liquid 
insoluble in water, somewhat soluble in alcohol, easily soluble in ether and in glacial 
acetic acid (Honig, Ber. xi. 1039). 

JDlhroonodimetkyl^esorcinol, G®H2Br^(OGH®)^, is obtained by dropping a solution of 
bromine in glacial acetic acid into dim ethyl -resorcinol dissolved in the same acid, till 
the colo^ir of the bromine-solution no longer disappears. The product, which crystal 
Uses out on standing, melts at 137°-138°, dissolves sparingly in alcohol and glacial 
acetic acid, easily in ether, and forms transparent shining crystals belonging to the 
orthorhombic system (Honig). 

BinUrodimethyl’resorcinol, G®H^(HO-)‘(OCH®)”, is formed by adding to dimethyl- 
rosorcinol diluted with glacial acetic acid, an equal volume of nitric acid of the 
ordinary strength. On leaving the solution at rest for about ten minutes and then 
shading it with cthei-, the dinitro-compound dissolves in the ether, and maybe purified 
by evaporating the ether, dissolving the residue in alcohol, and precipitating with 
water. It forms small red-brown crystals insoluble in water, soluble in alcohol and 
ether, melting at 67'^. Trinitrodimethyl-resorcmol, C®H(NO-)*(OGH®)®, prepared with 
dimethyl-resorcinol, fuming nitric acid, and strong sulphuric acid, crystallises from 
alcohol in nearly colourless laminse melting at 123°-124°, insoluble in water, easily 
soluble in alcohol and ether (Honig). 

Aldleliydes derived from Resorcinol (Tiemann a. Lewy, Ber. x. 
2216), Those compounds are formed from resorcinol in the same manner as salicylic 
and paraoxybenzoic aldehydes from phenol, and vanillin from guajacol (pp. 303, 305), 
namely by the simultaneous action of chloroform and an alkaline hydroxide. The 
diatomic phenols, however, mostly unite with the aldehydes formed from them, pro- 
ducing colouring matters, much more readily than the monatomic phenols; and to 
prevent this combination, it is necessary, in preparing aldehydes from these diatomic 
phenols, to work with more dilute solutions and with a larger excess of alkali and 
chloroform. 

The resorcinol aldehydes are prepared by treating 6 grams of resorcinol with 
80 g. sodium hydroxide and 500 to 600 g. water, and then adding 80 g. chloroform, 
the mixture being heated in a reflux apparatus, gently at first, afterwards more 
strongly, acidulated with sulphuric acid after all the chloroform has been decomposed, 
and finally distilled in a current of steam. The distillate then deposits slender 
needles consisting of 

Resorcene-dialdeliyde, G®H2(0H)^(G0H)^ which dissolves easily in alcohol, 
ether, benzene, and chloroform, and may be separated from its solution in ether by a 
solution of acid sodium sulphite. It is nearly insoluble in cold water, crystallises 
from a large quantity of hot water in thin needles, melts at 127°, and sublimes at 
110°. The aqueous solution is coloured red-brown hj ferric chloride. The dialdehyde 
dissolves in alkalis, forming a yellow solution from which it is precipitated by acids. 
Its ammoniacal solution gives mth lead acetate a white precipitate, and with cupric 
sulphate a green precipitate soluble in ammonia. The alcoholic solution of the 
dialclehyde, mixed with aniline, immediately deposits needle-shaped crystals melting 
at 199°. Molting yotasli converts it into an acid — probably resorcene-diearboxylic 

acid which dissolves easily in water, alcohol, and ether, crystallises from water in 

white slender needles, and melts at 192°, being resolved at the same time into carbon 
dioxide and resorcinol. 

Resorcyl Aldehyde, C®H®(OH)®COH, formed simultaneously with the dialde- 
hyde just described, and remaining in the liquid from which the latter has been 
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removed by a current of steam, may be extracted from this liquid by ether, after 
removal of a red amorphous colouring matter — and freed from unaltered resorcinol by 
combination with acid sodium sulphite, or by reoiystallisation from hot benzene. It 
dissolves readily in water, alcohol, ether, chloroform, and glacial acetic acid, sparingly 
in benzene, and crystallises from water in yellowish needles melting at 134°-135°. 
The aqueous solution is coloured red-brown by ferric chloride. Eesorcyl aldehyde is 
extremely unstable, and is converted by dehydrants or by prolonged exposure to the 
air into red amorphous bodies. Its conversion by oxidation into an acid of corre- 
sponding constitution takes place only after the introduction of ethyl into the hydroxyl- 
groups. 

Liethyl-resorcyl Aldehyde, C®H®(OC-H^)^COH. is easily formed by the action of 
ethyl iodide (2 mols.) and KOH (2 mols.) on resorcinol (1 mol.) It crystallises in 
shining plates, melts at 71°~72°, dissolves easily in alcohol and ether. By oxidation 
with potassium permanganate in aqueous solution, it is readily converted into the 
corresponding acid, C®H®(OC‘-^H*)-COOH (diethyl-resoreyl* carboxylic acid), which 
crystallises in small needles, melts at 99®, and forms well-crystallised slightly soluble 
salts with barium and calcium. The lead salt is a white amorphous precipitate ; the 
copper salt a greenish-blue precipitate easily soluble in ammonia. 

Eesorcyl aldehyde, heated with sodium acetate (1 pt.) and acetic anhydride 
(3--5 pts.), is converted into acetoxycoumarin or/8-acetumbelliferone: 

/0C2H*0 

= esHs^O { 

\CH=CH--CO 

which crystallises in large faintly yellowish prisms melting at 140®, distils without 
decomposition, dissolves but sparingly in water even when hot, easily in alcohol and 
ether. The aqueous solution exhibits a splendid blue fluorescence, but gives no colour- 
reaction with ferric chloride. 

The formation of acetoxycoumarin renders it very probable that at least one of 
the hydroxyl-groups in resorcyl-aldehyde occupies the or2f7ec-position with respect to 
the COH-group. This compound is not attacked in the cold by alkaline hydroxides 
or carbonates, but dissolves in them when heated, the solutions after acidulation 
yielding to ether a substance which, after purification, forms white needles, having 
the composition of hydroxycoiimarin or jS-umbelliferone,* ; sparingly 

soluble in water (the solution being coloured brown-red by ferric chloride) and decom- 
posing without fusion at 200®. 

RBSORCXK'OXi-nVBS. See Eesorcinol-phthaleins, under Phthalbins 

(p. 1606). 

RBSORCXKTOXj-SirXiPKOXrXC ACXBS. On the crystalline form of Potas- 
sium Resorcinohwnosulpkonate, 0*^11 ■‘(OH)(OSO'*K), see Bodewig (Zc^Vsc/^?*. /. Kri^st, i. 
584 ; Jakresh.f. Chem, 1877, 565). 

Besorcinol-disulphonic acid, C®H®S20® = C®H^(OH)2(SO®H)^, is formed by 
gradually adding 1 pt, finely pulverised resorcinol to 10 pts. of strong sulphuric acid 
heated to 150®--! 60°, dissolving the crystals which separate by further heating at 
190®-200°, and leaving the solution to cool. The vessel then becomes half filled with 
large crystals of the disulphonic acid, which may be collected on a suction-filtor and 
washed with strong sulphuric acid. They are colourless, dissolve easily in water and 
in alcohol, deliquesce on exposure to the air, and are coloured ruby-rod by ferric 
chloride. On boiling the aqueous solution with lime, a neutral calcitm salt is obtained 
the solution of which is precipitated on addition of a certain quantity of alkaline 
carbonate; and on boiling the acid with milk of lime, a basic salt is formed, 
which, like the potassium salt, is too soluble to crystallise well. Barium chloride 
added to the solution of either of these calcium salts throws down the bariicm salt, 
C®H^(02Ba)(S0®)2Ba + 5H^0, as a white crystalline precipitate, which does not give 
oif all its water even at 200°. Its formation is analogous to that of the basic phenol- 
disulphonate of barium, which Stadeler obtained (vi, 927) from phenol disulphonate and 
carbonate of barium. An aqueous solution of resorcinol-disulphonic acid absorbs a 
large quantity of bro???me, producing colourless silky needles of tribromoresor- 
cinol (Piccard a. Humbert, Ber. ix. 1479). 

Besorcinol-trisulpho7iic acid, C®H(OH)2(SO®H)®, is formed by heating 
resorcinol-disulphonic acid with fuming sulphuric acid at 200®. To separate it, the 
solution is neutralised with milk of lime, whereby an insoluble basic salt is formed, 

* The hydroxycoumarin and acetoxycoumarin obtained as above, not having yet been shown to 
be identical with the ninbelliferone and acetumbelliferone previously known (v. 938 ; vii. 1186), are 
provisionally distinguished by the prefix p. 
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and mixes -with the gypsnm, -whilst any disulphonic acid that may still he present 
remains dissolved. The liquid is filtered, the residue hoiled with hydrochloric acid, 
and the excess of sulphuric acid precipitated by barium chloride. The strongly acid 
filtrate, in which the barium resorcin oltrisulphonate remains for a while dissolved, is 
mixed with ammonia (whereby impurities are precipitated), but not to the point of 
neutralisation, and then quickly filtered. After a few hours, the clear acid solution 
begins to deposit the dazzling white crystalline barium salt, the separation of -which 
pes on for two or three days ; and a further but less pure salt is deposited on warm- 
ing. This salt, dried at a very gentle heat, has the composition + 

When once deposited, it is no longer soluble in hydrochloric acid. By 
digesting it at lOO'^ in a sealed tube with ammonium carbonate, ammonium resoxcin- 
trisulphonate is obtained, which forms, with lead and calcium salts, crystalline pre- 
cipitates soluble in acetic acid ; with barium chloride a precipitate insoluble in acetic 
acid. With ferric chloride it prodaces a deep red-violet, very stable coloration (Piccard 
a. Humbert, Ber. x. 55). 

RBSORCXKTYXi OXXBXiS or RBSORGXlffOli XSTHBRS. Boettinger (Ber, 
ix. Ifi2), by treating resorcinol with sodium hydroxide and CO^, obtained an acid pro- 
duct consisting mainly of a red substance soluble in alkalis. Barth (zdid. 308) obtained 
the same or a similar substance by treating fused resorcinol with sodium and CO^ or 
with sodium alone, — and in a purer state by the action of hydrochloric acid on resor- 
cinol under pressure. Precipitated from ammoniacal solution by acids, it formed 
light brown flocks, which when dry exhibited a splendid metallic iridescence, and 
yielded on trituration a powder having a deep red colour. Heated with zinc dust, it 
gave off benzene, together with a small quantity of diphenyl formed by a secondary 
reaction. The compound thus obtained is a dye-stuff imparting a very bright red 
colour to wool and silk. Barth represents it by the formula and regards it 

as a kind of ether of resorcinol. The same substance appears to have been obtained 
by Barth a. Senhofer (Liebig^ s Annalen, clxiv. 109) by the action of hydriodic acid on 
diethyl-resorcinol. 

The product of the action of hydrochloric acid on resorcinol has been further 
examined by Barth a. Weidel {Ber. x. 1464), who prepare it by heating 20 grams of 
resorcinol with 26 c.c. strong hydrochloric acid in a sealed tube at 180®, obtaining 
thereby an acid liquid, together with a resin which has a green reflex, and when sub- 
jected to the following treatment yields two lead salts A and B. The air-dried resin 
is treated with alcohol of 90 per cent., which dissolves it slowly hut almost completely, 
and the residue may be brought into solution by first dissolving it in ammonia, then 
precipitating with an acid, and treating the precipitate with alcohol. If now the 
united alcoholic extracts be mixed with an alcoholic solution of neutral lead acetate, 
the lead salt A separates out first, and the filtered liquid, freed from alcohol by distil- 
lation and mixed with water, yields a mixture of the salts A and B. To separate 
these, they are dried and warmed -with alcohol, which dissolves B and leaves A. 

The lead salt A is a violet-red powder from which the lead may be removed either 
by dissolving it in glacial acetic acid, and precipitating with hydrochloric acid, or by 
suspending it in alcohol and decomposing it with hydrogen sulphide. In either case, 
the further purification of the substance freed from lead is effected by mixing the 
filtrate with water, after expelling the alcohol, dissolving the washed and dried pre- 
cipitate in ammonia, and reprecipitating with hydrochloric acid. 

The compound thus obtained is r esorcinyl oxide^ 

O12H10O8 == C«H4(OH).O.C«HXOH), 

formed according to the equation 2C®H®02 « H^O + After washing and 

drying, it is a hrown-red amorphous powder, acquiring by pressure a green metallic 
lustre. It melts at a rather high temperature, is nearly insoluble in water, very 
sparingly soluble in ether and in cold alcohol, moderately soluble in hot alcohol and 
in glacial acetic acid. It dissolves in strong sulphuric acid -without alteration, and in 
aqueous alkalis, forming a solution having an intense dark red colour and green 
fluorescence. The acetyhderimtim, (C®H^.0C2H^0)20, may be prepared by treating 
the oxide with acetyl chloride at 100°, and purified by precipitation with water, solu 
tion in alcohol, and reprecipitation with water. It dissolves in alkalis at ordinary 
temperatures without alteration, forming a red-violet liquid; with decomposition 
when heated. tetrahromo-derivative, formed by 

adding bromine in excess to a solution of the oxide in glacial acetic acid, and may he 
purified by solution in alcohol and reprecipitation with water. Melting potash con- 
verts it into resorcinol. When heated with zinc-dnst, it does not yield any definite 
products. 
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Diresorcinyl dioxide^ - 

C24Hi805 ::= 40«Hs02 ^ SH^O - C‘’H^(OH).O.C«mOCmO.C'^H^(OH), 

prepared from the lead salt B by the series of processes aboTe described for A, forms, 
when diy, a brick-red amorphous powder, melting at a somewhat higher temperature. 
It dissolves very easily in alcohol, ether, and glacial acetic acid, and is somewhat 
soluble in water. Aqueous alkalis dissolve it to a brownish-yellow liquid with violet- 
blue fluorescence. The acetyl-denvatim, prepared like its analogue 

above described, is a cinnamon-brown powder becoming strongly electric when rubbed, 
nearly insoluble in alkalis, very easily soluble in alcohol. The hexhroino-dcrvmiive, 
prepared as above described, is a light red powder sparingly soluble in 
alkalis, easily in alcohol and glacial acetic acid. By fusion with potash it yields 
resorcinol (Barth a. Weidel). 

Both of the above-described resorcinyl oxides, when boiled for some time with 
nitric acid, yield isophthalic acid, a large portion, however, undergoing complete 
decomposition. 

The green fluorescence of monoresorcinyl oxide may serve as a test for the presence 
of resorcinol. On heating resorcinol with a little hydrochloric acid at 160°--180° for 
a few minutes in a sealed tube, then opening the tube, and adding a few drops of 
ammonia, the green fluorescence will be perceptible even in presence of only J mg. of 
resorcinol (Barth a. Weidel). 

RETEOTE, CASH’S (Ekstrand, Bull. Soc. Chim. [2], xxiv. 53 ; Liehig^s Anmlen, 
clxxxv. 75). _ This hydrocarbon, originally found in scales on fossil pino-kems in beds 
of peat and lignite (v. 97), occurs also amongst the products of the destructive distil- 
lation of wood (vi, 993), and forms a considerable portion of the buttery mass obtained 
in the latter part of the distillation of wood tar. From ibis mass it may be obtained 
in the pure state by pressure at a low temperature, washing with other, and recrystal- 
lisation from alcohol of 95 per cent, with the aid of animal charcoal. 

Retene crystallises in white laniinse melting at. 08‘5°. Its sp. gr. in the crystal 
lised state is 1*13 ; after fusion and rosolidification 1*08. Its vapour-density 
according to W. Knecht {Ber. x. 2074), is 8*28 (air = 1) ; calc, for 8*1. It 

has neither taste nor smell. 100 pts. boiling alcohol of 95 per cent, dissolve 69 pta., 
100 pts. cold alcohol only 3 pts. of retene. (ilacial acetic acid dissolves it readily 
with the aid of heat, and deposits the greater part of it on cooling. It dissolves 
easily in ligroin, carbon sulphide, benzene, and other, but is insoluble in water. With 
chlorine and bromine at ordinary temperatures it forms addition-proilucts which 
decompose when heated, yielding products of substitution. Rotone is but very slightly 
attacked by niri'ic acid at ordinary temperatures, more easily when heated; fuming 
nitric acid dissolves it at ordinary temperatures, and water added to the solution 
throws down a yellow precipitate, the solution of which in alcohol or acetic acid 
leaves resinous products on evaporation. 

A compound of retene with dinitroanthraquinoiic is obtained by evaporating a 
solution of the two bodies in glacial acetic acid, and crystallises in small needles of a 
dark orange-red colour. 

Retene-yicric acid, 0>8H’8.C'^H2(NO=)3OH, crystallises from alcoholic solution in 
orange-yellow needles, melts at 123°, dissolves in 5 pts. boiling alcohol of 95 per cent, 
in 44 pts. alcohol at 10°, and is decomposed by water. 

Sodium-amalgam does not appear to act upon retene in alcoholic solution. Retene 
also remains for the most part unattacked when heated with hydriodic acid (sp. gr. 

1 68) and red phosphorus at 175°— 200°; combustible gasos arOj however, formed, 
probably hydrocarbons of the fatty series. When retene is passed in vapour over 
heated lead oxide, a considerable portion of it remains unaltered, a small quantity of 
naphthalene being, however, produced, together with water. 

Chlororetene, C^®H^’C1. When retene is exposed for a month to the action of 
chlorine at ordinary temperatures, a greenish viscid fuming mass is formed, which 
melts without dissolving when treated with boiling alcohol; and on digesting this 
product with alcoholic potash, then washing it with water, dissolving it in ether, 
and leaving the ether to evaporate, chlororetene separates as a red syrupy substance 
which decomposes when heated, with carbonisation and evolution of chlorine. 

Sromoretenes. When retene is exposed to the action of bromine-vapour, and 
the product is treated with alcoholic potash, then dissolved in ether, and left to 
evaporate, a brownish syrup is obtained, containing 34*4 to 34*6 per cent, bromine 
[intermediate between mono- and di-bromoretene]. 

mhTOmoretene, O^sH'^Br^, is prepared by heating 1 mol. retene on the water- 
Datn with 2 mols bromine and water, washing the product with warm dilute potash- 
ley and with alcohol, treating the grey viscid mass with alcoholic potash, washing it 
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repeatedly with water and alcohol, then digesting it with ether and crystallising the 
white powder which remains undissolved from carbon sulphide. It crystallises in 
colourless plates, melts at 180"^, dissolves readily in carbon sulphide and in ligroih, 
but is nearly insoluble in ether. 

Tetrabromoretene^ is obtained by acting on retene wnth excess of 

bromine, treating the product with boiling aqueous potash and with' ether, and re- 
crystallising the residue from carbon sulphide. It forms colourless prisms, melts at 
is insoluble in alcohol, slightly soluble in acetic acid and in ether, more 
easily in ligroi’n. very easily in boiling benzene and carbon sulphide. 

When 1 mol. retene is heated in a sealed tube placed in a w^ater-bath with 5 mols. 
bromine, the product treated with potash ley, water, and alcohol, and then boiled 
with ether, the tetrabromoretene just described remains undissolved, and the ethereal 
solution when left to evaporate leaves a compound isomeric therewith, in the form of 
a resinous mass, slightly soluble in ether and in ligroin, very soluble in carbon sul- 
phide. This modification of tetrabromoretene is also formed from the tetrabromide 
of dibromoretene, C‘®H‘®Br^Brb by the action of alcoholic potash. 

Oxidation-products of Retene* When warm solutions of retene and chromic 
acid in glacial acetic acid are mixed together, a violent action takes place, the liquid 
on cooling becoming filled with needle-shaped crystals ; and on diluting with water, 
and treating the residue with solution of sodium carbonate, and then with warm ether, 
which removes a viscid mass, the chief product, (called’dioxyretistene by 

Wahlfors, vi. 994) remains undissolved. The soda-solution with which the crude 
product has been treated, yields, when concentrated, yellow scaly crystals the solution 
of which gives a fiocculent precipitate with sulphuric acid. On treating this precipi- 
tate with alcohol at 50°, a brown mass remains undissolved, and the liquid on cooling 
deposits yellowish shining scales. By saturating the mother-liquor of the first- 
separated scales with sulphuric acid, a brown precipitate is formed which when boiled 
with water partly dissolves, forming a yellow liquid, from which hydrochloric acid 
throws down white nearly insoluble flocks ; and from this precipitate alcohol extracts 
the compound which crystallises in yellow shining scales. When the residue 

left after the extraction of this last compound is boiled for some time with concen- 
trated baryta-water, a brown-yellow solution is obtained, yielding, on addition of 
hydrochloric acid, a brown precipitate from which, by repeated crystallisation from 
boiling alcohol, the compound is obtained in colourless needles. 

Dioxyretistene crystallises on cooling from its hot alcoholic solution in flat, 
deep orange- coloured prisms, melts at 190°, sublimes in orange-red needles without de- 
composition when cautiously heated, and is moderately soluble in benzene and acetic acid. 
100 pts. boiling alcohol of 95 per cent, dissolve 2*2 to 2*3 pts. of it; cold alcohol only 
0*15 pts. It is not attacked by chlorine at ordinary temperatures, but bromine acts 
upon it, with elimination of hydrogen. When heated with ordinary nitric acid, it dis- 
solves unaltered, but the fuming acid converts it into a nitro-product. Bulphiric 
acid dissolves it without alteration, but on heating it with the acid on the water-bath, 
sulphur dioxide is evolved, and on cooling, a red gelatinous mass is formed, which 
gives red crystalline flocks when boiled with water. By prolonged boiling with 
chro77vio acid in acetic acid solution it yields oxidation-products soluble in aqueous 
sodium carbonate. It is not altered by dilute solution oi jcotcbssiiim or sodium hydroxide, 
but the concentrated alkalis convert it into a greenish resinous mass. When fused 
with potassium hydroxide, it yields a black mass, forming with water a red solution 
which yields w’th sulphuric acid a greenish precipitate consisting of a mixture of 
several bodies, from which ether extracts a red viscid mass, while the residue dis- 
solves in carbon sulphide or in benzene with a fine blue or greenish-blue colour. 
Dioxyretistene dissolves with difficulty in solution of add sodium suliyhite, and is 
precipitated therefrom by hydrochloric acid in its original state. 

The compound called by Wahlfors ‘ Tnombromoretistens,' obtained by the action of 
2 mols. bromine on 1 mol. dioxyretistene, has, according to Ekstrand, the empirical 
formula 0‘*®H®^Br'‘O®. It crystallises from glacial acetic acid in small red prisms, 
melts at 234°-235°, is slightly soluble in alcohol, ether, and carbon sulphide, more 
soluble in benzene and glacial acetic acid. 

When dioxyretistene is heated with 10 pts. baryta, there is formed, together wi h 
water and combustible gas, a red oil which solidifies after some time, and yields to 
boiling alcohol a body, which crystallises in long fiat colourless needles, 

melts at 89°-90°, and is insoluble in aqueous sodium carbonate. The residual oil 
yields by fractional distillation a liquid which has the composition and boils 

at 215°-220°. 

Dioxyretistene is not altered by the action of sulphurous acid in alcoholic solution, 
but when heated with zinc-dust and ^potash-ley it partly dissolves, and the solution 
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yields 'with hydrociiloric acid a green precipitate of a quinol, which on exposure to 
the air is quickly reoxidised to dioxyretistene. Dioxyretistene, distilled with zinc- 
dust, yields, togetjaer with retene, a small quantity of a hydrocarbon,. which 

melte at 66^-67^, and is probably dibenzyl. 

The compound (p. 1756) crystallises in colourless shining scales, melts 

at 139°, dissolves very easily in alcohol, ether, and glacial acetic acid, sparingly in 
water, from which it crystallises in shining scales ; the solution has an acid reaction. 
The sodium salt, crystallises in shining scales ; the ‘potassium salt like- 
wise. The hamm salt, forms large colourless laminse. The solution 

of the sodium salt forms with ferric chloride, after a while, a precipitate consisting of 
small needles ; with lead acetate, a bulky precipitate becoming crystalline after some 
time ; with silver nitrate a precipitate made up of microscopic prisms. 

The compound (p. 1755) melts at 222°, may be sublimed, and dissolves 

easily in alcohol, ether, and glacial acetic acid. The sodium ^ salt, forms 

large brown-yellow laminae, and dissolves with moderate facility, its solution giving 
amorphous precipitates with lead acetate and silver nitrate. The barium salt forms 
small shining scales. 


RBTZSVrESUXiPKOia’ZC ACXBS (Ekstrand, Liebig's^ Amalen, clxxxv. 86). 
Betenedisulphoovic C'®H'®(SO^B[)®. — ^When retene is gradually added to a 

mixture of equal volumes of concentrated and fuming sulphuric acid, and the liquid is 
left to itself for two to three weeks, slender needles of the compound C^®H*®(SO®H)“ 4 - 
5H^SO< separate out. The free disulphonic acid obtained from the barium or lead 
salt is very soluble, and separates from a concentrated aqueous solution in small 
needles and from glacial acetic acid in well-defined needles or prisms. Its concentrated 
aqueous solution is precipitated by sulphuric acid ; and the compound thus formed 
seems to contain varying quantities of the latter acid. The following salts have been 
prepared and analysed : 


018H16(S03K)2 + 

Ci8H»fi(S03Na)2 + 
C‘sH’«(S03)2Ba + 
Ci8£i6(s03)‘iSr 
Ci 8 Hi«(S 07 Ca + 
CJ8H''’(S03)2Mg + 
Ci8Hifi(SO3)'^0u + 
Oi8Hia(S03)2Pb + 


1 part dissolves 

(at 100°), silky needles, in 6-6 of water 
■IK-O „ „ in 2-3 „ 


6H»0 (at 15°) 

ljH"0 (at 100°) „ in 24-25 

^8H«0 (at 15°) ” 

2H'0 (at 100°), woolly needles, in 25-26 

l^H-0 „ pale green 

(at 15°), long needles 
H^O (at 100°), long prisms, 

slowly in 54-55 


in 3-4 




j) 


EefeoiedisulpJionio dicJiloride, C^®iI*®(S02Cl)^ obtained by the action of phosphorus 
pentachloride on the potassium salt, crystallises from hot glacial acetic acid in hare 
prisms, melting at 175°; it dissolves readily in benzene, sparingly in ether, and is 
scarcely attacked by boiling water, which does not decompose it completely till the 
temperature is raised to 160°. 

An isomeric retenedisulphonic acid appears to exist. 

Metenetrisulphonie acid, C’®H^^(SO^H)3, is formed by heating retene with a 
mixture of common and fuming sulphuric acid on a water-batfi ; it is readily soluble 
in water ; is not precipitated by sulphuric acid ; and is obtained on cooling from a very 
concentrated aqueous solution as a crystalline mass, which dissolves very i*eadily in 

water, alcohol, and acetic acid. Its banium salt, [C^®H*®(SO®)®]2Ba + j i^pQ^at 15°’ 

differs somewhat in form and solubility according to the manner in which it is pre- 
pared (crystallising in needles soluble in 16 pts. water, or in prisms soluble in 11 pts.) 

The lead salt, [C>»H>=(SO»)»]W+ forms thin needles. 

The acid obtained by treating retene with sulphuric anhydride yields three different 
barium salts. 


RBZSiiia'YXTB. See Cosalitb (p. 572). 

BHABBOPHASKTB. This name has been given to a very rare mineral from 
^Cornwall, consisting essentially of didymium and erbium phosphates (Lettsom, Co'mpi, 
rend. Ixxxvi. 1028). 

RKiiGXTXS. A bismuth arsenate, 5Bi20®,2As^0^ + SH^O, sp. gr. 6-82, occurring, 
together with several uranic arsenates (vii. 1190), in the White Hart Mine, near 
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Schneeberg in Saxony. Its analysis by C. ‘Winckler {Jahrh, Min. 1871, 869 ; 1874, 
682) ga-ve: 

Bi»0“ As“0‘ H“0 Pe“0% A1»0“ CoO CaO :^ratrix 

72-8 14-2 4*6 1*6 1*5 0*5 3*3 98*5 

' XtKiilMCliirD’Sa The glucoside of yellow berries {Ith, infectorms), called xantho- 
rhamnin by Gellatly, rbamnegin by Schiitzenberger, and its derivatives, have been 
examined by Liebermann a. Hermann {Ber. xi. 952, 1618), with results different from 
those obtained by previous investigators (v. 100; vi. 994; vii. 561). 

Xanthorhamnin, boiled with dilute sulphuric acid, readily splits up into 
rhamnetin, and a sugar, supposed by Liebermann a. Hermann to be differ- 

ent from all others yet known, and named by them * rhamnodulcite.’ Behrend, 
however {Ber. xi. 1353), has shown that it is identical with isodulcitol, 

(p. 1131). Xanthorhamnin is also converted into rhamnetin by simply heating it at 
130°“160®. Liebermann a. Hermann assign to xanthorhamnin the formula 
which agrees nearly with the analysis of the potassium-derivative {infra), and repre- 
sents correctly the resolution of xanthorhamnin into rhamnetin and isodulcitol, these 
products being formed in the proportion of 1 mol. rhamnetin to 2 mols. dulcitol : 

Cl8j[6fi029 ^ 5220 = 20^221005 + 4 C«H^‘»Os. 

Botassiurri'Scanthorliamnin, C‘‘®H®2K^02®, is obtained on mixing an alcoholic solution 
of xanthorhamnin with a slight excess of alcoholic potash, as a thick yellow precipi- 
tate which, after rapid filtration, washing with alcohol, and drying over sulphuric 
acid, forms a yellow powder, yielding by analysis 11*81 per cent, potassium ; calc. 
12*40 per cent. It is tolerably permanent when dry, but becomes brown and resinous 
when moist. 

Rhamnetin, C^22i<»0^ crystallises from water containing sulphuric acid in micro- 
scopic needles ; from phenol in distinct yellow needles. 

Vibromorhamnetin, C‘2H^Br20^ prepared by adding bromine to finely pulverised 
rhamnetin suspended in glacial acetic acid, forms beautiful yellow needles, easily 
soluble in hot alcohol and hot glacial acetic acid, also in benzene ; alkalis dissolve it 
with yellow colour. It dyes like rhamnetin, only with a somewhat redder tint. 

Biacetyl-rhamnetin, C^22®(002H20)202, is obtained by boiling rhamnetin with acetic 
anhydride and anhydrous sodium acetate in a vessel with upright condenser, till a 
portion of the crystallised product is no longer coloured by dilute alkali. It crystal- 
lises from alcohol containing one- tenth part of acetic anhydride in white silky needles 
melting at 185°. 

Bihromaoetyl-rliamnetin, prepared in like manner from dibromorhamnetin, forms 
white shining needles which turn yellow at 200°, and melt at 211®~212°. 

Bipropionyl’-fhamnetin, C^2H8^qq 3250)202, prepared like the acetyl-compound with 
sodium propionate and propionic anhydride, crystallises in light yellow needles melting 
at 158°-162°. 

BibenzoyWhamnetin, C^2H8(0C’H®0)202, prepared by heating 1 pt. rhamnetin with 
4 pts. benzoic anhydride at 150°, crystallises in small silky almost colourless needles, 
easily soluble in glacial acetic acid, sparingly in chloroform and in alcohol, melting at 
210 °- 212 °. 

BimethyWhamnetin, C^228(CH2)20®, is formed by heating xanthorhamnin at 120°- 
130°, with potassium methyl-snlphate and absolute methyl alcohol, the xanthorhamnin 
being first converted, with separation of isodulcitol, into rhamnetin, which then takes 
up 2 at. methyl. Dimethyl-rhamnetin crystallises in needles having a very faint 
yellowish tint, and melting at 166°-157°. 

RHOBZU3MC. Pulverised rhodium decomposes formic acid, with rise of tem- 
perature, into water and carbon dioxide. When the decomposing power slackens, it 
may be restored by washing the metal and drying it in the air. Alcohol is also 
decomposed by rhodium in presence of alkalis, at a temperature only a little above 
that of the air, hydrogen being given off, and an alkaline acetate produced. The 
same action is produced by iridium, but not by platinum or palladium (Beville a. 
Debxay, Comjpt. rend. Ixxviii. 1782). 

On Merca^tide of Rhodium, see p. 1276. 

IIKCBA.BZNS. On the occurrence of this base in the unripe capsules of the 
red poppy {Palaver Rheeas), see p. 1664. 

ZtUUBil.RS. Prom a comparison of observations made in the last few years on 
the sources of officinal rhubarb, H. Werner {ArcL Pharm. [3], xi. 116) concludes that 
Bussian and Chinese rhubarb are obtained from Rheum folmatum, and that this plant 
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is indigenous in tBe tipper Hoang-ho in the Highland of West China around Lake 

Koko-niir. , i , -rx j 

Comparative analyses of different kinds of rhubarb have been made by Pragendorn 

(JPhariTi. tT. Trans. [3], viii. 826) : 

I. Eheum MoscoviGumt imported in 1860 with the last consignment of the Crown 

II. Eheum Chiiiense^ delivered from the Crown Warehouse, St, Petersburg, 1877. 

III. Eheum 'palmatum Tangutimm. 

IV. Eheum anglicim cfidtum from Moscow. 

V. Ehubarb cultivated in Siberia. 



I 

n 

III 

j 

IV 

• 

V 

Moisture 

9*52 

11*25 

10*35 

11*09 

8*69 

Ash 

8-27 

6-32 

24*05 

3*20 

10*38 

.Mucilage soluble in water . 

Arabic acid soluble in water not 

3-35 

1*58 

1*71 

2*55 

3*08 

precipitated by alcohol . 

5*82 

6*43 

3*17 

8*32 

2*01 

< Metarabic acid .... 

3*82 

5*70 

2*57 

3*22 

8*47 

Pararabin .... 

3*91 

2*10 

364 

1*95 

3*02 

Starch ..... 

8-40 

6*20 

6*32 

16*50 

11*95 

Cellulose ‘. . . . . 

7*45 

7*64 

4*91 

4*29 

8*61 

Sugar 

Substance readily soluble in 

5-55 

4*29 

3*94 

4*40 

3*66 

absolute alcohol, probably a 
carbohydrate .... 

2*70 

6*47 

7-41 

8*21 

1*95 

Cathartic acid .... 

5*25 

4*88 

2*03 

2*50 

2*26 

Malic acid, &c 

0*04 

1*09 

trace 

0*17 

1*24 

Calcium oxalate 

Chrysophanic acid soluble in pe- 

3-28 

4*59 

4*19 

1*12 

2*15 

1*01 

troleum spirit 

— 

trace 

trace 

trace 

Chrysophane and tannin 

Emodin, erythroretin, phaeoretin, 

17*13 

14*17 

] 

8*22 

4*83 

) 

7*84 

&c. . . . . 

Bark brown crystalline resin, &c., 

1*13 

- 1*15 

1 1*18 

1 

[ 5*89 

0*29 

soluble in alcohol and ether . 
White crystalline resin soluble in 

1*00 

) 

1 2*59 

) 

2*32 


ether, insoluble in alcohol 

0*15 

0*70 

0*49 

2*75 

Bat 

0*05 

0*15 

0*32 

6*17 

trace 

Albuminoid substances 
Paracellulose, vasculose, pectose. 

4*37 

4*39 

4*33 

3*17 

16*l0 

3*92 

lignin, &c 

18*81 

10*90 

8*68 

10*72 

1 


Cathartic acid appears to be the purgative, and tannin and chrysophane the tonic 
constituents of rhubarb, so that No. I. and II. must be regarded as best adapted for 
therapeutic purposes. 

On the detection of Turmeric in Ehubarb, see Tuemeric. 


RXGX3ff03:.BZC iLCXB, This acid may be purified by fractional are- 

cipitation of crude castor-oil soap with calcium chloride. If the first fractions, amount- 
ing to about a third of the entire precipitation, be rejected, the following ^ will be 
found to consist of pure calcium ricinole (Claus a. Hilkenkamp, Ber. ix. 1916). 

Hydriodie acid appears to act but slightly on ricinoleic acid at 100°-170° ; but on 
gradually adding phosphorus and iodine to a warm emulsion of ricinoleic acid in a 
small quantity of water, a yellow oil is obtained, consisting of iodostearidenic 
acid, ^dd easily takes up 1 mol. bromine, forming the acid 

and when treated with nascent hydrogen (zinc-filings and dilute hydro- 
chloric acid) it is converted into stearic acid (Claus a. Hilkenkamp). 


KXCXxrus. The leaves of the castor-oil plant {Eicinus communis) have been 
examined by B. S. Wayne (JPharm. J. Trans. [3], iv. 749), who finds in them ri c i n i n e 
and considerable quantities of potassium nitrate. They yielded 24 per cent, ash 
containing : 


CaO MgO 
33*40 6*20 


K“0 Na“0 
27-15 2*12 


0*70 6*68 


SO’ Cl 
2*90 1*63 


Silica 

CO“ and sand 
16-20 2*41 


Loss 

0*61 100 
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When castor-oil is distilled under reduced pressure, a colourless oil, amounting to 
about a third of its volume, passes over, together with a small quantity of a watery 
liquid, while a spongy saponifiable mass remains in the retort. The oily distillate 
consists, to about one-half, of oenanthaldehyde, and, after this has passed over, the 
thermometer suddenly rises considerably, then remains stationary for some time, and 
a body collects in the receiver, which solidifies to a cr^'stalline mass, and appears to 
be a new acid of the oleic series.^ It melts at 24'5°, boils at 198°~200°, under a 
pressure of 90 mm., and gives by analysis numbers agreeing with the formula 
It is resolved by fusion with potash into acetic and nonoic acid, and yields 

•with bromine an addition -product, from which hydrobromic acid is readily extracted 
by alcoholic potash (F. Krafft, Ber. x, 2034). 

BIPXBOXiXTXS. This mineral from the Zillerthal has been analysed by A. J. 
Egger {Min. Miitli. 1874, 244), with the following results : 

SiO“ A1“0> Fe’*0® FeO CaO MgO H“0 Sp. gr. 

26-02 20-16 1-07 28-08 0-44 15-50 9-65 100-92 2-955 

KIVOTITB. An amorphous mineral of yellow-green to dark grey-green colour, 
occurring, contaminated with malachite and imbedded in limestone, on the western 
declivity of the Sierra del Cadi, in the province of Lerida in Spain. It has been 
analysed by X, Ducloux {Compt. rend,. Ixxviii. 1471), who represents the results by 
the formula Sb^O^ + 4(Cu,Ag)GO® : 

Sb»0“ CO“ CuO Ag^O CaO Sp. gr. 

42-00 21-00 39-50 1-18 trace = 103*68 3-55-3-62 

ROCXSXiXiii rucXX*02RMXS. This lichen, which is characterised by an in- 
' tensely bitter taste, lias been examined by Stenhouse a. G-roves {Btog. Roy. Soc. xxv. 
60). It was treated with milk of lime, dried and exhausted with hot alcohol ,* the 
extracts were freed from alcohol ; the residue was boiled several times with small 
quantities of alcohol, and then with benzene to remove fat and chlorophyll ; and the 
residue then left was dissolved in boiling alcohol and filtered hot. The alcoholic 
solution on cooling deposited two kinds of crystals— slender feathery crystals of a 
substance which has not yet been examined, and large shining prisms of a substance 
having the composition designated as Picrorocellin. This compound 

melts at 192'-’-! 94°, is moderately soluble in hot alcohol, sparingly in ether and in 
benzene, nearly insoluble in water, petroleum, aud carbon sulphide. By oxidation 
with chromic acid mixture it yields benzaldehyde and benzoic acid. 

Xanthoroedlin, is formed by heating picrorocellin to 220°, or boiling 

it with dilute hydrochloric or sulphuric acid, or best by dissolving it in acetic acid, 
and boiling the solution, after adding a few drops of hydrochloric acid. It crystallises 
in yellow needles, dissolves easily in hot alcohol, and is strongly attacked by hot 
nitric acid, yielding a substance not yet analysed, which crystallises in hexagonal 
prisms. . 

Picrorocellin, boiled with aqueous or alcoholic soda-ley. yields a substance which 
crystallises in large colourless prisms, melts at 154°, and gives by analysis numbers 
agreeing nearly with the empirical formula 

XtOG-XSBSXTXf. See Niobates (p. 1395). 

CHAMOMXliE OXli. The acid product obtained by saponifying this 
oil— hitherto regarded as a single acid, viz. angelic acid (p. 86) — is now found to he a 
mixture of two isomeric bodies, viz. angelic acid, melting at 45°-45*5°, and 

boilino- at 186° (not at 194° as formerly stated), and tiglicacid, melting at 64*5° 
and boiling at 198*5°, together with small quantities of isobutyric acid, and a fourth 
acid, not yet isolated, but probably consisting of methacrylie acid (Fittig a. Kopp, 
Bgt. ix. 1195). 

Koebig {Liebig's AnnaUn. cxcv. 92), by submitting the oil to careful fractional 
distillation, has shown that it consists of a mixture of isobutylic isobutyrate, isobutylic 
angelate, amylic angelate, and amylic tiglate, together with the angelic and tiglic ethers 
of a new primary hexyl alcohol (sp. gr. 0 8295 at 15°, h. p. 162-153°), and the cor- 
responding ethers of terpene-alcohol or anthemol. Other substances, if present at all, 
can exist in the oil only in very small quantities. 

XtOSj^lsrXXiXia'E, This base is formed by digesting aurin with alcoholic 

ammonia at 150° for several days, or with aqueous ammonia at 120° for twenty hours ; 
if the action be longer continued, leueaniline is produced. At 180° the reaction pro- 
ceeds more quickly, with formation of rosaniline (Dale a. Schorlemmer, Ber. x. 1016, 
1123) see Aubin (p. 136). According to Monnet. Reverdin a. Nolting {Ber. xii. 445), 
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the presence of meta-toluidine in commercial toluidine from which rosaniline is pr© 
pared, injures the purity of the colours, ... 

Eosenstiehl {Comp. rend. Ixxxii. 415; Ann. Chim. J?hys. [o], \m. 176; Chem. 
SoG. J. xxix. 935) describes three isomeric rosanilines^ obtained : (a) from aniline 
and paratoluidine ; (j3) from ortho-toluidine (pseudotoluidine) alone, or from ortho- 
toluidine and aniline ; (7) irom ortho- and para-toluidines, or froin a mixture of these 
two bases with aniline. This modification forms the chief constituent of toluidine- 
red and of the fuehsines. As j8-rosaniline is formed from o-toluidine alone, the latter 
must first be partly converted by the oxidising agent into aniline. All _ the three 
rosanilines are resolved into their components by the action of hydriodic acid. 

Eiazorosaniline is formed from rosaniline by the action of nitrous acid. Its 
C2«H»3]sq'a0i3^g;2O + AuCl^ is a light yellow flocculent crystalline pre- 
cipitate, which detonates when heated, and when boiled with water gives off ail its 
nitrogen in the free state. The pa^mocAloride, 

likewise gives off all its nitrogen when boiled with water, leaving a residue containing 
rosolic acid. The atirochloride of diazohy dr oGymoromniline^ C“‘’H^'‘(CN)N®CP,3AuCP, 
is a yellow flocculent precipitate, which, when boiled with water, gives off only 6 ats. 
nitrogen. The sulphate is decomposed by boiling water, yielding hydrocyanorosolie 
acid (E. a. 0. Fischer, LieUfs Annalen, cxciv. 277). 

Diazoleucaniline is formed by passing nitrous gas into leucaniline hydro- 
chloride. Its hydrochloride is a light yellow sticky mass, forming with aimo chloride 
the sparingly soluble double salt, C*®H^-'’N®CP.3AuCl^ -}- H-0. 

When leucaniline is dissolved in strong sulphuric acid, the solution in small por- 
tions treated with nitrous acid, and the resulting red liquid added, with stirring, to 
boiling alcohol, a dark red liquid is obtained, which when neutralised deposits an oil 
yielding on distillation tolyldiphenylmethane, - 0H(C^H^)(C‘^iI^)2, Hence 

it appears that diazoleucaniline is converted by boiling alcohol into tolyldiphenyl- 
methane (E. a. 0. Fischer). 

Pararosanlline, = 

195, 473, 612, 1079, 1598; Liebig’s Amiale?^, onow. 242). This base is formed: 
1. By oxidising a solution of trinitrotriphenylmethane, C*®H^®(N0")®, in glacial acetic 
acid with chromic acid, whereby it is converted into trinitro-triphenyl carbinol, 
0^®H^^(N02)®0H, and reducing the latter with zinc-dust, taking care that the action 
does not go too far, as otherwise paraleucaniline will be formed. The transformation 
takes place by two stages, as represented by the following equations : 


Trmitropheayl-carbinol. 


.CW(OH) ^ ^ 6H^0 4 


KmC«HVnx^C®H^(OH) 

Triamidophenyl-carbinol. 


= H=o . 

Triamidopbenyl-carbinol. 


NH2.C«H^- 




-C^H** 

1 h 


Pararosaniline, 


Liazop ararosaniline, produced by the action of nitroiis acid on pararosaniline, 
forms a hydrochloride : 

0*®®0N«C1» - (Cm2C«H^)2C(OH)C«H^N2Cl, 


which is decomposed by boiling with water, with formation of aurin or para rosolic 
acid, C*®H^'‘0®. It unites with auric chloride, forming a yellow crystalline double salt 
slightly soluble in water. 

Hydrooyanopararosaniline, C‘®H^®N'‘ = C^®H*W,CNH, easily obtained by 
direct combination, crystallises from hot alcohol, in which it is but slightly soluble, 
in colourless oblique prisms. Its hydrochloride decomposes at 180®-190° into HCl, 
HON, and parafuchsine. Nitrous acid converts the base into diazohydro- 
cyanopararosaniline, the hydrochloride of which, W -(- 2H20, forms 

slender, colourless, very explosive needles, and is decomposed by boiling with water, 
yielding a compound identical with the hydrocyano-derivative which Oraebe a, Caro 
obtained from aurin : 

C*®H»2CN(N2C1)® + SH^O = 3N2 + 3HC1 + 

PentamethyLpararosaniline, 0^®H^2(CH®)®N®.-— This, according to E, and 0. 
Fischer (Ber. xi, 2095), is the constitution of methyl-violet, which is produced by 
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the oxidising action of manganese dioxide and sulphuric acid on hexmethyl-triamidotri- 
plienyl-methane, the product of the action of 1 mol. chloral on 3 mols. dimethylaniline 
in presence of zinc chloride. The formation of methyl-violet firom this hexmethylated 
base is represented by the equation : 

[(CH02N.O«H^]2CH.C«mN(CH3)2 + 02== [(0H8)2K.C«H4]2C<Q | 

Hexmethyl-triamidotriplienyliuetliane. Methyl-violefc. 

+ H^O + CH20 

Paraleucanlllne, is produced by the action of nascent hydrogen (Zn 

and HCl) on pararosaniline, and is precipitated as a hydrochloride, C'®E^^N2,3HCi + 
H'^O. The free base may be obtained by adding zinc-dust to a solution of trinitro- 
triphenylmethane or trinitrotriphenylcarbinol in glacial acetic acid till the red colour 
disappears. It is precipitated by ammonia, and converted into pararosaniline by 
oxidising agents, most readily by heating the free base for a short time with a syrupy 
solution of arsenic acid at 130®-140®. Pamleucaniline hydrocUoridej heated at 150°- 
160°, is partly converted into fuchsine. 

Ppaleuoaniline is converted by nitrous acid into a diazo-compound, the hydro- 
chloride of which, crystallises with difficulty, and imparts a greenish-blue 

colour to solutions. By dissolving paraleucanilinein strong sulphuric acid, treating the 
solution by small po^ons with nitrous acid, and proceeding in the manner already 
described for leucaniline (p. 1760), diazoparaleucaniline is first produced, and 
then converted into triphenylmethane, CH(C®B[^)®. 

ROSAURZN-, or ROSOZiXC ACXB, « (CsH^OH)2C<^ | (G-raebe 

\C8H»CH2 

a. Caro, Ber. vi. 1390; Liebig's Aomalen, clxx, 184; Dale a. Schorl emraer, i?cr. x. 
2230 ; Chem. Soc. J, xxxv. 159). This compound is formed by the action of nitrous 
acid on rosaniline : 

+ 3N02H = + SH^O + 3N2. 

It was formerly supposed to be produced by the action of oxalic acid on phenol in 
presence of sulphuric acid ; but Dale a. Schorlemmer have shown that the product of 
this reaction is not rosaurin, but its lower homologue, aurin, (p. 1763). At 

present the reaction above mentioned is the onlyone by which rosaurin has been obtained. 
The name ‘ rosaurin’ is proposed by Dale a. Schorlemmer in preference to the older 
name, rosolic acid, to indicate the homology of the compound to aurin, and the 
resemblance which it exhibits to aurin in its power of combining with acids. 

Preparation . — 500 grams of rosaniline (or the corresponding quantity of a ros- 
aniline salt) are dissolved in a mixture of 1500 c.c. of concentrated hydrochloric acid 
with 1500 c.c. of water, and the brownish-yellow liquid which is formed is diluted, 
after filtration, with about 150 litres of cold water. A dilute solution of sodium or 
potassium nitrite is gradually added, with constant stirring, till the rosaniline has 
almost but not quite disappeared. This point may be determined by placing from 
time to time a drop or two of the mixture on filter paper, and watching the outside 
part of the circle formed. As long as rosaniline is present, a red border is produced, 
and the addition of the nitrite must be continued till this appears very faint, but still 
perceptible. The liquid is then gradually heated to boiling, and as soon as the evolu- 
tion of gas ceases, it is quickly filtered. On cooling, tolerably pure rosaurin separates 
in fine, brilliant, brownish green crystals. To purify this product, it is dissolved in 
caustic soda, and the solution is saturated with sulphurous acid. The impurities 
separate in dark brownish-red flocks, and by addition of a mineral acid to the nearly 
colourless liquid and gentle warming, the rosaurin is obtained in a state of great 
purity. Obstinately adhering inorganic salts are best got rid of by solution in alcohol 
and precipitation with hot water. The best way to crystallise rosaurin is from dilute 
alcohol, or ly decomposing a hot saturated alcoholic solution with boiling water. In 
the first case, ruby-red ciystals are slowly formed, while in the second greenish plates 
with metallic lustre separate out. 

Rosaurin dissolves very easily in hot alcohol, somewhat more sparingly in the 
cold, and is also moderately soluble in glacial acetic acid and ether, but insoluble 
in benzene and carbon disulphide. Water dissolves it slightly, acids a little more 
freely. These solutions have a yellowish-red colour. Rosaurin dissolves in alkalis 
with a red colour, which in thin layers becomes of a bluish-red, in thick layers of a 
yellowish-red tint. In accordance with this the absorption spectrum in a somewhat 
deep-coloimed solution consists only of a bright band (from 30 to 50 on the scale of 
the Kirchhoff-Bnnsen apparatus). On dilution a violet streak appears; on still 
further dilution the bright streaks extend, and finally only a broad dark bund is seen, 
VoL. VUI. 5 X 
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the middle of which is situated at 64 to 65, but at 95 the green is very feeble. 
Eosaurin does not melt when heated to 270°. On stronger heating a bulky carbonaceous 
mass is formed, and phenol and water escape. 

Beactions . — Eosaurin has but a very feeble acid character, and therefore does not 
easily form well’-characterised salts with bases. The ammonia salt separates in the 
form of steel-blue needles, and dissolves with difficulty in alcohol, but easily in water. 
It gradually loses its ammonia on exposure to air as well as by washing. The barium 
and lead compounds also decompose when washed. Bedticing agents convert rosaurin 
into hydrorosaurin. A solution of a rosaurin-compound in caustic soda is easily 
decolorised by warming with zinc-dust. Sodium-amalgam produces the same result. 
On the other hand, sulphurous acid does not effiect this reduction even at 200*^. 
Eosaurin dissolves, with the aid of heat, in potassium cyanide, and acids added to the 
colourless solution throw down hydrocyanorosaurin. Add sulphites of the alkalis 
dissohe and perfectly decolorise rosaurin, and thus affiord a test of its purity. 

Oandidng agents act readily on rosaurin, giving rise to compounds which dissolve 
in alkalis, with formation of the same colour as the acid, and are precipitated of a 
vermilion colour, hut are difficult to crystallise. In such cases a compound contain- 
ing more oxygen, and answering to the formula seems to be formed. 

When rosaurin is heated with water at 220°--250°, a colourless body easily soluble 
in water is formed, in addition to brownish products of decomposition and phenolic 
bodies. This colourless compound may be obtained free from admixture, by extraction 
with boiling w^ater, evapration, and repeated crystallisation. In its properties and 
the result of its analysis it agrees with the compound which Lieberraann obtained by 
heating rosaniline with water at 270°. It melts at about 200°, and has a composition 
which lies between and -i- H-'O. The composition of the derivative 

obtained by heating it with acetic anhydride to 140°~150° shows that this compound, or 
at least its chief constituent, has a composition represented by the formula 
and that four of its hydrogen-atoms can be replaced by acotyl. This tetracetyl-com- 
pound, melts at 148°-150°, is easily soluble in alcohol and acetic 

acid, insoluble in water, and easily crystallisable in needles. Liebermann failed to 
obtain rosaurin from rosaniline, because rosaurin is decomposed by hot water. 

Eosaurin and acetic anhydride heated in sealed tubes to 150°~200° do not give 
rise to an acetyl-rosaurin ; but, according to the temperature, various colourless com- 
pounds are formed, and among them triacetyl-leucorosaurin, which can be isolated in 
the pure state and melts at 148°. 

Leucorosauriny prepared by warming an alkaline solution of rosaurin 

with zinc-dust till the liquid becomes colourless, separates from the filtrate in brilliant 
silky colourless crystals. By recrystallisation from dilute alcohol, columnar or acicular 
crystals are formed, which generally appear brownish. It is easily soluble, in alcohol 
and ether, especially on heating, but nearly insoluble in water. It gives with alkalis 
a colourless solution, which, when treated with potassium ferri cyanide, assumes the 
colour of rosaurin, but contains instead a body richer in oxygen. Eerric chloride 
acts upon it in the same way. 

Triacetyl-leitcorosaurin, C2oH‘s03(C2H30)3, is formed when leucorosaurin is heated 
with anhydrous acetic acid or acetyl chloride to 1S0°-150°. The product of the 
reaction, when decomposed by w^ater, washed, and crystallised from hot alcohol, 
deposits triacetyl-leucorosaurin in long needles. This compound is insoluble in water 
only slightly soluble in cold alcohol, but moderately soluble in hot alcohol. It molts 
at 148°-149°, and solidifies to a glassy mass, which, after a long time, becomes crys- 
talline. When boiled with caustic soda, it shows tolerable stability, but gradually 
dissolves to a red liquid. j ^ j 

Hydrocyanorosaurin, is obtained by acting on the potassium or 

sodium-derivative of rosaurin with excess of potassium cyanide. Acids precipitate 
hydrocyanorosaurin from the cold solution in white crystalline flocks, but if the solution 
is hot, the product cakes together in resinous brownish masses, which gradually 
become er;gtalline on cooling. It may be purified by recrystallisation from dilute 
al^hol. Hydrocyanorosaiirin dissolves easily in alcohol, ether, and benzene, but with 
difficulty in water. Alkalis dissolve it easily to colourless liquids, which become faintly 
red after long boiling. Its melting point cannot be obtained, since it remains solid 
at 200 , and decomposes when heated above this point. Concentrated sulphuric acid 
dissolves It slowly m the cold, readily at a gentle heat, with production of a violet 
colour, which becomes redder on further heating, and brown when boiled. On heating 
hydrocyanorosaurin with acetic anhydride to 140°-150°, a derivative is obtained, 
wmen has the composition of triacetyl-hydroeyanorosaurin, C“'H*YC^H*0)®NO® is 
insoluble in water, easily soluble in acetic acid and alcohol, and crystallises in small 
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colourless prisms which melt a,t 143°. By strong sulphuric acid it is coloured in the 
same way as hydrocyanorosaurin. 

TetTobromorosaimn^ is formed by dropping an excess of bromine into 

a solution of rosaurin in warm glacial acetic acid, and separates at once in brownish- 
green plates having a metallic lustre. The crystals may be freed from rosaurin by 
boiling with alcohol, but some compounds containing a smaller amount of bromine 
remain : these can be removed by recrystallisation from glacial acetic acid. 

Tetrabromorosaurin crystallises from acetic acid, which dissolves it abundantly on 
heating, in brilliant green plates. When precipitated from its solution by water, or 
from an alkaline solution by an acid, it forms red microscopic crystals. It is not 
soluble in water; dissolves with difficulty in alcohol and ether ; with a fine violet colour 
in the fixed alkalis and in ammonia. The absorption spectrum of a moderately deep- 
coloured amnioniacal solution shows, in addition to a bright band reaching from 30 to 
45 ( Kirchhoff-Bunsen scale), a second fainter one from 110 to 125. In dilute 
solutions a faint dark band appears between 60 and 60, while the part of the spectrum 
corresponding with the above bright streaks is intensely bright. Eeducing agents 
convert this tetrabromo-compound into the corresponding leuco-compound ; potassium 
cyanide forms a hydrocyano-derivative, and alkaline sulphites give rise to colourless 
solutions, from which the brominated compound is precipitated by mineral acids in red 
flocks. 


Tetrahromoleucorosaurin, obtained by heating the last-described com- 

pound with zinc-dust and caustic soda, is easily soluble in alcohol, and crystallises 
in plates from weak spirit. 

HydrooyanotetTahroTnorosaurin, prepared like hydrocyanorosaurin, crystallises in 
colourless plates, insoluble in water, but easily soluble in alcohol and ether. Heated 
with sulphuric acid, it dissolves with blue colour (G-raebe a. Caro). 


Aurin, FararosoHc acid . — This lower homo- 

logue of rosaurin is formed : 1 . By the action of nitrous acid on pararosaniline 
(p. 1760) : 

+ 3N02H = + sh^o -h 


2. Together with formic acid, by heating phenol with oxalic acid in presence of 
sulphuric acid : 

3C«H«0 -l- ■ 

Pure aurin may also be prepared from the commercial product known by the same 
name (vii. 117), by passing ammonia-gas into a saturated alcoholic solution of the 
latter, whereupon steel-blue crystals separate out, consisting of ammonia- aurin, 
CioH'‘*Os. 2NII^; and these, when decomposed by dilute hydrochloric or acetic acid, 
yield aurin, which, after being well washed and repeatedly crystallised from alcohol, 
gives by analysis, as a mean result, 78-55 per cent, carbon and 4*96 hydrogen, the 
formula C'«H requiring 78*62 C, 4-83 H, and 16*55 0. 

A further confirmation of this formula of aurin is afforded by its conversion into 
leucaurin, which is effected by treating it with acetic acid and zinc-dust. The 
leucaurin thus prepared crystallised from dilute alcohol in large fiat glistening needles, 
and when dried over sulphuric acid at 100°, gave by analysis 77'98 and 78*03 per 
cent. C, 5*68 and 5*7 H, agreeing with the formula which requires 78*08 0, 

5*48 H, and 16*44 0. 

Teirabromaurin, C‘®H’°Br '0®, is formed on adding a hot solution of aurin in acetic 
acid to a mixture of acetic acid and excess of bromine, and separates in small brownish 
crystals having a bronze lustre. Like tetrabromorosaurin (supra), it dissolves in 
alkalis with violet colour, and in acid solution dyes silk and wool deep violet. 

Compound of Aurin with Acetic Anhydride, C*®H*‘^0^,C^H®0®. — This compound ■ is 
best prepared by gently boiling aurin with acetic anhydride, mixing the resulting 
yellowish solution with alcohol to decompose the excess of the latter, adding hot 
water till a precipitate begins to form, and leaving the liquid to cool. The compound 
then separates out in small white plates melting at 168°. It may also be obtained, 
though less readily, by beating aurin with acetyl chloride and a little acetic acid till 
all the excess of acetyl chloride is expelled, and then adding water. It may he boiled 
with alcohol or acetic acid without alteration, but on adding a small quantity of 
hydrochloric acid, the solution tens yellow, and on cooling deposits stellate groups 
of brown needles consisting of a compound not yet analysed. 


* Formerly represented by tbe formula and supposed to be identical with rosolio acid 

(see Vi. 299 : vii. 117, and tbia volume, p. 33fi). 

5x2 
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CoTiipoimd mth SydrochloriG acid , — When a hot solution of aurin in acetic acid is 
saturated -with gaseous hydrogen chloride, the liquid assumes a light yellowish-red 
colour, and soon deposits glistening needles, which smell strongly of acetic acid even 
when dry, and on exposure to the air acquire a steel-blue lustre, and gradually 
crumble to a brown-red crystalline powder. This compound, crystallised from acetic 
acid and dried at the ordinary temperature, has the composition 2C‘^H^02, 

the acetic acid playing the^ part of crystallisation- water. On heating the crystals at 
110° in a current of dry air, the whole of the acetic acid is given off, leaving the 
compound C‘®JB[*‘*O^HCl, which is of a dull red colour, and may be heated to 190° in 
a current of dry air, without alteration, but begins to give off hydrogen chloride at 
200°. When hydrochloric acid gas is passed into an alcoholic solution of aurin, 
similar but smaller needles are obtained, containing alcohol of crystallisation, and 
represented by the formula C^®H^^O®,HCl 4- SC^H®0. The alcohol is wholly given off 
at 100°, leaving a dull red residue identical with that above mentioned. 

With Su.lphunG acid.— Thid compound is formed on adding a little 

sulphuric acid to a hot saturated solution of aurin in glacial acetic acid, and separates 
in prismatic crystals, or in flat, strongly glistening red needles containing acetic acid. An 
alcoholic solution treated in like manner yields small red needles of the compound 
(C19H:*^0®)*^S0^H2 containing alcohol. Both when heated in a current of dry air give 
off their acetic acid and alcohol respectively, and leave a dull red powder, which is 
resolved by water into aurin and sulphuric acid. A crystallised nitrate has also been 
obtained. 


^ With Sulphurous acid , — ^When sulphur dioxide is passed into a hot alcoholic solu- 
tion of amin, bright red crystals are obtained of a compound to which Bale a. 
Schorlemmer formerly assigned the formula (C»’H^<03)2SO* -h fp, 119). Sub- 

however, have shown that its true composition when air-dried is 
(O “*0 ySO*H'^ + 4H^O. When heated in a current of dry air it gives off w^ater 
compounds of aurin with the alkaline bisulphites, 
CisgHosso^ElH, &c. have been already described (vii. 119). 

The compounds of aurin with acids have a red colour like that of aurin itself, 
whereas those with the acid sulphites and with acetic anhydride are colourless like 
leuoaurm. This seems to show that the members of the two groups differ in con- 
stitution. 


CoraUin, 


— — , applied to the red product obtained by the action of 

oxalic and sulphuric acids on commercial phenol (vii. 391). According to Zulkowhky 
{Liebigs Annalen^ cxciv. 109), it is a mixture of crystalline substances (20 p. c.), viz 

[rosaurin], a gamct-colourod to^Uc acid, 
^ ^ 7 1’ substances (80 p. c.), viz. psewdowsolio acid: (resinens') 

separate these substances, the corallin is pulverised, sus- 
penaed in water, and dissolved by heating the liquid after addition of caustic soda. 
Un passing sulphur dioxide in excess into the solution, it becomes decolorised and 
deposits the amorphous constituents of the corallin, while the crystalline substances 
remain dissolved. The solution may be freed from the' last traces of resinous rnaner 

; and on heating tho filtrate 

with hydrochloric acid to 70°-80° the rosolic acids [aurin and rosaurin] are set free, 
and may be separated by washing, drying, and fractional crystallisation from alcohol 
recrystallisation. The rosaurin crystallises out first, 
t compound, then aurin, and lastly leuccrosaurin. 

f substance, probably C^W^O^-,.H 20 ,dissoh^^ alcohol with brownish- 
} 1 ow colour, in ammonia and fixed alkalis with crimson colour, and melts at 160° to 
a brittle mass having a, green colour and metallic lustre. 

colourless pseudorosolic acid and corallin-phthalei'n. 
^ ^ corallin owes its resinous consistency, is, when 

recently prepared, a compact, more or less reddish 'mass, which melts vLy easily 

tblTnJiHri’h T solutions with zinc-dust or sodium-amalgam, 

and then adding hydrochloric acid, a purer product may be obtained. ^ 

CorcUhn-phthakm. C-m'^O*, isomeric with phenol-phthalein,- is formed by treating 
sfum^* “ of PseudorosoUc acid with permanganate or ferricyanide of potas® 

ifV® aa amorphous, strongly staining powder resembling eolcothar, dissaving 
‘-f? ■“ ™l6t-red colour In S 

at 140“° TM-f” 8 cnatnois-colonred fluorescence. It does not melt 

imparting to mordanted wool and silk a golden-yellow 

bMmL^ a Half e’“ial acetic aoid^ yields^ with 

bromine a light bnok-red tetrabromocorallin-phthaleiii, C«’Hi”BriO<; with nitric acid 
a tetramtro-denvatm, C»Hl«(NO=).0^ whief dyes wool like picric aerd %™afeg 
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with ammonia, it is converted into a red, with aniline into a blue compound. Its 
hydro-product, boiled with acetic anhydride, is converted into a white amorphous 
diacetyl-compound, which melts with partial decomposition at 190°. 

ROSCOEIbXTS. See Vanadates. 

KOSXS. The ash of the several parts of a species of garden-rose {Bosa remontana) 
has been analysed by R. Andreasch (e/.yjr. Chem. [2], xviii. 204), with the following 
results : 




Eoots 
. 13*45 

Stalks 

14-25 

Leaves 

33-13 

Flowers 

47*41 

Na^O 


. 4*01 

0-15 

0-69 

1-95 

OaO . 


. 40-88 

51-50 

31-29 

13-25 

MgO. . 


. 7-15 

7-62 

9-23 

6-34 



. 2-86 

4-23 

2-39 

0-97 

Mn^O^ . 


. — 



traces 

traces 

Al*03 


. traces 

— 

— 

— 

. 


. 29-14 

10-62 

11*68 

25*46 

SOS . 


. 1*95 

2-22 

4-31 

3*17 

Si02 . 


. 0*21 

4-85 

5-71 

1-52 

NaCl 


. 0-35 

4-56 

1*47 

0-93 

KCl . 


, — 

— 


— 



100-00 

100-00 

100*00 

100*00 

Percentage of ash 

. 2-04 

2*31 

9-43 

6*27 


ROSXi-OIXi. This oil is prepared in India and Cashmere by distilling roses 
with water in earthenware or metal retorts by a current of steam conveyed by a 
bamboo pipe, mixing the condensed rose-water with a fresh portion of roses, and dis- 
tilling a second time. As the distillate cools, a thin layer of rose-oil collects on the 
surface. The oil, when recently taken off, is greenish-yellow, and in the liquid state, 
after clarification, light yellow with a bright lustre. At 25° or 28° it solidifies to an 
inodorous camphor or stearoptene (H. von Schlagintweit-Salkulunski, N, Bep, Bharm. 
xxiv, 129). 

According to R. Bauer also (JDingl, 'pol. J. cciv. 253), the characteristic odour of 
rose-oil belongs to the liquid portion, or elaeoptene, whilst the stearoptene is destitute 
of odour. It is therefore an error to assign the highest value to those samples of the 
oil which solidify most readily. Rose-oil artificially freed from stearoptene, 
exhibiting no sign of crystallisation at —15°, and soluble in alcohol of 75 per cent., 
may be converted into stearoptene by treatment with zinc and alcohol containing a 
small quantity of strong sulphuric acid. The stearoptene thus obtained melts, like 
that of natural origin, at 33°. 

XtOSBlMCiUltir-OXXi iLlO'XI CAIVXPKOR (Bruylants, J. Fharm. [4], xxix. 508). 
The quantity of essential oil yielded by Bosmarinus officinalis depends on the latitude 
in which the plant is grown, that from the neighbourhood of Paris yielding only 
1’4 to 1 -6' grams per kilo., whilst that grown in the south of Prance yields 3 grams 
per kilo. When freshly prepared, it is a colourless liquid, biit darkens in colour and 
becomes thick on keeping; it is miscible in all proportions with alcohol of 85 per 
cent. It smells strongly of rosemary, tastes hot and camphorous ; has a density of 
0-885 at 12°; turns the plane of polarisation to the left. It begins to boil at 150°, 
the temperature gradually rising to 200°, where it remains stationary for a short 
time, and finally rises to 260°. By fractional distillation, the oil may be separated 
into three portions, boiling from 150° to 180°, from 180° to 210°, and from 210° to 260°. 

Fraction hoiling between 150° and 180°.— By repeated distillation and rectification 
over sodium, a liquid is obtained boiling at 167°-160°, which is Isevogyrate. Its 
vapour-density corresponds with the formula for terpene, This terpene com- 

bines with iodine, and on distilling the product, it decomposes into hydriodie acid and 
cymene, ; by the action of nitric acid, it yields a-toluic acid. 

Fraction hoiling between 210°.— By careful distiUation, a liquid boiling 

at 200°-205° is obtained, which on cooling deposits crystals melting at 176° and 
hoiling at 204°. They exhibit all the properties of laui-el camphor. The mother- 
liquor boils at a lower temperature, and on distillation yields a second crop of crystals 
and some terebene. Repeated distillation results in the complete separation of these 
two bodies. 

Fraction hoiling between 210° and 260°.— On cooling this fraction in a freezing 
mixture, a large quantity of horneol separates out, which when treated with phosphoric 
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anhydride, yields a hydrocarbon boiling at 160®, and having the vapour-density 5*23. 
This, •when treated with iodine, yields cymene and hydriodie^ acid. Amongst the 
products of the action of nitric acid are borneol, and a crystalline body which melts 
at the same temperature as. camphor. The borneol, distilled with acetic anhydride, 
yields a product boiling at 230®, which is decomposed by potash, with formation of a 
hydrocarbon, and potassium acetate. 

Essence of rosemary therefore contains: 

A hydrocarbon (Isevogyrate), .... 80 per cent. 

A borneol camphor, 4- to 5 „ 

A camphor, 6 to 8 „ 

When acted on by concentrated sulphuric acid, essence of rosemary yields a mixture 
of cymene (b. p. 175®), and terpene (b. p. 16®), and on oxidation with chromic mixture, 
a small quantity of camphor, some formic and acetic acids, and terephthalic acid. 

RXrBBOSZN. See pHTHALEiN-DyEs (p. 1614). 

RTTBIBIUIME and CJBSItnKE. On the preparation of these metals from lepido- 
lite, see H, Peterson {T)mgl.<pol. J. ccxxiii. Ill j Chem. 8oc, «7. xxxii; 706). According 
to Cossa {Gazsi.'chim. Hal 1878, 235), the alum of the island of Vulcano is — with 
exception of the very rare mineral, pollux — the richest known source of csesium and 
rubidium. On the separation of these metals from it, see p. 1331. 

Soluhility of Buhidium and Ccsdum salts. — On comparing the solubility of these 
salts with the corresponding salts of the other alkali-metals, it is found that nearly 
all the simple salts of csesium and rubidium are considerably more soluble than those 
of the other alkali-metals, and that, on the contrary, the double salts of csesium and 
rubidium, as well as those which contain complex acid radicles, are much less soluble 
than the coiTesponding salts of the other alkali-metals (Godeffroy, Ber. ix. 1363). 

The following salts of these metals have been examined by Godeffroy {Liebig's 
Annalon, elxxxii. 176 ; Ber. ix. 1363; Arch. Pharm. [3], xii. 47), in addition to those 
already described (p. 368). 

Chlorides. CcBsioplatinous Chloride, 2CsCl,PtCP, is formed by heating cjosio- 
platinic chloride to fusion with oxalic acid, or in a stream of hydrogen, and separates 
on evaporating the red solution filtered from metallic platinum, in long nionoclinic 
prisms, permanent in the air, dark-red by transmitted, green by refiocted light, and 
exhibiting a fine play of colours. They melt without alteration, but are decomposed 
at a red heat into caesium chloride, metallic platinum, and free chlorine. They are 
moderately soluble in water, insoluble in alcohol. 100 pts. of water dissolve the 
following quantities of the salt: 

at 20® 40° 60 ® 80 ° 100° 

3*4 6-73 8*68 10*92 12*10 parts 

The yellowish-red solution is not altered by boiling, but is partially decomposed on addi- 
tion of alcohol, more completely when boiled with glycerol, whereby indeed the whole of 
the platinum may be precipitated from the solution. The crystals are rhomboliedrons 
with rounded edges. Cmiapalladioiis chloride, 2Cs,PdCP, crystallises from aqueous 
solution in tufts of dark red-brown highly lustrous needles. The solution is decom- 
posed by boiling, the whole of the palladium being precipitated as a black powder. 

CtBsioauric chloride, CsCl,AuCP, forms small reddish-yellow needle-shaped crystals, 
somewhat sparingly soluble in water, alcohol, and ether. 

C<ssiomavganous chloride, CsCl,MnCP, is obtained as a crystalline anhydrous pre- 
cipitate on mixing the solutions of the two salts in hydrochloric acid, and the mother- 
liquor, when left to evaporate, yields small reddish monoclinic prisms of the hydrated 
salt 2(CsCl,MnOP) -t oH*'0. 

Buhidium chloride, RhCl, crystallises in forms of the regular system, the 
cube predominating. 

Rubidnm-antimony chloride, 6RbCl,SbCP, forms hexagonal plates exhibiting the 
combination OP.P, with ooP subordinate. The P-faces are deeply striated in the 
horizontal direction. The angles of the lateral edges are equal to 129° 30', whence 
a: c=^.l : 1-8336. BuUdioferric chloride, 6RbCl,F6-CP, is obtained by evaporating a 
solution of the two chlorides with a little hydrochloric acid, in small yellowish-red 
orthorhombic crystals, permanent in the air, very soluble in water, separated by con- 
centrated hydrochloric acid as a yellowish-red precipitate. 

Buhidio-^manganous chloride, 2RbCl,MnCP 3H*0, separates, on slow evaporation 
of the mixed aqueous solutions of the component chlorides, in large pale red crystals 
easily soluble in water, insoluble in alcohol. Prom its concentrated solution it is 
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precipitated by strong hydrochloric acid as an anhydrous crystalline powder. BiiUdio- 
cadmio chloride^ 2 RbGl 5 CdOr-, is obtained as a crystalline deposit on mixing the 
solutions of the two chlorides in hydrochloric acid. If, however, the cadmium chloride 
is in excess, another double salt, 2(RbCl,CdCl®) + separates in long hard needles 
having a silky lustre ; and on evaporating the mother-liquor to dryness, and dissolving 
the residue in water, the salt 4(IlbCl,CdGl’‘^) + H^O is obtained in large well-defined 
prisms. ■ 2RbGl,HgOP, is obtained, on mixing the neutral 

solutions of the two salts and evaporating, in small anhydrous needle-shaped crystals ; 
and on dissolving these in water, and leaving the solution to evaporate, the hydrated 
salt, 2Rb01,HgCi^ + 2H“0, separates in large colourless prisms. The salt RbGlj2HgCi“ 
is obtained on evaporating. the aqueous solution of equal weights of the component 
chlorides, as a thick crystalline pulp of silky needles. When heated to 50®, it gives 
off half of the mercuric chloride, and is converted into RhGl,HgCP. 

Buhidio-auric chloride, RbCI,AaCR, is obtained on mixing the moderately dilute 
solutions of the component chlorides, as a golden-yellow precipitate, the aqueous 
solution of which yields the salt on evaporation in long golden-yellow prismatic crystals 
resembling thole of saltpetre. When heated it fiLrst changes into reddish-brown 
rubidio-anrous chloride, and at a red heat is easily and completely resolved into 
rubidium chloride and metallic gold (G-cdefiBcoy, Arch. Tharm. [3], xii. 4-7). 

Sillcotungstates. On mixing an aqueous solution of caesium chloride with 
silicotungstic acid (v. 916), a white crystalline precipitate is formed, which, when 
washed and dried, has the composition SiW*-0‘‘-0s® or 4:0s^0,Si0^12W0®. 100 pts. 

of water dissolve only 0‘005 pt. of this salt at 20°, and 0-52 at 100°, or 1 pt. of the 
salt dissolves in 20,000 pts. of water at 20°, and in 192-200 pts. at 100°. The salt is 
quite insoluble in alcohol and in water containing hydrochloric acid, hut dissolves to 
a not inconsiderable amount in dilute ammonia. 

The corresponding rubidium salt, obtained in like manner, is a white precipitate ; 
100 pts. water dissolve 0*69 pt. of it at 20°, and 5 06 pts. at 100°, or 1 pt. of the salt 
dissolves in 145-160 pts. of water at 20°, and in 19-20 ^ts. at 100°. It is insoluble in 
alcohol, sparingly soluble in water containing hydrochloric acid, but extremely soluble 
in ammouiacal water (Godeffroy, Ber. ix. 1363). 

Mo7io-nthidium JDioxalate, RbHC^OSC^H^Ok See Oxalates (p. 1454). 

IMTBXOrziXtVXXirz:, See Veratrum Alilaloids. 

BUBir and SAPPKIBB. Artificial Formation. — When a mixture of equal 
parts of alumina and minium is heated to redness in a crucible, a vitreous substance 
is produced consisting of lead silicate (the silica being derived from the crucible), 
together with white corundum crystallised in hexagonal prisms. An addition of 2 or 
3 per cent, potassium dichromate converts this white corunditm into ruby, and a 
little cobalt oxide with a trace of the dichromate yields sapphires. The crystals 
scratch quartz and topaz, and have asp. gr. of 4*0-4T. The artificial rubies, like 
the natural gems, are transiently decolorised by ignition. Another mode of operating 
is to use two crucibles, the lower containing a mixture of equal parts of alumina and 
barium fluoride, the upper serving as a cover. At the termination of the experiment, 
rose-red rubies are found in the lower crucible, while the upper contains colourless, 
long, or sometimes shorter, monoclinic prisms, consisting of 34*32 per cent. SiO^, 
35*04 BaO, and 30*37 APO^. The reaction consists in the formation, in the first 
instance, of baryta and aluminium fluoride, which latter is resolved into alumina and 
hydrogen fluoride, but must at the same time serve as a means of transport to the 
baryta, which, together with a portion of the alumina and silica from the crucible, 
forms the double silicate (Fr^my a. Feil, Comjpt. rend. Ixxxv. 1029). 

RXTPXGAXiXiOXi, or Hexliydroxy-anthraq^uinone, 

Qu-SSQs ^ C'2B[2(CO)^(OH)fi. 

Bufigallic acid, — This view of the constitution of rufigallol, first suggested by Jaff6 
{Ber. iii. 964), is supported by the fact that it is reduced by sodium-amalgam to 
alizarin (dihydroxyanthraquinone) (Jaffe, loc. cit, ; 0. Widmann, Ber, vhi. 109), and 
by heating with zinc-diist to anthracene, (Jaffe, loc. cit ; BTobukowski a. Kolting, 

ibid. 819,831). According to Schiff’s view, who regards rufigaUol as digaUic anhydride 
(vii. 1062), it should be convertible into gallic acid ; this conversion, however, was 
found by Klobukowski a. Nolting not to be produced either by hydrochloric acid at 
250°, or by potash-ley at 200°. Moreover, when heated to 250° with acetic anhydride, 
it yields a hexacetyl-derivative, C*'‘H^(G^H®0)®0^ RufigaUol, boiled with 
excess of monochloracetyl chloride, exchanges only 1 at. hydrogen for chloracetyl, 
forming the compound C^‘‘H^(C'*^H-010)0®, which is insoluble in water, alcohol, benzene, 
and carbon sulphide, and slightly soluble in glacial acetic acid, from which it crystal- 
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Uses in yellow-brown microscopic needles ; in strong potash-ley it dissolves with 
indigo-blue colour, in strong sulphuric acid with blue colour (KlobuJcowski, Ber, x. 
880). 

Eufigallol is not acted upon by tin and hydrochloric acid, but when heated for an 
hour or two with excess of hydriodic acid (sp. gr. 1 *96) and white phosphorus to the 
boiling point of the hydriodic acid, it is converted into the compound which 

forms a yellow powder, consisting of microscopic needles insoluble in the ordinary 
solvents, but dissolving in strong sulphurie acid to a greenish-blue liquid (changing 
when further heated to blue and then to violet), from which water throws down 
greenish-yellow flocks. In contact with water and sodium-amalgam, this compound 
dissolves, forming a red liquid. When distilled with zinc, it yields anthracene. 
When boiled with acetm anhydride, it yields an acetyl-derivative, C'‘‘H^(C2H^0)®0^ [?], 
which dissolves in glacial acetic acid with splendid blue fluorescence, crystallises 
from the solution in greenish-yellow needles, and dissolves in sulphuric acid with 
green colour changing to blue (Klobukowski, Ber. ix. 1256). 

avCethyl- and £tliyl«derivatives. Eufigallol, heated for three or four hours 
at 120°~130° with excess of methyl iodide, potash, water, and a small quantity of 
methyl alcohol, is converted into a red mass, which, when crystallised from acetic 
ether, yields laminae having a golden lustre, or lancet-shaped needles consisting of 
tetramethylrufigallol, C*®H‘®0®=C^'‘H‘*(CH®)W This compound is insoluble 
in ether, sparingly soluble in boiling alcohol, easily in ethyl acetate and glacial acetic 
acid. WTien boiled with a strong alkaline ley it dissolves slowly, forming a red liquid ; 
strong sulphuric acid, on the other hand, dissolves it readily on boiling, forming a 
crimson solution from which water throws down yellow flocks. It melts at about 
220°. ^ Tetrethyl-rufigallol, prepared in like manner with 

ethyl iodide, is somewhat sparingly soluble in boiling alcohol, and crystallises 
therefrom in ruby-red needles. It dissolves sparingly in ether, easily in chloro- 
form, benzene, ethyl acetate, and hot glacial acetic acid ; reacts with alkalis and 
strong sulphurie acid like the tetramethyl-compound ; melts at a temperature a 
little above 180°. By further digestion with ethyl .iodide and potash, it is converted 
into hexethyl-rufigallol, which crystallises in orange-yellow 

needles easily soluble in ether, carbon sulphide, benzene, hot glacial acetic acid, and 
hot dilute alcohol, and melts at about 140°; it is insoluble in alcohol, but dissolves 
with crimson colour in sulphuric acid (Klobukowski, Ber, xi. 880). 

RUF];HirBnO£XiX.a.GZC JLCXB, See Ellagic Acid (p. 730). 

BITTHEIN'XVM. According to Beville a. Debray {Compt, rend. Ixxx. 457), 
ruthenium tetr oxide decomposes at 108° with violent explosion, producing a thick 
black smoke like that which is given off in the combustion of turpentine-oil, and a 
strong odour of ozone. On the other hand, this oxide is formed when ruthenium is 
heated in the oxy-hydrogen blowpipe, ozone being produced in this case. Euthenium 
dioxide, heated in a stream of oxygen at a temperature somewhat above that of 
melting copper, is converted into very finely developed crystals, ruthenic anhydride 
being perhaps temporarily formed. 

RX7TXBZS. See Titanium. 

RVTXXilTBEK'X:, syn. with Nonylacetylene, = C®H’®C~CH (p. 1421). 

BITS. Secale cereale.—A. Muntz {Compt. rend. Ixxxvii. 679) has found in unripe 
rye-grain a peculiar substance called synanthrose (as it is also found in several 
synantheaceous or composite plants), convertible by boiling with dilute sulphuric acid 
into levulose (see Sugaus). It disappears as the grain ripens, being converted into 
starch. 

To detect ergot in rye-flour, E. Bottger {Zeitschr. anal. Chem. 1874, 80) treats a 
sample of the flour in a test-tube with an equal volume of ether, adds a few crystals 
of oxalic acid, and heats the whole for a few minutes to boiling. If ergot is present 
the solution exhibits a more or less reddish colour. ^ * 
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8A8ABXXi3«B.. On the Alkaloids of Sahadilla seeds, see Veeateijm: Alkaloids. 

SACCHARIC ACXB, 

C6H10O8 « 0^H*(0H)<(000H)2 C02H--(CHOH)"— CO^H. 

Action of Fhosphorus JPentachloride* — ^According to Wichelhaus {lAehig's Amahiit 
cx^xY. 252), the action of PGP on cadmium saccharate does not give rise to any 
organic chloride. 0. J. Bell, however (Ber. xii. 1271), by substituting the potassium 
salt for the cadmium salt, has obtained chloromuconic acid, C®H^CP0‘*, crystal- 
lising from alcohol in long silky needles, sparingly soluble in ether and in water, 
melting at 280°, and agreeing in other respects, and in the properties of its ethylic 
ether, with the chloromuconic acid obtained from mucie acid (vii. 827). 

Ammonium saccharate, slowly distilled ^t the heat of a paraifin-bath, breaks up 
almost quantitatively into pyrroline, carbon dioxide, ammonia, and water : 

0«H8(NH^)20® = + 2002 + 

Ethylamine saccharate is also decomposed in a similar manner, yielding ethyl-pyrroline 
in theoretical amount. No trace of any carboxylated derivative of pyrroline appears to 
be formed in either case. By these reactions, saccharic acid is distinguished from its 
isomeride, mucie acid, the amine salts of which, when heated, yield alkyl-derivatives 
of pyrroline, together with the alkyiamides of the mono- and di-carboxylated deriva- 
tives of these pyrrolines (see Ptrrolines, p. 1728) (C. A. Bell a. E. Lapper, £er. x. 

mi). 

SAGCHARXTE. Glocker in 1845 (J. Ckem. xxxiv. 494) described’ a mineral 
which he named saccharite, from its granular, sugar-like appearance. It was originally 
found on the G-lasendorfer Berg, near Frankenstein in Saxony, in a chrysoprase mine. 
According to Glocker, saccharite encloses pinchbeck-brown mica-scales, small plates 
of talc, green fibrous hornblende, long isolated tourmaline crystals, and finely divided 
disseminated iron pyrites, the surface of the specimens being generally coated with a 
crust of green pimelite. According to an analysis by C. Schmidt (v. 144), saccharite 
is a felspar most nearly approaching andesine in composition. A. v. Lasaulx (Jahrb. 
/. Min. 1878, 623) obtained some specimens of a mineral ' (which appeared to be 
identical with saccharite in its physical properties) from the five serpentine mounds 
of the Gumberg, near Frankenstein, and examined them microscopically, together with 
the original specimen described by Glocker. Glocker’s saccharite consists mostly of 
fine-grained plagioclase, exhibiting a very distinct twin-striation, and optical pro- 
perties closely resembling those of oligoclase or andesine ; next in amount comes 
orthoclase, then hornblende and tourmaline crystals, whilst in one specimen (in 
addition to the minerals already mentioned) minute fibres of talc were observed. 
Some specimens of saccharite from the "Wachberg, near Baumgarten. contained a 
large quantity of round quartz-grains, together with plagioclase, and a few isolated 
epidote grains. The Gumberg saccharite differs considerably in its microscopical 
character from that of the other localities, although its outward appearance is 
almost identical with that of Glocker’s saccharite, some specimens being white, 
with a green coating of pimelite, whilst others have a yellowish, reddish, or deep 
red colour. Quartz was found to he the predominating constituent of Gumberg 
saccharite. The yellowish-red specimens were found to he a mixture of pre- 
dominating quartz, with a small quantity of plagioclase, and a small quantity of 
colourless, granular garnet, diopside, and epidote. The garnet grains are generally 
arranged in rows, one behind the other, but they sometimes occur in bands and 
lenticular forms, in conjunction with granular quartz-aggregates. They seldom enclose 
other minerals, quartz being the only exception. The brown-red saccharite owes its 
colour to ferric oxide, which is evenly distributed throughout the mass. The felspar 
grains did not exhibit any signs of decomposition in any of the specimens, a fact which 
is at variance with the opinion that * saccharite is a felspar very much altered, and 
tindergoing decomposition ' {Blum. Min. 2. 310). From microscopical examina- 

tion of the various varieties of saccharite, v. Lasaulx is of opinion that it cannot any 
longer be considered as a distinct plagioclase species, but only as a rock-like variable 
mixture of plagioclase with other minerals, because the plagioclase almost disappears 
in some cases ; and he concludes from its ^peculiar occurrence in the serpentine rocks, 
that it is a product of the decomposition of hornblende rocks. 
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Sja.CCHiXBOSE. See Sugae. 

SATItA.'NlN^, This name has been given to a red colouring matter 

(also called ‘ aniline-pink ’), obtained bj Perkin as a product of the oxidation of 
mauveine ; also to a product which Hofinaiin a. Greyger obtained by treating ortb<> 
toluidine, or crude aniline containing it, first with nitrous acid, and then with arsenic 
acid, or better with chi'omie acid (vii. 1063). Subsequent researches, however, by 
Dale a. Schorlemmer {Ohem. Soe. J, xxxv. 683), and by Perkin {tbid. 728), have shown 
that the products formed in these two processes are not identical but. homologous, the 
body obtained from orthotoluidine having the composition and being formed 

as already pointed out (vii. 1063), according to the equations — 

2H“0 + and C2^ja[2*N^+0- = 2B[20 + 02*H2W, whereas the colouring matter 

obtained by oxidation of mauveine has the composition and is probably 

formed according to the equation ; 

C27p[24]yq-4 ^ ^ + 700® + 3H20. 

The name safranine is now therefore restricted to the higher homologue (0®'), while 
the lower (C-®) is called parasafranine. 

Safranine is also produced in considerable quantity, together with paratolylene- 
diamine, by heating amidazortholuene with orthotoluidine hydrochloride in alcoholic 
solution at 150°~160®; 

2(C’H^.N2.C’H».OT) - + C^H®(NH2)2 

(0. N. Witt, Ser. x. 873). 

Safranine is now used extensively in the dyeing of silk, and according to K. Bottger 
(JV. Bep. Bharm. xxiii. 181) is easily obtained chemically pure by treating the com- 
mercial product with alcohol. It then forms a powder having a greenish surface- 
shimmer and metallic lustre, and possessing extraordinary tinctorial power. ^ A 
peculiar and beautiful play of colours may be produced by sprinkling a fow particles 
of the powder in a porcelain capsule with a drop or two of strong sulphuric acid, 
stirring it at the same time wdth a glass rod, whereupon a most splendid blue colour 
is produced which, on addition of a drop or two of water, changes to a brilliant 
emerald-green, and by alternately dropping in sulphuric acid and water, almost all 
the colours of the spectrum may be produced in great beauty. 

The following process for distinguishing safranine from magenta-fuchsine of similar 
hue, is recommended in Eeinmann’s ‘ Farbezeitung ’ and Bhufl. pol. J. ccxii. 531. If 
the dye-stuff is in the solid state, a few grains of it may be placed on a watch-glass 
and sprinkled with 6 drops of strong sulphuric acid, which will dissolve fiiehsine with 
brown-red colour, whereas with safranine the solution will at first exhibit a green 
colour, changing to a fine blue. A solution of safranine in alcohol exhibits by trans- 
mitted light a clear roseate hue, in reflected light a muddy ponceau to scarlet colour ; 
a solution of fuchsino does not exhibit this diehroism. Dyed stuffs may bo boiled 
with alcohol, which takes up the colouring matter, or they may be treated as follows : 
Stuffs dyed with fuclisine become lighter in coloiu* when warmed with dilute soap- 
solution, and are completely decolorised by warming with solution of sodium carbonate, 
whereas those dyed with safranine are not altered by either mode of treatment. On 
drenching the dyed stuff with water containing hydrochloric acid, and immersing a 
plate of zinc in the liquid, fuchsine is decolorised as soon as the evolution of hydrogen 
begins, whereas safranine remains unaltered for a few minutes and ultimately turns 
yellow. 

Parasafranine, is obtained, as already observed, by oxidation of 

mauveine. Perkin prepares the hydrochloride, by dissolving mauve 

dye in water acidulated with hydrochloric acid, keeping the solution at the boiling 
heat, adding freshly precipitated lead dioxide by. small portions till the oxidation has 
proceeded far enough, then adding sodium hydrate in slight excess, filtering, boiling 
the red filtrate for a short time with a little powdered zinc and calcium carbonate, 
again filtering, slightly acidifying with hydrochloric acid, and adding a little sodium 
chloride to facilitate the precipitation of the colouring matter. The hydrochloride is 
thus obtained as a red-brown precipitate, dissolving in water and alcohol with a 
splendid red colour, and giving by analysis 67‘96 per eefit, carbon, 5*56 hydrogen, 
and 10'21 chlorine, the formula requiring 68'44 0, 5*42 H, and 10-41 Cl. Similar 
results have been obtained by Dale a. Schorlemmer. The other salts of parasafrauino 
are prepared by mixing the solution of the hydrochloride in boiling water with a 
slight excess of caustic alkali, then acidifying with the required acid, and, if neces- 
sary, saturating the solution with a soluble salt of the same acid. The oxedate thus 
prepared may be obtained in needles of a dark green metallic aspect by adding oxalic 
£wid and leaving the solution at rest. The nitrate, crystallises beau- 

tifully from alcohol in long needles having a dark green metallic reflex, and appearing 
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of a dark garnet-red colour by transmitted light. It dissolves somewhat sparingly in 
cold water, with moderate facility in boiling water and in cold alcohol, freely in boiling 
alcohol. 

Safranine salts differ from those of parasafranine in the colotir which they impart 
to silk, yielding shades which are somewhat more scarlet (Perkin). 

The following formnlse are suggested by Perkin as probably representing the con- 
stitution of safranine and parasafranine ; 

Safranine. Parasafranine. 


N.C®HhCH2.NHv 
II >C«H* 


0. N. Witt, on the other hand, represents safranine by the constitutional formula : 




ymcmtcm 

\CH2-— N.C'H’ 


SiLFROXi. See Sassafras-oil. 

SAFROSm*. A colouring matter belonging to the resorcinol-group, and pre- 
pared by dissolving 9 kilos, 'of tetrabromofluoreseein in alkaline water, adding 8 kilos, 
sodium nitrate, heating the mixture to boiling, and then adding 3 5 kilos, of sulphuric 
acid 66° B. The precipitate is filtered off, washed, dissolved in dilute soda-ley, and 
evaporated. The salt thus obtained dyes wool with a more bluish- red tinge than 
tetrabromofluoreseein (Bindschedler a. Busch, Okem, News, xxxviii. 226). 

SAG>AFEM"irZVK« All varieties of this resin when moistened with alcohol and 
treated with strong sulphuric acid dissolve with dark brown colour, the solution 
sometimes becoming carmine-red at the edges; on addition of alcohol, the colour 
changes to light brown-red, violet, and sometimes blue. Hydrochloric acid added to 
sagapenum moistened with alcohol produces a yellowish-red or sometimes rose-red 
coloration passing into violet, blue-violet, or even blue. Sagapenum distilled with 
steam yields 7'0 per cent, of a sulphuretted oil smelling like garlic. Petroleum ether 
dissolves sagapenum more abundantly than galbanum or gum ammoniacum, the dis- 
solved portion consisting of volatile oil and resin, and containing sulphur (Hirschsohn, 
Jahresb.f. Qhem. 1875, 859). 

SAGXS-OIXi. The volatile oil of Salvia officinalis has been examined by Muir a. 
Sigiura (Phil. Mag. [5], iv. 336 ; Ohem. Soc. J. xxxiii. 292), and further by Muir 
(Chem. News, xli. 223). The composition of the oil varies with its age. When freshly 
distilled, it contains comparatively small quantities of salviol, camphor, and 

cedrene, but as it ages, these substances increase in quantity, especially the first two. 
The oil distilled from English sage contains much cedrene boiling at 260°, together 
with small quantities of terpene, and traces of oxidised compounds. The terpene of 
sage^oil is identical with that obtained from French turpentine ; an isomeride of 
terpene, boiling at 171°, appears also to be present. 

Salviol, has a sp. gr. of 0‘934 at 1 5°, and a refractive index for the line 

I) at 20°, equal to 1*4623 : hence specific refractive energy = 0*495. A column 
100 mm. long rotates the polarised ray lo'13° to the right: hence specific rotatory 
power = -I- 16*19. Phosphoric anhydride exerts on salviol a very complex action, 
yielding polymerides of one boiling at 171°, a hydrocarbon of the benzene 

series boiling below 130°, and a paraffin boiling between 170° and 180° ; no cymene 
is formed, even if the action be continued for some time. Phosphorus pentachloride 
acts on salviol at high temperatures, producing a chlorinated derivative which is 
decomposed by distillation, yielding a terpene boiling at 157°, and probably the 
paraffin above mentioned. Bromim acts energetically on salviol, with liberation of 
hydrogen and carbon, and formation of a brominated oil, and, under certain conditions, 
small quantities of a camphor melting at 174°, and boiling at 205°. This camphor 
separates also from the portions of sage-oil distilling between 205° and 208° ; it is 
partially soluble in salviol, but separates out on cooling the solution to —15°. It is 
chemically identical with laurel camphor, but is optically inactive. 

The compounds presentfin sage-oil are stable when pure, but decompose when 
mixed with small quantities of other bodies ; and during the ageing and fractionation 
of the oil, processes of oxidation, deoxidation, and polymerisation probably occur 
simultaneously. 

SAKX. An alcoholic drink prepared in Japan from rice. For the mode of pre- 
paration, see 0. Korschelt (Bingl. ^ol. J. ccxxx. 76, 172, 229, 330, 421 ; Chem. Soo.J. 
xxxvi. 413). 

SAi:.XCirZ.XC, or ORTHO-HYDROXITBEN’ZOXC ACXR, C8.0H.C02H.H^ 
(See pp. 278, 1461). 
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SAXXCYImVHXC ACIB, This acid has been found, together with 

salicylic acid, in the urine of fever patients to whom large doses of salicylic acid had 
been administered. The two acids are best separated by treatment with a mixture of 
ether and benzene, in which salicylic acid dissolves more readily than salicyluric acid. 
From the aqueous solution of an impure mixture of the two, the salicyluric acid crys- 
tallises out last on cooling (Beck, JBer. viii, 817). 

SABXItBTXXr, is produced by the action of sodium-amalgam on para- 

hydroxybenzoic acid ; salicylic acid appears to yield an isomeric compound (A. von 
den Velden, J, pr. Chem. [2], xv. 163). The gliicoside of saliretin appears to bo 
formed by the action of acetochlorhydrose on sodium-amalgam (A. Michael, Compt, 
rend, Ixxxix. 355). 

SAXiXTE. This mineral, from the granular limestone of Albrechtsberg in Lower 
Austria, where it occurs in groups of crystals 12 cm. long, has been analysed by 
E. V. Bamberger {Min, MittK 1877, 273). A. analysis; B. values calculate from 
the formula MgCaSi^O® : 

SiO* A1»0» PeO CaO MgO Sp. gr. 

A. 65-60 0-16 0-56 26*77 18*34 = 101*43 3*167 

B. 65-56 — — 25-92 18*52 100 


According to E. Kalkowsky {Jahrh.f, Min. 1875, 755), salite is a widely difiused 
constituent of crystalline slates, also of the chloritic gneiss of Silesia, the dioritic slates 
of Kupferberg, the mica slate of Waltersdorf near Kupferberg, the hornblende slate 
of Easpenan in Bohemia, and of the erlan of Schwarzenherg in the Erzgebirge. 


SAXiTS. The specific gravi 
by students working under the d 
SilHman^s Journal^ [3], xv. 281 
numbers all refer to water at its 


ities of a large number of salts have been determined 
direction of F. W, Clarke, and published by him in 
The weighings were made in benzene, but the 
maximum density as unity. 


BaPO* . 




. 5-2179, 5-1853, 6*2855 at 18®. 

Agio’ . 




. 6*4023 at 16*5® ; after recrystallisation 
from ammonia, 6*6475 at 14*6®. 

PbPO* . 




. 6*1783 at 19®; 6*1322 at 21®. 




4 

. 3-3085 at 21® ; 3-3372 at 12*6®. 

CdP . 



« 

. 6-9857 at 12® ; 5*9738 at 13*6®. 

BiP . 




. 6*9225 at 16® ; 6*8813 at 17-5®. 

K’NiCySH’O 




. 1-875 at 11®; 1*871 at 14*5®. 

K’PtOy*,3ffO . 




. 2*6241 at 13® ; 2*4648 at 16®. Crystals 
slightly moist. 

OT’CyS 




. 1-299 and 1*316 at 13®. 

K»CrCyi’S'’,8H’0 




. 1*7051 at 17*6®; 1*7107 at 16®. 

K’PtOy'S’ . 




. 2*370 at 19®; 2*342 at 18®. 

Sodium uitroprusside 




. 1*6869 at 25°. 

NiN’0«6H’0 




. 2*065 at 14® ; 2*037 at 22®. 

ZnN’0«,6H’0 




. 2*063 at 13®; 2*067 at 16®. 

CdN’O«,4H’0 




. 2*450 at 14° ; 2*460 at 20®. 

BiN’0»5H’0 




. 2*823 at 13®. 

KBrO’ . 




. 3*323 at 19®. 

AgBrO’ 




. 5*1983 at 16®. 

BaBr=0« 




. 4*0396 at 17®. 

CaS’O’ . 




. 1*8715 at 13*5®. 

SrS=0’,6H’0 




. 2*1566 at 17®. 

BaS’O’.H’O . 




. 3*4461 at 16®. 

BaPH'O^H’O . 




. 2*8718 at 10®. 

MgP’H*0^6H’0 . 




. 1*6886 at 12*5®. 

NaPO’ . 




. 2*4756 at 19*5®. 

KPO’ . 




. 2*2639 at 14*5®. 

Na’WO‘ 




. 4*1743 at 20*5®. 

lla’WOSaH’O 




. 3*2588 at 17*5®. 

BaWO* 




. 5*0035 at 13*5®. 

NiWO* . . , 




. 6*8846 at 20*5®. 

BaMoO’ 




. 4*6689 at 17*5®. 

SrMoO* 




. 4*1654 at 20*6®. 

Na’PO* 




. 2*5111 at 12®, 

Ka’P’O’.lOH’O . 




. 1*7726 at 21®. 

MgCrO’JH’O . 




. 1*7613 at 16® ; at 130® 6 mols of water 
go off; the 7th mol. cannot, be driven 
off without decomposing the salt. 
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SALTS., 


^NH0*CrO< . 

, 


. 1*9138 at 12®. 

(NH^'-^OrW . 

. 


. 2*1223 at 16®. 

Na^CrO^ 

• 


. 2*7358 at 12®. 

(NH^)2Mg(Cr04)2,6H20. 

. 


. 1*8278 at 16®. 

K2Mg(Cr0^)2,H20 

. 


. 2*5804 at 19®. 

Cr^Oi® (well crystallised*) 

• 


. 2*3572 at 17*5°; 2*3766 at 16 
2*349 at 20®. 

The molecular volumes of these chromates are almost identical with those of the i 
responding selenates. 



« 

. 3*6847 at 20®. 

ZmP‘^0^ 


« 

. 3*7538 at 23®. 

Ni'^FO^ 



. 3*9403 at 25®, 

Zn^As^O^ . 



. 4*7034 at 21®. 

Bes0l4H^0 . 



. 1*6743 at 22®. 

«nC112H'0 . 



, 2*634 at 24®. 

Ht?(12(NH^)WO’H20 , 



. 3*2336 at 21®. 

KIO® .... 



. 3*802 at 18®. 

TeO» .... 



. 5*0704 at 14*5®. 

Mg^P^O’ 



. 2*6988 at 22®. 

Co^P^O^ 



. 3*746 at 23®. 

Mn^As^O^ 



. 3*6832 at 23®. 

Mg^As^O^ . . - . 



. 3*7305 at 35®. 

CrK®C®0i^3H20 . 



. “S-IOSO at 23®. 

Hgr-^Cnl . 



. 6*1602 at 15®. 

Hg(0='H®02)2. 



. 3*2544 at 22®. 

TeO^ .... 



. 5*7669 at 12*5®. 

BaTeO* 



, 4*5486 at 10*5® (feebly ignited). 


On the Melting Points of Metallic Salts, see Camelley (p. 937). 

Diffusion of Salts in Solution. — The simidtaneotis diflhision of salts vhich do 
not act chemically on one another —in other words, of such as contain the same base or 
the same acid — has been investigated by Marignae {Ann. Chim. Phys. [6], ii. 546 ; 
Chem. Soc. J. xxviii. 3.5; Jahresb.f, Qhem. 1874, 87) in an elaborate series of experi- 
ments, the main result of which is to confirm Graham’s observation that in a mixture 
of two salts, the difiusibility of the less diffusible is diminished, while that of the more 
diffusible is in some cases slightly increased, in others diminished, but alwa>’s in a 
smaller degree than that of the less difiusible salt. This mutual influence becomes 
less as the solutions are more dilute, but the limit towards which dilution tends to 
bring the ratio of the coefficients of simultaneous diffusion does not coincide with the 
ratio of the coefficients of separate diffusion, except in the following cases : The 
chlorides of potassium, sodium, and ammonium in presence of the corresponding 
nitrates ; sodium chloride and ammonium chloride ; potassium nitrate and ammonium 
nitrate ; the sulphates of potassium and ammonium in presence of magnesium 
sulphate. 

Mixtures of two salts which are capable of forming double salts — K^SO'* and 
MgSO'‘, for example — exhibit no tendency to diffuse in equivalent proportions : hence 
it is probable that double salts are not completely formed in solution, but only at the 
moment of crystallisation (compare p. ). No resolution of a salt into acid and 
base by diffusion was observed in any of the experiments. 

The several acids and bases exhibit the same order of diffusibility in all their 
compounds, the acid and basic radicles of the salts examined ranging themselves in 
the two following series, each beginning with the most diffusible; those among 
which the order has not been determined with certainty are grouped in brackets : 

Negative ; [Chlorine, bromine, iodine] ; nitric acid; [chloric, perchloric, and per- 
manganic acids] ; fluorine ; chromic acid ; sulphuric acid ; carbonic acid. 

Positive : Hydrogen ; [potassium, ammonium] ; silver, sodium ; [calcium, strontium, 
barium, lead, mercury] ; [manganese, magnesium, zinc] ; copper ; aluminium. 

On the constitution of Salts in Solution as determined hy their Thermic relations, 
see Heat (pp. 978-987). 

Solubility of Saline Mixtures (F. Hudorff, Per. vi. 482, 6431 — ^When water is 
saturated with two salts which exert no chemical action on one another (the same acid 
or base being common to both), the solubility of each is found to be diminished. For 
example, 100 c.c. water at 12® dissolve 29T grams of NH‘*C1 and 173'8 grams of 
NH^NO® together, whereas 100 c.c. water at the same temperature can dissolve 
37‘0 grams NH^Cl, or 183'0 grams NH'^NO® singly. In some cases the proportion of 
each 'salt which dissolves is not -influenced by the presence of a large excess of either 



1774 


SALTS. 


salt, but in other cases the presence of a large excess of one salt will almost prevent 
the solution of another. This is well illustrated by the behaviour of a saturated 
solution of the double salt, (NB[0-SO^CuSO^ 10 grains of this solution contain at 
16°, 0*855 gram of CuSO** and 0-712 of (NH^)-SO^ but if one-fifth of its weight of 
CuSO^ be dissolved in it by the aid of heat, the solution, when cold, contains T585 
grains of CuSO** and only 0'665 of (NH'^y^SO**. If, on the other band, one-fitth of 
(NH'^)^SO^ be dissolved by the aid of heat in 10 grams of this solution, and the whole 
be allowed to cool, the liquor will retain only 0*177 gram of CuSO^ but 1*816 of 
(NHO'SOh If a larger amount of ammonium sulphate be employed, the quantity of 
copper sulphate remaining in solution may be still further reduced. 100 grams of 
water at 16*1° dissolve 76*2 grams CuOl" or 121*4 grams CuOF + 2H-0. 

2. Kudorff has also endeavoured to ascertain whether a saturated solution of salts 
containing two bases and two acids is the same in whatever manner the bases and 
acids are combined ; for instance, whether a saturated solution made from a mixture 
of KNO^ and NH‘‘C1 is the same as one made from a mixture of KCl and NH'*NO®. 
The results obtained with a mixture of NH'‘Cl and KNO^ indicate that at 14*8°, 100 
grams of ’water dissolve 38*8 grams NH^Ol and 34*2 of KNO®, and, as might be 
expected, the addition of either of the pulverised salts to the solution causes no 
change of temperature. With mixtures of KOI and NH'^NO®, however, the results 
are found to vary with the proportions of the two salts in the mixture, and the 

addition of either of the salts to the solution causes a change of temperature ; but the 

addition of KNO® or NH^Cl produces no such eflTeet. The addition of KCl or NH*NO* 
to the saturated solution of NH*C1 and KNO^, produces a change of temperature. 

The following pairs of salts give a similar result ; 

K^SO* + KH-'Cl and KCl 4- (NHO'^SO* 

K'SO^ 4 NaCl and KOI 4 Na'-^SO*' 

KNO* 4 NaCl and KCl 4 NaNO» 

NaN03 4 NH‘C1 and NaCl 4 NH'NO^ 

But the pairs : 

KNO® 4 (NH‘‘)“SO^ and K-’SO*i 4 NH‘‘N03 

NaH^Cl 4 Na^SO^ and (NHO-SO^ 4 NaCl 

NaNO^ 4 K^SO-* and Na-SO' 4 KNO» 

do not give saturated solutions of definite composition. 

On the T)oiible Decomposition and Thermic effects accompanying the dissolution of 
Mixed Salts, see Heat (p. 979). 

Decomposiiiooi of Salts by Water . — The action of water on mercuric sulphate, 
HgSOV bismuth nitrate, Bi20*.3N20''^4 3H-0 and Bi^O®.N'*^0‘'^ 4 H*0, antimonious 
chloride, SbCI^ and potassio-calcic sulphate, 2CaS0'\K'**S0‘,3H”0, has been examined 
by A. Ditte {Compt. rend. Ixxix. 915, 956, 1254). The decomposition of those salts 
tabes place according to the same laws, resulting in the formation of a slightly soluble 
product, a basic salt, or calcium sulphate, while the water takes up free acid or potas- 
sium sulphate. 

To each temperature there corresponds a liquid of such composition that any 
alteration of its concentration in one direction or the other is attended with decom- 
position, or reproduction of the original salt, and that, whatever may have boon its 
original state, the liquid always returns to this limiting composition. The decomposi- 
tion appears to be independent of the quantity of undecomposed salt remaining in the 
liquid, of the quantity of its undissolved constituents, or other acid or saline sub- 
stances contained in the liquid, provided these bodies exert no chemical action on the 
salt or its constituents. 

Crystallisation of Salts from Supersaturated Solutions . — Grernez showed some years 
ago that the crystallisation of a salt from a supersaturated solution is most readily 
induced by the introduction of a cr^/stal of the same salt (v. 360), and J. M. Thomson 
has lately shown {Chem. Soc. J. xxxv. 196) that the same effect is produced by contact 
with the crystal of a salt isomorphous with that which is contained in the solution. 
To produce this effect, however, mere identity of form between the introduced crystal 
or nucleus and the dissolved salt is not sufficient; the two must be truly isomorphous, 
that is to say, identical in chemical structure as well as in form. Thus, crystallisation 
is induced in a solution of magnesium sulphate, MgS0‘‘,7H20, by the introduction of 
a crystal of the corresponding salts of zinc, nickel, cobalt, or iron, and a supersaturated 
solution of common alum may be made to crystallise suddenly by dropping into it a 
crystal of chrome-alum or iron-alum, but not by a cubic crystal of iron pyrites or an 
octohedral crystal of magnetic iron oxide. 

In a mixture of two salts, not isomorphous, the introduction of a crystalline 
nucleus isomorphous with one of them may produce the following results: 1. Crys- 
tallisation may commence suddenly, spreading however gradually through the solution 



SAMAHSKITE. 


1775 


and causing a deposition only of the salt isomorphons with the miclens. 2. "When 
sudden crystallisation takes place, causing the deposition of both salts, the salt iso- 
morphous with the nucleus will preponderate. 3. The nucleus may remain growing 
slowly in the solution, and increasing by a deposition of the salt isomorphous with itself. 

In a mixture of two isomorphous salts: 1. Sudden crystallisation may occur, pro- 
ducing a deposition of both salts, apparently in the proportion in which they exist in 
the solution. 2. When slow crystallisation takes place, the nucleus increases by 
deposition of the less soluble salt, showing that in mixed supersaturated solutions a 
gradation of phenomena may occur, passing from those shown in the crystallisation of 
a true supersaturated solution to those exhibited in the crystallisation of an ordinary 
saturated solution. 

On crystallisation from Supersaturated Solutions, see also Tscherbatschew (A. 
Fetersh. Acad. Bull. xiz. 42) ; Yiolette {Com'pt. rmid. Ixxvi. 171); Mensbrugghe {ibid. 
Ixxvi. 45, 713); de Coppet {ibid. 434); G-ernez {ibid. 566) ; Tomlinson {ibid. Ixxvi. 
171 ; IxxYiii. 194; Ixxix. 167 ; Ann. Chim. Fhys. [3], vi. 275) ; Marignac (A. Arch. 

xlviii. 120); Gernez {Com^U rend. Ixxvi. 566; Ixxix. 219, 1332; Ixxx. 44; 
Ixxxiv. 771, 1389) ; Lecoq de Boisbaudran (Jd}id. Ixxx. 321, 393, 888) ; Grenfell {Broo. 
Boy. Boo. XXV, 124); Tomlinson {ibid. xxvi. 523 ; xxvii. 121). See also Chemi. Boo. J, 
xxvi. 468-470; xxxi. 435, 436; xxxii. 696; Jahresh. f. Chem. 1873,42-46; 1874, 
42 ; 1875, 42-44 ; 1876, 48 ; 1877, 77-80 ; 1878, 51. 

On the Dissociation-tensions of Hydrated Salts, see Heat (pp. 1012, 1015). 

On the Decomposition of Ammonium Salts in Aqueous Solution at low tempera- 
tures, see p. 1015. 

On the Heat of Formation and Solution of Salts, see pp. 953-958, and 976-994. 
SAXiVlOX*. See Sage-oil (p. 1771). 

SAMAXTX:. See v. 187 ; also under GsHLEinTE (p. 859 of this volume). 
SAIVXAZISBLXTB. Crystals of this mineral from Mitchell County, North 
Carolina, have been measured by E. S. Dana {Bill. Am. J. [3], xi. 201). It occurs, 
often imbedded in a decomposed felspar, in mica-slates, traversed by granitic veins. 
It is velvet-black, translucent with brownish colour on the edges, and is accompanied 
by an octohedrally crystalline mineral (microlite or pyrochlor), columbite and a yellow 
mica. The observed forms, oo f co, co P oo . P, co P, co f 2, P co, may be referred 
to the axial ratio 

S : B : 6 = 1 . 1-883 : 0-949 

giving by calculation the prismatic angle 122° 46'. Analysis (1) by Miss Ellen 
Swallow {Bill. Am. J. [2], xi. 201) ; (2) by 0. D. Allen {ibid. [3], xiv. 128); (3) by 
J. L. Smith {ibid. xiii. 359) ; (4) by Rammelsberg {Ann. Fhys. Chem. [2], ii. 668 ; 
Jahrb.f. Min. 1878, 529). Rammelsberg has also analysed samarskite from the TJral. 
No. 5 is the mean of four analyses : 






1 

2 

3 

4 

5 

Nb'0» 

Ta^O' 



• 

j- 54*96 1 

37-20 

18-60 

} 55-13 

41-07 

14-36 

65-34 

Si02 




— 

— 

— 

0-66 

— 

Ti02 



• 

— 



— 

— 

1-08 

SnO- 




0-16 

j- 0-08 

0-31 1 

0-16 

0-22 

WO® 




— 



Ce^O® 




5-17 

4-25 

4-24 

2-37 


La^O® 




— 

— 

— 

— 

1 4-33 

DrO® 




— 

— 

— 

trace 






12-84 

14-45 

14*49 

6-10 

8-80 

Er'^0® 




— 

— 1 

— 

10-80 

3-82 

Ee®0® 




— 

— 

— 

14-61 (®) 

14-30 (®) 

FeO® 




14-02 

10-90 

11-74 

— 

— 

MnO 




0-91 

0-75 

1-63 

— 

— 

UO® 




9-91 

12*46 

10-96 

10-90 

11-94 

CaO 




— 

0-55 

— 

— 

— 

MgO 




0-52 

— 

— 

— 

— 

XO) 




0-66 

1-12 

0-72 

— 

— 

YC) 




1-25 

— 

— 

— 

— 





100-40 

100-36 

99-12 

100-93 

99-83 

j Specific gravity 

• 

— j 

1 - 

— 

5-839 

5-672 


C) Loss by ignition. (“) Insoluble residue. G) Witb Mn°0®. 




1776 SAMBUOUS— SANTONIO ACID. 

Bammelsberg infers from these analyses that samarskite is a heminiohate (tanta- 
late), isomorphonsly mixed with a uranate ; and as TJ : (hrb,Ta)» 1*10 ( nearly), the 

formula of samarskite is yj^405Q2i n 

8(2R20^3Nb20S) + 2R20»,5UO« .... [B - y,Er,Ge(Di),Be(Mn)]. 

New Metals in SamarsMte. — ^Lecoq de Boishaudran {Compf. rend. Ixxxix. 212) 
observed that the solution of an oxide extracted from samarskite gave a pair of 
absorption-bands in the blue at 480® and 463 '5®, and another pair in the violet at 
417° and 400*76®. In both pairs, the most refrangible band is the narrower and more 
intense of the two. These bands are not identical with those of the decipium, recently 
described by Delafontaine, or of any other known substances, and indicate the existence 
of a new metal which Lecoq designates by the name Samarium. The bands 417° and 
400*76® were observed some time ago by Soret {Compt. rend. 1878, Ixxxvi. 878). 

Delafontaine, in examining the earths obtained from samarskite, has observed 
appearances which lead him to suspect the existence of a new earth different from any 
yet described {Ann. Chim. Phps. [6], xiv. 238). See Yttbium-metaxs. 

SAMStrctrS. An analysis by J. Huber of the ash of elder-tree bark (Sambucus 
nigra) has been published by G-. C. "Wittstein. The air-dried b^k lost at 110®, 
11*666 per cent, water, and the bark dried at that temperature yielded 11*717 per 
cent, of ash having the following composition : 

K*0 Na»0 CaO MgO A1»0^ Fe=0» Cl S0» SiO* CO* 

13*96 0*97 30*92 10*73 0-26 t0*35 0*18 6*82 8*04 6*46 23*27 = 99*96. 

SAXTBAXi-WOOB. An amorphous substance, having the composition 
is obtained from this wood, and more abundantly from Caliatour wood, by treatment 
with boiling alcohol and precipitation of the concentrated extract with water ; it may 
be purified by converting the crude product into a lead-salt, washing this salt with 
hot alcohol, and decomposing it with sulphuric acid. The pure substance melts at 
104®-1 05®, dissolves in alcohol, acetic acid, alkaline carbonates, and caustic alkalis, 
and is precipitated from alkaline solutions by hydrochloric acid. When fused with 
potash, it yields resorcinol, acetic acid, and probably catechol and protocatechuic acid. 
By oxidation with potassium permanganate, it gives oxalic and acetic acids, together 
with a substance having the odour of vanillin. Reducing agents appear to have no 
action on this colouring matter. By the action of hydrochloric acid at 180°, it is 
decomposed into methyl chloride, a body soluble in hydrochloric acid, which crystal- 
lises in colourless needles, and forms a crystalline precipitate (m. p. 81®) with bromine- 
water; a substance soluble in alcohol, and having the composition and a 

black residue insoluble in alcohol, but soluble in caustic alkalis (Franchimont a. 
Sicherer, Ber. xii, 14). 

SAXTZBXN*. On the variations in the crystallographic elements of this mono- 
clinic felspar, see J. Striiver {Zeitschr.f. Kryst. i. 343 ; Jahresh.f. Chem. 1877, 1333). 

SAKTOirxc ACXB, C^®H^®0'‘, The preparation and properties of this acid 
have been already described. For further details respecting its crystalline form and 
optical characters, see J. Striiver {G-azz. chim. ital. 1876, 349 ; Jahresh. f. Chem. 1876, 
617). 

By the action of hydriodic acid, santonic acid is converted into a hydrocarbon, 
which is lighter than water, boils between 235® and 245®, and yields an iodine- 
derivative, By boiling for several days with hydriodic acid and amorphous 

phosphorus, santonic acid is converted into an isomeride of santonin, (also 

formed in like manner from santonin), which melts at 160*5®, and distils between 
238® and 240® (Cannizzaro a. Amato, Gazz. 1874, 446, 452). 

Methyl santonate, C^®H^®(CH®)0\ is prepared by dissolving 1 mol. santonic acid 
and 4 mols. KHO in methyl alcohol, evaporating the solution to dryness, and heating 
the residue with methyl alcohol and excess of' methyl iodide under a pressure of two 
atmospheres ; or by the action ©f methyl iodide on a solution of sodium sant/onate in 
methyl alcohol under pressure. The unattacked methyl iodide and part of the alcohol 
having been distilled off, water is added, the methyl santonate extracted by agitation 
with ether, and the oily residue left on evaporating the ether is washed with water, 
and finally purified by crystallisation from ether and from methyl alcohol. Methyl 
santonate crystallises in colourless needles melting at 86®-86*5® (Cannizzaro, Gazz. 
1876, 355). 

Ethyl santomtey O^^H^®(C®H^)0'*, obtained by heating silver santonate with excess 
of ethyl iodide, or by passing hydrogen chloride into an alcoholic solution of santonic 
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acid, crystallises in fine prisms melting at 88®-89°- It is saponified by boiling for 
eighteen hours with soda-ley of the strength of 4 per cent. It dissolTes slowly in cold 
nitric acid, and after the lapse of an hour or two is precipitated therefrom % water 
without alteration ; bnt after twenty to thirty hours it is partly decompose with 
separation of santonic acid (Sestini, 1876, 148). 

Aoetyl-santonio acid^ When santonic acid is heated for 

six hours with eight or ten times its weight of acetyl chloride in a fiask placed in a 
water-bath and connected with a vertical condenser, and the product is afterwards 
distilled, there remains in the fiask a dense fuming liquid, which may be freed from 
nndecomposed acetyl chloride by passing a rapid stream of cold air through it for 
ibout sixteen horns. There then remains a yellowish* white, confusedly crystalline 
mass, which is to be well washed with cold water, drained, dried between l3ibuloas 
paper, and digested three -times in succession with a small quantity of ether, which 
dissolves a certain portion of it, leaving a white crystalline mass nearly insoluble in 
cold water, soluble in boiling alcohol and ether, slightly soluble in cold ether, very 
soluble in chloroform, melting at 13 9°-l 40'^. This substance is acetyl- santonic 
acid. By spontaneous evaporation of its solution in chloroform it may be obtained 
in large, hard, pointed prisms. The solution in boiling ether yields it, % cooling and 
evaporation, in small, very well formed, four and six-sided prisms terminated by 
pyramids with xmequal faces. These crystals, like those of santonic acid itself, act 
strongly on polarised light. It appears to be the only product of the action of acetyl 
chloride on santonic acid. 

Acetyl-santonic acid heated for two or three hours in boiling water is converted 
into acetic and santonic acids. If dilute alcohol is used instead of water, an ethylic 
ether is formed, which melts below lOO*^. The acid, heated in the dry state to 180°- 
200®, is resolved into acetic acid and santonic anhydride (santonin), 0^®H®(0“H^0)0^ = 
(Sestini, Gazz. 1875, 121). 

Santonic chloride^ O^^H^^O^Cl, is formed by heating santonic acid with phos- 
phorus trichloride, and separates from solution in ether, in crystals which melt at 
170®-171®, and are decomposed by water and alcohol, yielding santonic acid and ethyl 
santonate respectively. The same compound is obtained by the action of acetyl 
chloride on santonic acid. Santonic bromide and iodide are produced in like manner 
by treating santonic acid with bromide or iodide of phosphorns. The iodide melts 
at 136® and the bromide at 145*5® (Cannizzaro a. Valente, Gazz. 1878, 309). 

Hydrosantonic acid, The sodium salt of this acid is obtained by 

treating a solution of sodium santonate with sodium -amalgam of 5 per cent., and the 
free acid may be precipitated from its solution by hydrochloric acid. The acid sepa- 
rates from ethereal solution in colourless crystals belonging to the orthorhombic system, 
melts and decomposes at 170®, is less soluble in alcohol and ether than santonic acid, 
and is optically dextrogyrate. The sodmm salt, forms orthorhombic 

crystals, which give off part of their water of crystallisation on exposure to the air. 
The crystals of 'potassium salt contain 2H20 (Cannizzaro, Gazz. 1876, 341). 

Hydrosantonide, is obtamed by boiling a solution of hydrosantonic 

acid in glacial acetic acid for several hours, or better by heating the acid with glacial 
acetic acid in closed tubes at about 150° for four hours, and in either case distilling 
off the acetic acid till the temperature rises to 186°. It is a crystalline substance 
melting at 155®-156® (Cannizzaro a. Valente, Gazz. 1878, 309). 

Acetyl-hydrosantonide, is formed by the action of acetyl chloride in 

excess on hydrosantonic acid : 

C13H2204 + O^H^OCl = -f- HCl -i- H^O. 

It melts at 204®, and sublimes at a higher temperature. It is but slightly soluble in 
ether, and almost insoluble in water ; is not decomposed by hot aqueous potash, but 
when heated with alcoholic ammonia at 130®, yields a substance having the com- 
position of hydrosantonamide. 

Bmzoyl-hydrosantonide, C^H^'^O'* = C^*H^®(C^H®0)0*, prepared in a similar manner, 
crystallises in colourless needles melting at 157°. It closely resembles the acetyl- 
compound, but is decomposed by heating with aqueous potash. 

Hydrosantonamide (?), C^^H-^NO^, is formed by heating acetyl- or benzoylhydro- 
santonide with alcoholic ammonia at 120®-130°, and may be purified by evaporating 
the product, washing the residue to remove acetamide and henzamide simultaneously 
produced, and crystallising from alcohol. It is soluble in alcohol, less soluble in 
ether, and only slightly soluble in boilhig water ; melts, with decomposition, at 190°. 

IsoMERiDES OF Santonic Acid (Cannizzaro, Gazz. 1876, 341 ; Cannizzaro 
a. Valente, iUd. 1878, 309). The addition of the elements of water to santonin, 
gives rise to five isomeric acids, viz. a hibasic acid, photosantonk 

voL. VIII. 5 y 
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acidi andfom’ monobasic acids, viz. santooiic acid, santoninic acid (already described, Tii. 
1076), metasantonic acid, mdi paTosantonio acid. These four monobasic acids differ not 
only in their crystalline form, solubility, and other physical characters, but also in 
their behaviour to reagents ; they are therefore metameric, not merely isomeric. 

Metasantonic Acid is formed by abstraction of hydrogen from hydrosantonic 
acid. On adding silver nitrate to a solution of sodium hydrosantonate, a white pre- 
cipitate of silver hydrosantonate is produced, which dissolves on heating, with precipi- 
tation of metallic silver ; and on continuing the heat for half an hour, adding soda 
from time to time to keep the solution nearly neutral, and finally precipitating the 
silver oxide which remains in solution by adding an excess of alkali, a liquid is 
obtained which, when acidified with nitric acid, deposits metasantonic acid in the 
crystalline state ; and a further quantity may be obtained from the solution by agita- 
tion with ether. Metasantonic acid may, however, be more conveniently prepared by 
distilling santonic acid under a diminished pressure of 52-43 mm., stopping the dis- 
tillation as soon as the distillate becomes coloured, and the boiling point rises. Both 
the distillate and the residue in the retort are dissolved in a solution of sodium 
carbonate, and after agitation with ether to remove oily matters, the alkaline solution 
is precipitated with an acid, and the metasantonic acid purified by crystallisation from 
ether. Metasantonic acid is also formed by the action of alkaline solutions on santonide, 
(jisgisQa. Metasantonic acid, when purified by repeated crystallisation from ether, 
melts, with decomposition, at 160° -161°. Its allcali-salts are very soluble. Its 
specific rotatory power is greater than that of santonic acid, 

Metasantonic chloride, prepared by the action of acetic chloride or of 

phosphorus trichloride on metasantonic acid, crystallises in slender needles melting at 
139°, moderately soluble in ether. Methyl metasantonate, prepared by passing hydro- 
chloric acid into a methyl-alcohol solution of metasantonic acid, forms large lustrous 
crystals melting at 101‘o°~102-5°. 

Parasantonic Acid, is prepared from parasantonide (p. 1779) by 

boiling it with soda-solution, precipitating with an acid, and purifying by crystallisa- 
tion from ether or from water. It may also he obtained by decomposing parasantonide 
with boiling dilute hydrochloric acid. The free acid forms large white crystals, which 
are moderately soluble in ether and in water. It is a strong acid, easily expelling 
carbonic acid from its salts. The parasantonates are mostly very soluble in water 
and in alcohol, but difficult to obtain in the crystalline state. The barium salt, 
(C'^H^®0^)^Ba, forms slender needles. Parasantonic acid, when treated with acetic 
chloride or phosphorus trichloride, does not yield the corresponding chloride, but is 
converted into parasantonide. Methyl 'parasantonate crystallises in hard prisms melt- 
ing at 183°--184°. Ethyl parasantonate forms colourless needles melting at 172°, 
only sparingly soluble in ether. 

Pbotosantonic Acid. Sestini, in 1865 {B^ertorio ital. chim. phar?n. 1865), 
observed that when an alcoholic solution of santonin was exposed to direct sunlight, 
it was decomposed, with production of an amorphous resinous substance, a small 
quantity of formic acid, and a crystalline compound since ascertained to be the di- 
ethylie salt of photosantonic acid, C^5B[18(C2H5)20^. If the alcohol is anhydrous, 
nothing but amorphous resinous compounds are obtained, but with aqueous alcohol, 
ethyl photosantonate is produced with comparatively little resin, 85 grams of santonin 
in 6 litres of alcohol of 65 per cent, having yielded 28 grams of the ether after being 
exposed to the summer sun fora month. On substituting metbyl for ethyl alcohol, 
the corresponding methyl compound is produced. The ether is precipitated in the 
crystalline state on mixing the alcoholic solution with six to eight times its volume of 
a dilute solutiou of sodium carbonate, and may he purified by crystallising it first 
from alcohol, and then from ether-alcohol. Photosantonic acid is also formed when 
an aqueous solution of sodium santonate, or santonin, suspended in a solution of 
sodium^ carbonate, is exposed to sunshine. A similar transformation is effected by the 
insolation of a solution of santonin in glacial acetic acid of 95 per cent., this being, in 
fact, the most convenient method of obtaining free photosantonic acid. The free acid 
may also be obtained from the ether by saponification with a dilute solution of sodium 
hydrate, or with baryta-water. 

Photosantonic acid, crystallises from its alcoholic solution in colour- 

less prisms belonging to the orthorhombic system. It is only slightly soluble in boiling 
water, but readily in alcohol, ether, and chloroform. It loses its water of crystallisa- 
tion at 100°, and then melts at 153°. 

Photosantonic acid decomposes the alkaline airbonates, with the aid of heat, but 
does not yield crystalline compounds. Calcium photosantonate, (C^®H*®0‘‘)2Ca + 4H20 
crystallises in white silky needles, soluble with difficulty in cold water. On heating 
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this salt with calcimn hydrate, a dicalcic salt is obtained which is readily soluble in 
water, but may be precipitated in white amorphous flocks by addition of alcohol. 
Barium j^hotosantonate, C^*H^®Ba0‘* + 2H20, is a white amorphous substance precipi- 
tated by alcohol from its aqueous solution. Silver jphotosa7itonaie, + 4H^O, 

is obtained as a white precipitate on adding silver nitrate to a solution of barium photo- 
santonate. The diethyl ^hotosantmate, obtained in the manner previously mentioned 
by exposing a solution of santonin in dilute alcohol to direct sunlight, is identical with 
that prepared synthetically by the action of ethyl iodide on silver photosantonate. 
It crystallises in large very thin plates, which melt at 67°-68°. It is noteworthy 
that both this compound and ethyl santonate become liquid in contact with moderately 
dilute nitric acid. Methyl photosantonate, prepared by the insolation of santonin dis- 
solved in methyl alcohol, crystallises in long prisms, which melt at 56 '5°, and are 
readily soluble in alcohol or ether, and but little soluble in water. The methyl com- 
pound prepared synthetically from methyl iodide and silver photosantonate melts at 
51®-52°. 

SAlffTOWirr, Beactio^is . — ^When santonin is added, even in con- 

siderable quantity, to antimony trichloride, no coloration is produced till the trichloride 
is heated to incipient ebullition, when a very characteristic bluish olive-green tint 
makes its appearance (Watson Smith, B&r, xii. 1420). 

When santonin is digested with strong sulphuric add, and small quantities of 
ferric chloride are added, the faint red colour at first produced quickly changes to a 
very fine purple (D. Lindo, Chem. News, xxxvi. 222). 

Xsomerldesi Four compounds are known isomeric with santonin : — 

(1 and 2), On boiling santonin with hydriodie acid (b. p. 127°) and amorphous 
phosphorus, until hydrocarbons cease to be formed, removing these by distillation in a 
current of steam, concentrating the residue, and neutralising with sodium carbonate, 
a mixture of two isomerides of santonin is precipitated. This mixture may be purified 
by crystallisation from water and ether, and the crystals of the two isomerides separated 
mechanically. One of them, which crystallises in long flexible needles, consists of 
metasantonin, which melts at 160*5°, and boils at 238°-240° (p. 1776), whilst the 
other, not previously described, crystallises in large hard prisms melting at 136°. 
Both these compounds are very stable, and have the same rotatory power ; they are 
not sensibly acted on by acetic anhydride or chloride, or by phosphorus trichloride. 
They both yield monobrominated derivatives when treated with bromine; monobromo^ 
metasantonin crystallises in silky needles, melting at 212°, whilst the corresponding 
brominated derivative of the other modiflcation melts at 114° (Cannizzaro a. Carnellatti, 
Gazz. 1878, 318). 

(3) . Santonide. When a solution of santonic acid in glacial acetic acid is 
boiled for several hours, and the acid is then distilled off until the temperature rises 
to 180°, a residue is left, which solidifies on cooling to a viscous mass of the colour of 
amber. This residue is agitated with ether and an aqueous solution of sodium car- 
bonate, the ethereal solution decanted and evaporated, and the santonide thus obtained 
is purified by repeated crystallisation from ether. Santonide melts at 127°-127’6°. 
The quantity obtained forms but a small proportion of the product, the greater pro- 
portion consisting of unchanged santonic acid, which is dissolved by the alkaline 
solution. 

(4) . Paras an tonide is prepared and purified in a similar manner, but the dis- 
tillation is continued until the temperature rises to 260°. It melts at 110°-110*5°. 
Both santonide and parasautonide are leevorotatory, but santonide is the more energetic 
of the two. Parasantonide, boiled with caustic soda-solution, is converted into para- 
santonic acid (p. 1778) (CannizzarG a. Valeute, Gazz, 1878, 309). 

SAZSTTO^Ol^. This name is given to two phenolic bodies, one crys- 

talline, the other liquid, obtained by treating santonin with zinc in a current of 
hydrogen (vii. 1076). 

SAPOTTIW, (v. 192 ; vi. 1013). J. Christophsohn {Arch. Bharm. [3], 

vi. 432, 461) infers from comparative experiments that the roots of Saponaria 
officinalis and Gypscphila Struthium, the bark of Quillaja, and the seeds of Agrostemma 
Githago contain one and the same saponin, the pure preparations obtained from all 
these sources exhibiting, on elementary analysis, the same composition, and yielding, 
when decomposed by dilute acids, equal quantities of sapogenin and sugar. The 
differences hitherto found in the analyses of saponin from various sources must there- 
fore be attributed to impmities in the preparations. Christophsohn also gives the 
results of quantitative estimations of saponin in various drugs, made either by the 
preparation of barium-saponin, or by determining the quantity of sapogenin obtained 
by decomposing saponin with hydrochloric acid. According to these determinations : 
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Q,uiiiaja bark contains 
Eoot of Gypm]^kila StrutMum 
Seed of Agrostemma Githago 
Root of Saponaria ruhra . 


8*51- 8*83 p. c. saponin 
14:*52^14*60 
6*54- 6*80 ,> 

4*29- 5*61 


Cliristophsohn also confirms the statement of Bolley and others (v, 194), that saponin 
and senegin (from senega-root) are identical. 

PliiclSger, on the other hand, is of opinion that several saponins may exist in 
different plants, probably forming a homologous series iAroh. Phar?n, [3], x. 532). 

Parillin, or Sarsaparilla-saponin, = (saponin) +8GH‘'^ 

Fliickiger (loc. cit . ; also Pharm, J. Tram. [3], viii. 488) prepares this compound by 
digesting bruised sarsaparilla root several times with warm alcohol of sp. gr. 0*835, 
distilling the liq.uid to about one-sixth of the weight of the root employed, and mix- 
ing the thick extract with 14 times its weight of water. The glutinous parillin 
thereby separated is freed from the liquid by decantation, then suspended in water 
the liquid is filtered off, and the residue washed. 

Parillin is less soluble in weak spirit than in strong alcohol or in water. From 
boiling alcohol — best from that of sp. gr. 0*970 — it crystallises in double-refracting 
laminae or prisms, but never in measurable crystals. Air-dried parillin contains water 
of crystallisation which it gives off at 100^^. It melts at 210°, is almost insoluble in 
cold water (1 pt. in 10,000), dissolves at 25° in 25 pts. alcohol of sp. gr. 0*814, much 
more freely in boiling alcohol. Chloroform dissolves it readily, and leaves it on 
evaporation in the form of a syrup, which, however, may be crystallised from water. 
Parillin does not excite sneezing, like saponin, and in the solid state does not taste 
harsh, but exhibits this taste in aqueous and more decidedly in alcoholic solution ; it 
has a neutral reaction, and is inactive to polarised light. Strong sulphuric acid dis- 
solves parillin with yellow colour, changing, by absorption of water, into a splendid 
red -which lasts for days. Heated with sulphuric acid of 10 per cent., or with phos- 
phoric acid, it assumes a green colour, changing to red and finally to brown, the 
reaction not being altered by addition of nitric acid or bromine. An aqueous solution 
of parillin gives with alcoholic, but not with aqueous lead acetate, a precipitate 
soluble in excess of lead acetate or of alcohol ; it is also precipitated by basic lead 
acetate and by tannic acid. It does not reduce Fehling’s solution at ordinary tem- 
peratures, and only after several hours when heated; neither does it reduce a cold 
solution of bismuth nitrate, or a solution of mercuric iodide in sodium bicarbonate. 
On boiling with dilute acids, however, reduction takes place, a sugar, at least partially 
ci^stallisable, being first produced, and a flocculent substance, insoluble in water, 
called pari gen in, being afterwards separated. This sugar reduces all the solutions 
above mentioned. The reaction is represented by the equation : 

C4oja;7ooi8 ^ + 2C«H'20“ + 2H=0. 

This decomposition is accompanied by the production of an extremely sensitive green 
fluorescence, which is likewise produced when hydrogen chloride is passed into a 
solution of parillin in chloroform, and in the decomposition of parillin by sulphuric 
acid ; it disappears on addition of water or ammonia. 

Pari gen in, is nearly allied to sapogenin, C*'‘H-202, also to cyclarairotin, 

C^‘*H'‘0®, and, like the latter, is but slowly acted on by fused alkalis; it is, however, 
readily attacked by acetyl chloride (Fliickiger), 

SAPBKXXtx:. On the artificial formation of this gem, see Ruby (p. 1767). 

SARAWAKITB. A crystallised mineral, probably a chloride of antimony, 
occurring in cavities of antimony in the state of Sarawak, Borneo. The crystals 
appear to be quadratic ; they are rounded on the edges, and have a diamond lustre 
(Frenzel, Min, Mittk. 1877, 300), 

S This base has been found, together with carnine, guanine, xanthine, 
and hypoxanthine, in the extract obtained by boiling yeast with water (Schutzenbergerl 
Conygt. rend, Ixxviii. 493) ; also, together with guanine, in the spermatic fluid of 
the salmon (Miescher, Ber. vii. 376). 

SARCOSXirxS, or IVCBTHYXi-GX.YCOCXXO'Z:, CH(CH3)NH2.COOH See 
Glycocinb (p. 879). • « 

SAWCOSIKTIC ACID,C«HW=CH^(OT2).CH2.COOH. An acid occurring, 
together with a rpd colouring matter, in a variety of shellac from Mexico, called 
‘ ArrO by the Indians, and known in commerce as Boma de Sonora or Gumnii Sojjora 
It crysUllises in white silky scales, dissolves easily in cold, still more readily Ui hot 
water, but is insoluble in absolute alcohol and in ether ; the aqueous solution has an 
acid reaction. It melts at 195°, does not sublime, gives off ammonia when ignited 



SASSAFUAS— SCOPOLIA. 


1781 


with soda-lime, but not when boiled with caustic soda. Treated in aqueous solution with 
nitrous acid, it gives off nitrogen and is converted into lactic acid. It is a weak mono- 
basic acid ; its silver and sodium salts are crystalline ; the barium and calcium salts 
amorphous. It forms crystalline compounds with hydrochloric and nitric acids, and 
is carbonised by heating with strong sulphuric acid. * It is isomeric with alanine, 
sarcosine, lactamide, and urethane, and agrees in many of its characters with alanine, 
being like the latter an amido-acid, but differs from it in taste and crystalline form, 
and in possessing a much less decided acid character. The difference between the 
two may perhaps be represented by the following formulae : 

OmCH(NH=).COOH CH2(NH2).CmCOOH 

Alanine. Sarcosinic acid. 

SASSAFRAS OXXi. Eectified sassafras oil, when cooled to 0®, deposits a con^ 
siderable quantity of crystals, only a small portion remaining fluid. The oil obtained 
by heating the crystals to 7 0® solidifles only after exposure for several weeks to a 
temperature below 0° ; but if the crystals be allowed to melt at a temperature not 
exceeding 20°, tbe liquid mass solidifies easily on cooling. These characters demon- 
strate the identity of St. Evre’s sassafras camphor (v. 199) with the safrol of Grimaux 
a. Kuotte (vi. 1014), The crystals of safrol belong to the monoclinic system (Arzruni, 
JSf, Bep, Bharm. xxv. 615). 

SAXrsSXrRXTB (v. 200). This mineral has been found in thin layers and 
irregular masses in the nephrite of the Kiinliin range in Central Asia (p. 1387). An 
analysis by v. Fellenherg \Munch. Akad. Ber. iii. 227) gave : 

SiO“ Al^O" Fe=0* FeO GaO MgO H*0 

48’25 22*60 7*47 1-03 12*70 1*80 6*22 0*65 = 100*62 

leading to the formula (CaO,K2O)3Si0' 4- 2(Al-0^,Fe”0^).3Si02, in which K-0 : CaO = 

1 : 2and AlW : Fe-O^^d : 1. 

SAlTirXTB. The mineral hitherto known by this name, or by that of nickel- 
bismnth glance (i. 596), is essentially a mixture of polydimite (p. 1660) "with bismuth- 
glance (Laspeyres, J.jpr. Chem, [2], xiv. 397). 

SCAMMOM"F. For the preparation of pure scammony-resin, E. Ferret {Bull, 
8oc. Chim. [2], sxviii. 522) recommends exhausting the crude commercial resin with 
boiling alcohol, neutralising the alkaline filtrate with dilute sulphuric acid, and sepa- 
rating the resulting precipitate, which contains all the colouring matter, by filtration. 
The filtrate, freed from alcohol by distillation and dried by prolonged heating at 104°, 
yields the pure anhydrous resin. 

SCAiraxUlvI. A metal of the yttrium group, discovered by F. Nilson in 1879, 
and further examined by Cleve. It occurs in gadolinite and yttrotitanite, has the 
atomic weight 44, and forms only one oxide, Sc-0® (see Yttbium Metals), 

SCAPOXiXTXi. F. D, Adams {SUL Am. J. [3], xvii. 315) finds that many 
scapolites contain chlorine, fourteen specimens from different localities yielding that 
element in quantities varying from a mere trace to 2*4 per cent. In some cases the 
chlorine was not driven off, even at a white heat. It is probable that when the 
scapolite decomposes, the chlorine is one of the first constituents to disappear, 

SCHBBXiXTX:. See Tungstates. 

SCHXZOIVIYCXSTBS. See Fermentation and Ferments (pp. 776, 782). 

SCRROCRXIirGBXlXTX:. A mineral from Joachimsthal, containing uranic 
oxide, carbonic acid, and water, together with a small quantity of lime, and extremely 
small traces of sulphuric acid. Loss by ignition = 36*7 per cent. It forms spherical 
groups of light greenish-yellow six-sided tablets implanted on pitchblende. From its 
optical characters it appears to belong to the orthorhombic system (A. Schrauf, JaW. 
/. Min. 1873, 646). 

SCX.BRBTKR'S'THRXXr, SCXiBROMVCXia*, SCXiBROTXC ACIR, 
SCXiBROCRVSTAXiIiXM', and SCXiBRORAXiTTHXDr. Constituents of ergot 
(p. 737); further, Dragendorff a. Fodwissotzky {Buss. Z&itschr. Bkarm. xvi. 129, 161 ; 
Jakresb.f. Chem. 1877, 943). 

SGOBBCXTB. On the variety of scolecite occurring at Foonah in Hindostan, 
see Foonahxitb (p. 1663). 

SCOPpXiXA. ScopoHa japonica is a solanaceous plant intermediate in character 
between Solanura and Atropa. Its roots are used in Japan for the same purpose as 
Atropa Belladonna in Europe, but their effect is less powerful. They contain solanine, 
but no atropine. The plant is highly fluorescent. 
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SCORODZTB. Crystals of this mineral from Dernbaoh in Kassau hare been 
examined by G. vom Eath {Jahrb. f. Min. 1876, 394), who finds the axial ratio to be 

a:b:c = 0-86730 : 1 ; 0-93580 


and for the angles of the primary pyramid : 

Macrodij^onal terminal edge = 102® 52' 

Braehydiagonal „ =114° 40' 

Lateral edge = 111° 6' 

Brazilian scorodite, measured by N. x. Kokscharow (ibid. 1877) 800), gave values 
agreeing exactly vdth the above. 

W. V. Beck (ibid. 162) has analysed a dark liver-coloured or indigo-blue mass of 
sp. gr. 3*084, occurring on a newly-discovered bed of silver ore in the Troitzker Circle 
of the G-overnment of Orenburg, and regards it as a mixture of scorodite with brown 
iron ore and silver chlorobromide. The results are given in the following table. 
1-3. Analyses. 4-6. The same, after deduction of silver-compounds and lime ; 



AgCl, AgBrC) 

CaO 


1. 

(found) 

5*78 

2*18 

36*80 

2. 

6*41 

2*07 

36*73 

3. 


9*25 

1*48 

35*40 

4. 

(corr.) 

— 

— 

39*75 

5. 

)» 

— 

— 

40*10 

6. 


— 

— 

39*66 


(}) Enclosing small quantities of matrix. 


As=0^ H“0 

42*37 13*43 = 100*56 

41*44 13*43 = 100*08 

40*44 ( 2 ) 13*43 = 100 

45*75 14*50 = 100 

45*24 14'66 = 100 

45*80 15*04 = 100 

(“) Determined by difCeronce. 


On so-called earthy scorodite irorsn. Nertschinsk, see Jooynite (p. 1142). 

S£BXC, or SBBACXO iLCXB, (v. 212). 0. N. Witt (B&)\ vii. 219) 

prepares this acid by mixing castor-oil with the strongest soda-ley, leaving the mixture 
for some hours at 40°, separating the resulting hard crust Irora tlio small remaining 
quantity of liquid ; then crushes, dries, and heats it, with stirring, in an iron vessel 
till the smell of octyl alcohol is no longer perceptible and the mass begins to turn 
brown ; and immediately shakes the residue into cold water. From the solution thus 
obtained, the sebic acid may be precipitated by hydrochloric acid. See also Neison 
{Chem. hoc. J. xxvii. 301). 

ZMCetallio Sebates. Sebic acid is bibasic. Its normal salts appear to be more 
stable than the acid salts, the latter being, in some instances, decomposed by pro- 
longed boiling of their acid solutions. The acid salts appear to be all more or less 
soluble in water ; the normal salts of the heavy metals and of calcium are insoluble 
in water ; the rest are soluble. 

JPotassium salts, is prepared by adding a hot alcoholic solution of 

potassium hydrate to a hot alcoholic solution of sebic acid keeping the latter in excess, 
and separates at once in minute crystals which are easily purified by washing with 
alcohol. It forms white anhydrous microscopic needles, not deliquescent, easily 
soluble in cold, still more readily in hot water, moderately soluble in alcohol, yielding 
strongly acid solutions. obtained by adding a hot alcoholic solution of 

sebic acid to a large excess of alcoholic potash, and purified by boiling witli alcohol, 
washing with hot alcohol and drying, is a white anhydrous crystalline powder, con- 
sisting of minute granules, readily soluble in cold, still more in hot water, sparingly 
in alcohol, forming solutions which are neutr.'il to litmus. 

The sebates of sodium are prepared in the same manner as the potassium salts. 

is a fine crystalline powder, easily soluble in water, moderately in alcohol, 
forming solutions which have a marked acid reaction. C*°H*®0‘‘Fra2 is obtained in 
very fine microscopic crystals, non-deliquescent, very soluble in water, slightly soluble 
in alcohol. 

Ammonium sebates can be obtained in solution in the same manner as the potas- 
sium salts, but on attempting to separate them in the solid state, they are invariably 
decomposed with loss of ammonia. 

Silver s eh ate, obtained by precipitation, is a white powder rapidly 

turning pink on exposure to light, and readily soluble in nitric acid. 

Barium salts, (C*‘^H“^0‘)2BaH2, prepared by boiling barium carbonate with 
excess of aqueous sebic acid, is a white confusedly crystallised non-deliquescent salt, 
easily soluble in water, and crystallising therefrom in needles. prepared 

by prolonged boiling of the acid with excess of barium carbonate, separates from con- 
centrated solutions in white anhydrous crystalline crusts, easily soluble in water with 
neutral reaction. The strontium salts were prepared in like manner. ThQ acid 
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salt forms "white crystalline crusts ; the normal salt, a white anhydrous crystalline 
powder. Calcium salts, prepared by adding a hot solution of 

acid potassium sebate to a solution of calcium chloridej is a dense white precipitate, 
slightly soluble with acid reaction in water, partially decomposed by prolonged boiling 
into sebic acid and the normal salt, obtained by adding normal sodium 

sebate to calcium chloride solution, is a dense white amorphous precipitate. 

Magnesium salts, prepared like the acid barium sEilt, crystal- 

lises in groups of white anhydrous needles, easily soluble in water with strong acid 
reaction, very slightly soluble in alcohol. prepared like the normal 

barium salt, forms thin white crystalline crusts readily soluble in water, slightly in 
alcohol. 

Zinc s eh a te, ^ ® 0‘‘Zn, is a heary white pulverulent precipitate, slightly soluble 
in water and in dilute ammonia. Nickel sebate, obtained by dissolving 

nickel hydrate ^ in aqueous sebic acid, forms pale-green anhydrous crystalline crusts, 
slightly soluble in eold,^ more soluble in hot water, insoluble in alcohol. Cohalt sebate, 
C>ojji604Qo, prepared in like manner, forms thin purple-blue anhydrous scales slightly 
soluble in cold, somewhat more in hot water. Solutions of nickel and cobalt salts are 
not precipitated by sebic acid or its alkali-salts (Neison). According to O. N. Witt 
Qoo. ciL), the rose-coloured solution of cobalt carbonate in boiling aqueous sebic acid, 
if evaporated after tlie excess of acid has separated out on cooling, yields crystalline 
crusts of the hydrated salt G^®H^®O^Co -f- 2H^O ; and the same hydrate is obtained, by 
spontaneous evaporation, partly in rose-red granules made up of microscopic needles, 
partly in ruby-red prismatic crystals. It gives off tbe greater part of its water at 
120°, assuming a splendid violet colour, the rest with slight decomposition at a higher 
temperature. 

Lead sebate, obtained by precipitation, is a heavy white powder insoluble in water 
and alcohol, either hot or cold, not changed by boiliag with sebic acid. 

Ctipric sebate, is a light emerald-green bulky precipitate which 

shrinks considerably on drying and then forms a green light powder. It dissolves 
readily in ammonia, forming a dark purple solution, which leaves, on spontaneous 
evaporation, a bluish-green mass containing ammonia, possibly a cuprammonium 
sebate. 

Mercuric sebate, C’®H^°O^Hg, obtained by decomposing mercuric chloride either 
with normal or with acid potassium sebate, is a white insoluble precipitate. Sebic 
acid in hot aqueous solution does not precipitate mercuric chloride. 

Mercurous sebate, C^®H*®0‘*Hg“, obtained by precipitating mercurous nitrate 
with potassium sebate, is a heavy white amorphous powder, slightly soluble in water, 
very slightly in alcohol. 

Aluminium^hydrogen sebate, (C^®B[’®0‘)®A1H®, obtained by precipitating a 
strong solution of alum with acid potassium sebate, or by boiling freshly precipitated 
alunaina with excess of sebic acid, is a white friable powder, slightly soluble in cold, 
easily in hot water, and separating on cooling in white anhydrous semicrystalline 
scales (Neison). 

Sebic Xftliers (Neison, Chem, 8oc. J. xxix. 314). Methyl sebate, C^®H^®0^(CH®)-, 
is prepared by dissolving 2 pts. . by weight of sebic acid in 1 pt. of warm methyl 
alcohol ; gradually adding a double volume of strong sulphuric acid, and heating the 
mixture for some time on the water-bath, with frequent agitation ; adding water after 
cooling ; washing the oily layer thoroughly with water ; dissolving it in ether ; drying 
the ethereal solution over calcium chloride and potassium carbonate ; distilling; heating 
the residue for some time at 120®, and leaving it to cool. Tthe crude ether is thus 
obtained as a white waxy mass, which may be purified by boiling it with a very dilute 
solution of sodium carbonate, redissolving it in ether, distilling off the latter, and 
heating the residue at 150®. Methyl sebate thus prepared is a white wax having a 
strong and rather pleasant odour, and obtainable by spontaneous evaporation of its 
ethereal solution in small needles or plates having a nacreous lustre. Ether and hot 
alcohol dissolve it readily ; cold alcohol slowly, hut in considerable quantity. It is 
insoluble in cold water, slightly soluble in hot water. It is easily saponified by 
alkaline hydrates, but not by alkaline carbonates. It melts at 88° ; becomes hard 
and brittle at —25® to —30° ; and boils, though not without decomposition, at about 
288°, yielding a brown distillate, which, however, may be decolorised by boiling its 
alcoholic solution with animal charcoal. 

Ethyl sebate, is prepared by passing hydrochloric acid gas into 

an alcoholic solution of sebic acid, and purified by boiling it first with water, next 
with dilute sodium carbonate, and again with water ; then dissolving it in ether, 
drying the ethereal solution over calcium chloride and potassium carbonate, distilling 



1784 SELEmUM. 

off tlie ether, and submitting the residue to fractional distillation^^ collecting apart the 
portion (about 90 p. c.) which passes over between 306° and 310°. 

Pure ethyl sebate is a colourless oily liquid having a density of 0‘96o at 16 ,, and 
a strong odour like that of melons. It solidifies at — 4*5° to a white wax consisting 
of nodules of minute needles and plates, and becomes^ bard and friable at -60 to 
— 35° ; boils without decomposition at 307°-308°. In its relation to solvents and to 
alkalis, it resembles the methylic ether. 

EthMiijdjmim sebate is formed in small quantity in the preparation of the normal 
ether, hut has not yet been obtained pure. It dissolves when boiled^ 
carbonate or shaken up with cold soda-ley, but a considerable portion is at the same 
time decomposed. On adding an acid to the resulting solution, the acid ether sepa- 
rates, together with small quantities of sebicacid and the normal ether, as an oil which 
readily crystallises at 10° in delicate snow-white needles. 

Amyl sebate, like the ethyl-compound, forms, after 

purification, a colourless oil having a very strong but pleasant fruity odour, and a 
density of 0*9510 at 18°. When heated it becomes quite colourless, and when cooieci 
to — 5° partly solidifies in thin needles which increase in quantity on further cooling, 
but the greater portion still remains fluid at — 35°. ^ The needles disappear on raismg 
the temperature to +10°, and immediately on addition of a trace of water, ihis 
ether boils at a temperature above 360°. It is insoluble in water, but dissolves 
readily in alcohol either hot or cold, and in unlimited quantity in ether. It is not 
attacktid by boiling solutiogs of alkaline carbonates or by cold solutions of alkaline 
hydrates, but is decomposed by alcoholic solutions of the latter, even at ordinazy 
temperatures. When a dilute alcoholic solution of sodium hydrate is allowed, to act 
slowly on an excess of normal amyl sebate, a^ considerable quantity of the acid ether 
is formed. The resulting solution, when left to evaporate, deposits 
• sodium sebate, then, on addition of water, the undecomposed portion of the normal 
ether, whilst the sodium salt of the acid ether remains dissolved, and^ may bo obtained 
by evaporation as a white very deliquescent mass, which may be purified b;)r repeated 
treatment with alcohol and water. By carefully decomposing tliis^ salt with acetic 
acid, the acid amyl sebate is obtained as a yellowish oil, which solidifies at 10° to a 
white crystalline mass, easily soluble in alcohol, ether, and hot water; slightly in cold 
water, and splitting up at 325° into sebic acid and tbo normal ether. 

Aniline-derivatives. Equal weights of sebic acid and aniline, heated logothor 
at 150°, produce: (1). SehaniUdc,& neutral compound soluble in boiling alcohol. 
(2). Sebanilic acid, a monobasic acid, soluble in alcohol and ether (E. Maillot, Gompt, 
retid. Ixxxvii. 737). 

SBBBACHXTS, See Phacolitb (p. 1513). 

SBBBBrztnvi. Oecurrenee a 7 id Extraction. — According to Bossier a. Debray 
{Zeitschr. anal Ckem. 1877, 363), selenium^ is present in refined silver, being derived 
from the sulphuric acid (made from pyrites) used in the refining process. If the 
amount exceeds 1 pt. in 1000, the silver becomes unworkable. 

Prom the seleniferous deposit, or mud, of the lead chambers iu sulphuric acid 
woi’ks, the selenium may be advantageously extracted by dissolving it out with potas- 
sium cyanide. The washed mud is digested with a moderately strong solution of 
the cyanide at 80°-100° till the red colour just changes to a pxire grey ; the residue 
is lixiviated with boiling water till the liquid no longer shows a reddish opalescence 
on addition of hydrochloric acid ; the solution is then filtered, and the selenium pre- 
cipitated by hydrochloric acid. By this process, 1 pt. of selenium is obtained for 
every 2 pts. of potassium cyanide employed. The precipitated selenium contains only 
small quantities of copper and iron, and perhaps traces of mercury ; it may be freed 
from these impurities by converting it into selenious oxide, subliming this compound, 
and precipitating the selenium with sulphurous acid (Peterssou, Ser, vi. 1466 ; Nilson, 
ibid. vii. 1719). 

Ofi the oocurrerice of Seleniitm i7i Tellurium ores, see Tellueittm. 

Atomic Weight. — Petersson a. Ekmann, by reducing a known weight of selenions 
oxide, SeO®, with sulphurous acid, and weighing the reduced selenium, have found, as 
a mean of five experiments, that the atomic weight of selenium is 79*08 {Bull Soc. 
Chim. [2], xxvii. 205). 

Allotropic Modifications. — Observations on the allotropic modifications of selenium, 
especially the amorphous vitreous variety, and the granular or so-called metallic 
selenium, produced therefrom by fusion and slow cooling, have been made by Draper 
a. Moss {Ckem, News, xxxiii. 1). Vitreous selenium has^ no definite melting point, 
but becomes softer at 60° and upwards, and perfectly fluid at 250° ,* it is restored to 
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its original state "by rapid coolingj and then remains xmaltered at ordinary temperatures 
for years. Carbon bisnlpliide dissolves only traces of this modification. Thin splinters 
of it transmit light of ruby-red colour. When heated for some time between 94^^ and 
200°, and then slowly cooled, it acquires a metallic aspect and granular fracture, and 
becomes perfectly opaque even in the thinnest layers. It melts at 217°j mthout 
previous softening, is perfectly fiuid at 250°, and is reconverted into the vitreous 
modification by rapid cooling. 

On the Electric Conductivity of the several Modifications of Selenium, see 
Electricity (p. 721). 

Selenium enclosed in the vacciium of a Sprengel mercury-pump, or dipped into 
mercury, condenses the vapour of that metal, and becomes coated with a layer of 
substance which conducts electricity, and though merely superficial, cannot be removed 
either by mechanical or by chemical means, and therefore does not appear to consist 
of metallic mercury (K. J. Moss, Ghem. News, xxxiii. 203). 

Selenium imparts a greyish-blue colour to the flame of hydrogen (Fresenius, 
Zeitsohr. anal. Ghem. 1876, 295). 

When selenium is dissolved in strong sulphuric acid, it is partly oxidised, and on 
boiling the green solution, it immediately becomes colourless, gives off large quantities 
of sulphur dioxide, and no longer yields a precipitate of selenium when mixed with 
water, but deposits red selenium on addition of stannous chloride. A highly concen- 
trated solution of selenium in sulphuric acid, which has a blackish-green colour, does 
not readily give off sulphur dioxide, but this gas is immediately evolved on addition 
of fresh quantities of strong sulphuric acid (A. Hilger, Ber. vii. 26). 

Selenious Oxide, Acid, and Salts. Selenious oxide absorbs dry hydrogen 
chloride rapidly and with considerable rise of temperature. The product first formed 
is an amber-yellow liquid composed of equal numbers of moleciiles of the two con- 
stituents (SeO^HGl). This liquid, when heated, begins to give off hydrogen chloride 
at 26°. Its dissociation-tension in millimeters at various temperatures is as follows : 

Temperature . . 30° 40® 55° 75° 100° 106° 118° 

Tension. . . 15 48' 142 313 664 760 1012 


At low temperatures the liquid continues to absorb hydrogen chloride,^ and 
ultimately becomes converted into a transparent yellow crystalline solid, containing 
2 mols. of hydrogen chloride to 1 of selenious anhydride (SeO-,2HCl). This substance 
is resolved by heat (its dissociation-tension being considerable even at the ordinary 
temperature) into hydrogen chloride and the compound SeO'HCl, which latter is 
permanent below 26°. The following tensions in millimeters were observed : 

Temperature . —20° 0° 12° 15° 22*5° 30° 33° 

Tension . . 60 219 418 483 672 760 993 


Dry hydrogen bromide is rapidly absorbed by selenious anhydride, forming in the 
first place the compound SeO“,2BDBr, which crystallises in brilliant steel-grey spaugles. 
This compound is stable below 55°, but is resolved at higher temperatures into 
selenium, bromine, and water. Its solution in a very small quantity of water is 
nearly black; a large quantity decomposes it, forming hydrobromic and selenious 
acids. The compound SeO-,2IiBr energetically absorbs hydrobromic acid gas, with 
evolution of heat, giving rise to a crystalline compound corresponding with the 
formula 2SeO-,5HBr. This compound is decomposed at 65° with formation of water 
and disengagement of bromine, but at lower temperatures it is transformed into 
Se0^2HBr and hydrobromic acid. The following are the values of the dissociation- 
tension of the compound 2SeO^,5HBr at various temperatures : 


At -25° 
„ - 6 ° 
0 ° 

5) ^ 

» 411 ° 
» 14 ° 


0 mm. 

At 30° 

. 287 mm. 

108 „ 

» 41° . 

. 335 „ 

135 „ 

» 54° . 

. 404 \ Traces of bromine 

191 „ 

„ 62° 

. 404 { vapour. 

209 „ 

» 70° 

. Decomposition with 


abundant evolu- 
tion of bromine. 


Hydriodic acid reacts with selenious oxide even at — 10°, the products being water, 
iodine, and selenium. Selenious oxide also combines with anhydrous hydrocyanic 
and hydrofltioriG acids. Selenious oxide and hydrogen selenUe in presence of water 
decompose each other, with separation of selenium. This result is always the same, 
whether the solutions be concentrated or dilute, hot or cold ; and no compound corre,- 
sponding with pentathionic acid has been obtained. The reaction affords a convenient 
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meaDS of o'btaining selenium soluble in sulphide of carbon (A. Ditte, Compt, rend, 
Ixxxiii. 56, 223). 

Selenious acid in presence of ammonium chloride is completely precipitated, by a 
irmgnedum scdt and ammo7iiay after long standing or on brisk agitation, the precipitate 
of ammonium-magnesium selenite being crystalline, and exhibiting under the micro- 
scope a very close resemblance to that of ammonium-magnesium phosphate. This 
reaction affords the means of separating selenious acid from selenic, sulphurous, 
sulphuric, and telluric acids (Hilger a. v. (leriehten, Zeitschr. anal. Chem. 1874, 132). 

Selenite s . — An elaborate investigation of these salts has been made by L. F. 
Nilson {Researches on the Salts of Sele?iiom acid, Nova acta reg. Soc. Sciont, Upsal. 
Ser. hi. 1875 ; Bull. Sog. Chim, [2], xxi. 258 ; xxiii. 260, 3o3, 494). The following 
is a summary of the results : 


SeOCT . 
SeO^KH-i-SeO^Hs 
SeOW + 5H20 . 
SeOW 

SeO^NaH . 
Se08NaH + Se0»H2 
SeO^Li2 + H-0 . 

SeO^LiH . 
SeO^LtH + SeO^H^ 
Se03(NH*)‘-^+H'-0 


2Se0^(NH')=-t-Se03H2 . 

SeO^Ba-hH^O . 
SeO^Ba + SeO- 


SeO’Sr + 3H20 , 

SeO^Sr + SeO^H^ . 
Se03Ca+2H20 . 

SeO^Ca + SeO^ . 

SeO^Ca + SeO^H^ + H^O 

SeO^Mg-f-GH^O . 

SeO^Mg-f-SeO^H^+SH^O 
Se03Mn-i-2H'^0 . 

Se0»M-i-2H-0 . 

Se03Ni + S03H“+2H“0. 
SeO^Ni + SO^H-'-f-SeO- . 
.SeO^Co+2H^O . 
SeO^Co-i-SeO- 
SeO^Cd 

S0O3Cu-h2H2O . 
SeO-Cu-hSeO»H2 + 2H-0 
5BeO.2SeO‘*'+10H2O . 

Be0.Se0- + 2H“0 
BeO.SeO^ + SeO^H- . 
Be0.Se02+2Se03H2 . 


. Very deliquescent prisms. 

. Very hygroscopic prisms. 

. Shining prisms, permanent in the air. 

. Small needles, or large four-sided prisms. 

. TetragonaTprisms, formed by slow evapora- 
tion at 60°. 

. Eadiate prisms, permanent in the air. 

. Large prisms, permanent in the air. 

. Needles having a silky lustre. 

. Prisms resembling arragonite. 

. Long prisms permanent in the air. 

. Formed by saturating an alcoholic solution 
of SeO^H* with NH''*. Small prisms, 
giving off 18 per cent. NH* on exposure 
to the air. ’ 

. By saturating an aqueous solution of SoO^H''^ 
with NH®. Long deliquescent prisms. 

. Microscopic prisms. 

. Sparingly^ soluble prisms, separating from 
a solution of BaCO^ in SeO^H^, on eva 
poration at 60°. 

. Crystalline powder. 

. Large shining prisms. 

.. Small crystals having a satiny lustre; 
efflorescing in the air. 

* ^^60° forming on evaporation at 

. Shining prisms, obtained by evaporation at 
ordinary temperatures. 

. Hexagonal plates or short prisms, divine: 

off5H-Oat 100 °. 

. Crystalline mass. 

. Amorphous precipitate, gradually becoming 
crystalline. 

. Crystalline powder. 

. Four-sided prisms. 

. Small plates. 

. Amorphous bluish-red precipitate. 

. Small red prisms. 

. Small insoluble prisms. 

. Small bluish prisms. 

. Bluish-green powder. 


The gadolinite and cerite metals form selenites analogous in composition to those 
havt chromium. The following selenites of these metals 

1. From dilute solution of a normal salt and normal sodium selenite : 


f-Selenites: 4Al“0^.9Se0" + SCH^O 
4Cr20» 9Se02 + 64H20 
4Iii-0^9Se0- -j- 2oH20 
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|-Selenite: 20e20».5Se02 ^ ZQWO 

f-Selenites : SBe^O^SSeO^ + 28H20 

3La20s.8Se02 + 28H20 

SDi^O^SSeO^ + 28H‘^0 

Normal Selenites : Y^O^.SSeO^ + 12H20 
Er^O^.SSeO^ + 9mO 

2. From basic salts with a quantity of acid exactly sufficient for the formation of 
a normal salt; 

Al-0*.3Se0"- 4- 7H20 

Fe^03.3Se02 + TH^O 
Cr'03,3Se0- + ISH^O 

3. From basic or neutral salts with a quantity of acid sufficient for the formation 
of a diselenite ; 


Ce^Os.SSeO^ + 12H20 
In^O^.SSeO"- + 62^0 


|-Selenites ; 

Fe20®.3Se02 + H^O.SeO^ + TH^O 
Gr20».3Se02 +,H20.Se0= + 12H20 
Y203.3Se0* + H^O.SeO® + SH^O 


Er^O^SSeO^ + H^O.SeO^ + SH^O 
Ce20».3Se02 + H^O-SeO^ + SH^O 
Di^O^SSeO* + H^O.SeO^ + SH^O 


4. From a basic salt with a quantity of acid sufficient for the formation of a 
diselenite or of a tetraselenite : 


2(AF0®3Se02) + SCH^O.SeO^) + gH^O 

2(In20^3Se02) + SCH^O.SeO^) + 12H*0 

2(I)i2033Se02) + 3(H20.Se02) + ISH^O 

5. From a basic salt with a quantity of acid exactly sufficient for the formation of 
a tetraselenite : 


Cr^O^.SSeO" 4- 2(H20,Se02) + rH^O 

La^O^SSeO® 4- 2(H‘'^O.SeO-) 4- 42^0 

Al=0^3Se02 4- 3(H20.Se02) 4- 2H20 


Ce^0*.3Se02 4- SCH^O.SeO^) 4- 2H20 
LaW.3SeO= 4- 3(H20.Se0^) ' 4- 4H'^0 
In208.3Se02 4- SCH^O.SeO^) + 4H20 


Nilson has also obtained two selenites of bismuth and antimony, which exhibit a 
certain analogy between these tri valent metals and the preceding : 


Bi^O^.SSeO^ 4- H^OBeO* 
Sb203.3Se02 4- Se02 


Among the rare earth-metals, thorium exhibits no analogy to the rest, not 
even with tin or zirconium, but stands alone ^th respect to its selenites, as in many 
other respects ; thus : 

Th02.2Se02 + 8H20 

2(Th02.2Se02)2 + 2(H-0.Se02) 4- ISH^O 
Tli0''.2Se02 + 3(H20.Se0''^) + SH^O 

Selenic Acid, SeO^H". v. Gerichten {Liehi^^s Annaleih clxviii. 214) prepares 
this acid from selenium containing sulphur by oxidising the seleninm with nitric acid, 
adding potash, passing chlorine into the solution till it no longer gives a red precipi- 
tate witli stannous chloride, then precipitating the selenic acid as barium selenate, 
and decomposing this salt with a slight excess of potassium carbonate. Any barium 
sulphate that may have been precipitated with it then remains undecomposed. This 
mode of separation is not exact enough for quantitative analysis, but sufficiently so 
for tlie purpose in hand. Any small quantity of barium selenate that may be dis- 
solved may be recovered by slight concentration of the filtrate. 

Selenic acid may be estimated by boiling it with hydrochloric acid, and determin- 
ing the quantity of evolved chlorine by titration with iodine and sulphurous acid 
(Petersson, Zeitschr. wtidl. CUctti. 1873, 287). 

Selenic Oxide ox Anhydride, SeO^. — Bypassing dry oxygen over dry selenium 
heated in a glass tube, and then passing the resulting selenious oxide, together with 
oxygen, over red-hot platinum sponge, a w'hite deposit was once obtained which 
resembled sulphuric anhydride, and dissolved in water with a hissing noise, yielding a 
solution containing selenic as well as selenious acid ; but a second experiment made 
in the same manner yielded nothing but selenious acid (v. Gerichten, loc. cit.) 

Metallic Selena tbs. On the Optical properties of these Salts, see Lioht 
(p. 1190). 

Amimiilutn selenate, (NH^)”SeOb when heated, first gives off ammonia, and is con- 
verted into the acid selenate, (NH‘‘)HSeOb and the latter, when further heated, is 
resolved into selenium, selenious oxide, water, and nitrogen (Cameron a. Davy, Chem. 
l^ews, xsxvui. 133). 
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Seleniosulphates (v. Grerichten, loc. a^.)— Double salts of the form 
K2Se0^M"S0^+6H'^0 [M==Ni, Co, Fe, Zu, Mp, Cd, Cu, Mg], are prepared by mix- 
ing concentrated solutions of the corresponding sulphates with potassium selonate. 
They crystallise well, and are isomorphoiis with the corresponding double sulphates 
and double selenates. In a similar manner are prepared the corresponding salts 
M'^SeOhK^SO** + 6H‘0. The copper salt crystallises in fine well-formed light blue 
monoclinic combinations, sometimes tabular, but more frequently prismatic, with great 
elongation of the basal pinacoid. All these salts are isomorphoiis with the corre- 
sponding double selenates. 

SeleniosulpJmnc Ahms . — The salt K^SeO*. Al“(SO‘‘)^ -I- 24H-0 is obtained in limpid 
octohedrons by mixing the solutions of potassium selenate and aluminium sulphate, 
and the corresponding chromic, ferric, and manganic alums are obtained in like 
manner. The salt K"SOhAP(SeO^)^ -1- 24H-0 is likewise obtained in transparent 
octohedrons by mixing the solutions of potassium sulphate and aluminium selonate ; 
so also the corresponding chromic and ferric alums. 

SeleniocyaTiates. — Thepotassio^platinic salt, IC-Pt(OSellN')®, is formed on mixing 
the alcoholic solutions of potassium seleniocyanate and platinic chloride, and separates 
from the boiling and filtered liquid in crystals which may be purified from an admixed 
reddish salt by recrystallisation from alcohol. They are hpagonal plates, generally 
small, almost black by reflected, dark garnet-red by transmitted light. Bp. gr. — 3‘377 
at 10° (weighed in benzene). The gold salt, KAn(OSeN)^ was obtained in a similar 
manner in dark red very easily decomposible prisms (J. W. Clarke, Ber. xi. 1325). 

SBXiElKrXUlVI-BZSMtrTH-GXiAKrCX:, or Frenselite. This mineral, from 
Guanajuato in Mexico, crystallises in the orthorhombic system, is isomorphous with 
antimony-glance, and exhibits the faces oofoo, co!fco, coP, together with several 
unmeasurable faces, oo Pn. Bp. gr. 6*25 at 21°. An analysis by Frenzel (Jahrh. f. 
Mm. 1874, 679) gave 67'38 per cent. Bi, 24T3 Be, and 6-60 B, agreeing approximately 
with the formula 2Bi2Se^-l-Bi-,S^ which requires 68-o6 Bi, 26-07 Be, and 5‘28 S. 

SBliETTluivt-coMPOirM-BS, ORGAKTIC. Ethyl seUmdc or ScUncthyl, 
(0‘H®)^Se, is produced by the action of phosphorus pentaselenide on potassium ethyl- 
sulphate. For this purpose, equivalent quantities of these two compounds and potas- 
sium hydroxide are digested with a small quantity of water at 50°, and the product is 
subjected to fractional distillation. The distillate consists for the most part of ethyl 
monoselenide, contaminated, however, with traces of diselenide, which are removed by 
digesting the distillate with more potassium ethylsulphate, potash, and water, with 
addition of a little phosphorus, and distilling afresh. 

Pure ethyl monoselenide, thus obtained, is a clear, colourless, mobile, highly 
refractive liquid, smelling like the light hydrocarbons and boiling at 108°. It mixes 
with alcohol and ether in all proportions. 

Triethyl-selenonmm Iodide, Be(C^H®)^I. — Ethyl monoselenide and ethyl iodide, 
when mixed in molecular proportions, combine slowly at ordinary temperatures to 
form white crystals of this compound. It is stable in the air, not hygroscopic, but 
very easily soluble in water and alcohol, and sparingly in other. It sublinu'S com- 
pletely between 80° and 126° without melting, and is at the same time resolved into 
ethyl monoselenide and ethyl iodide, which collect in the receiver and recombine in the 
course of twelve hours to form tri ethyl- selenonium iodide. 

Tnethyl-selenonium Hydroxide, Se(C‘H‘*)^OH, is formed by the action of silver 
oxide on triethyl-selenonium iodide. It is a powerful base, forming a syrupy solution 
which absorbs carbon dioxide and water with avidity. Its salts are all crystalline : 
they have the odour of leeks and a burning bitter taste. With the exception of the 
tartrate, they all deliquesce rapidly in the air, and hence cannot well be analysed. 

The Se(C2H^)3C‘‘H®0‘''-}-2H‘0, crystallises in delicate needles of a pale 

rose-red colour ; it dissolves very easily in water, forming an acid solution. 

The platinochloride, [Se(C^H®)®Cl]-PtCl'*, crystallises in highly refractive red 
rhombohedrons. 

These results point to the conclusion that seleninm* is an element of variable 
atomicity, being bivalent in the compound (C2H®)2Se, and quadrivalent in, the com- 
pounds (C2B;®)''^SeC-HM and (C2H:®)2SeC2Hs(OH) (L. v. Pieverling, Liehids Annakn, 
clxxxv. 331), 

On Methyl Selenide or Selenmethyl and its Compounds, see Jackson 
(p. 1304). 

On Benzyl Belenides, Benzyl Seleniocyanate, Benzylselenious acid, 
and Benzylselenonium Compounds, see Jackson (pp. 316, 321). 

On Seleniohenz amide, C®H’’,CSe.NH“, see v. Dechend (p, 157). 
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SXSXMCXPB£XrOXi«CXM'CBOXffXBlX!rB, 2C2oH'^l?*O.C®H®0. See CINCHONA.- 
BASES (p. 487). 

SBBBGXN'. Saponin from Senega-root (p. 1780). 

S£PXO£IXB. See Meeeschaxjm (p. 1269), 

SEBAIO'XXHC. An explosive mixture formed of potassium chlorate and nitro- 
glycerin (Nobel, Monit. scient [3], vi. 248). 

SBBXCXTB-BOCKS. See Jahrb, / Min, 1878, 264, 296, 388 ; Chem, Soc, J. 
xxxvi. 23, 25, 207. 

SXSBPBBTXKTZ:. The following are recent analyses of this mineral : 1. Noble 
serpentine from Snarnm (J. E. Mhller, Min. Mitth. 1877, 25). 2 and 3. Light and 
dark-coloured pebbles of transparent serpentine from the shores of the islands Iona 
and Tiree, Scotland (Stanford, Cheyn. Soc. J, xxvi, 19). 4-6. From the bed of 

magnetic iron ore in the Tilley-Foster mine, Putnam County, New York. 4, White, 
cauliform to fibrous ; sometimes in small granules imbedded in the ore or filling small 
clefts. 5. Green in thin layers, of lighter or darker colour, sometimes cauliform in 
small clefts (Breidenbaugh, Sill. Am. J, [3], vi. 209). 6. Grey-green in radio-fibrous 

granules. Sp. gr. 2'4. 7. Light-green translucent serpentine from New Jersey, 
incrusted with a yellowish mass traversed hy bands of chrysotil. Sp. gr* 2'61 
(Berwerth, Min. Mitth. 1875, 110): 



SiO* 

A1®0* 

PeO 

MnO 

HgO 

CaO 

K“0 

lTa“0 

H"0 


99*28 

1. 

40*82 

2*19 

6*01 



36*78 

— 

— 

— 

13*48 

= 

2. 

37*20 



5-39 

4*19 

36*73 

5*03 

— 

— 

11*42 


99*96 

3. 

43*20 



6*00 

0*94 

33*60 

5*10 

— 

— 

9*60 

= 

98*44 

4. 

42*28 

0*86 

2-57- 


40*29 

1*35 

trace 

0*48 

12*52 


100*35 

5, 

41*43 


2*10 


40*18 

0*95 


— 

13*81 


98*47 

6. 

39*38 

1*56 

13*87 

trace 

32*25 


0*1 

7 

11*90 


99*13 

7. 

44*25 

0*55 

0*79 


41*40 

— 

— 

— 

13*76 

a: 

100*75 


The serpentines of Upper Alsace have been examined by B. Weigana {Min. Mitth. 
1875, 183). They may be divided into a northern group (Bluttenberg or Bressoir) 
and a southern group (Amarinerthal). The northern group includes three kinds of 
serpentine, all imbedded in gneiss, but showing by the difference of their chemical 
and microscopical characters that they have originated from different rocks, the 
serpentine of Bonhomme (No. 1) being derived from olivine-rock, that of Starkenbach 
from a bronzite rock poor in olivine, that from the Eauenthal (No. 2) from a horn- 
blende rock. In the south, the serpentine (No. 3) is associated with gabbro, consisting 
—together with felspar, quartz, and diallage— of a fine-fibred hornblende impregnated 
with quartz, which is sometimes almost wholly predominant, and has probably formed 
the material for the conversion of the rock into serpentine. 

1. Bonhomme; and 5. Blackish-green serpentine; c. Noble serpentine from the 

clefts. - , , . 

2. Eauenthal ; a. Solution obtained by the action of dilute hydrochlonc acid con- 
tinued for several days on the pulverised serpentine ; o. Total analysis ; d. Hornbienae- 
rock, probably the matrix of the serpentine, into which it gradually passes. 

3. Amarinerthal. 



SiO“ 

MgO 

CaO 

PeO 

Fe*0» 

A1»0’ 

pra=0 

£“0 

H“0 

101*36 

1 a. 

41*13 

41*88 

trace 

277 

3-86 

0*84 

trace 

trace 

10*88 == 

h. 

41*1 

42*8 


6*37 

0*06 



— 

undet. 

102*73 

0. 

39*96 

37*41 

0*26 

6*66 

0*63 

0*72 

0*24 

16*85 = 

2 a. 

37706 

36*602 

1*677 

10*428 

0*201 

— 

— 

13*386 = 

100 

b. 

31*098 

26*714 

5*470 

8-847 

12*701 

— 

— 

15*170 = 

100 

c. 

36*944 

36*022 

1*393 

3*956 

6*868 

1*353 

— 

— 

13*0S9 = 

99*625 

d. 

46*407 

26*252 

10*642 

2*107 

4-649 

6*727 

— 

— 

3*584 = 

100*368 

3. 

39*171 

37-033 


4*000 

4*056 

1*797 

— 

— 

13*722 = 

: 99779 


In la also traces of MnO, NiO, and Cr“0'‘ ; in 2a and 26, traces of NiO. 


An elaborate memoir on the serpentines of Zoblitz, Greifendorf, and Wal^eim in 
Saxony, containing numerous analyses, has been published by J. Lemberg {Zeitschr. 
geol. Ges. xxvii. 631 ; Jahresh. f. Chem. 1875, 1262), The chemical examination 
shows that the matrix of the Zoblitz and Greifendorf serpentines consisted ot olmne, 
garnet, and hornblende, the olivine having been converted into serpentine, the garnet 
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for the most part into cHorite, whilst the hornblende has opposed the greatest resist- 
ance to alteration. Veins containing felspar are in many places separated from the 
serpentine by contact-zones, mostly formed of hornblende. These veins, in the 
neighbourhood of the serpentine, and sometimes throughout their entire thickness, 
are converted into masses resembling serpentine and steatite. No undecomposed 
olivine has yet been found in the serpentine of Waldheim. 

On the Serpentines and other rocks in wliich the Pyropes of Meronitz in Bohemia 
are imbedded, see Doelter {Mm, MittJi. 1873, 13 ; Jahresh.f. Chem. 1873, 1217). 

On Pseudomorphs of Serpentine from the Magnetic Iron deposit of the Tilley- 
Foster Mine, see J. B. Dana {Sill, Am, J. [3], viii. 371, 447; Jahrb. f. Mm. 1875, 
310; Jahresh.f. Chem. 1874, 1285-1287). 

On Serpentine and Fassaite in forms of Monticellite, see G-. vom Eath (Jahrh. f. 
Mm. 1875, 413; Jahresh.f. Chem. 1874, 1289). 

On the Serpentine rock of the Lizard, Cornwall, see King a. Eowney (PM. Ma^. 
[5], i. 280). On the Serpentine and Olivine rock of north Norway : K. Pettersen 
{Jahrh. f. Min. 1876, 613). On Serpentine from the Granulite district of Saxony : 
E. Dathe {ibid. 235, 337). 

On the Serpentine of Verrayes (Aosta), see Cossa {Bull. Soc. Ghim. [2],xxxi. 130; 
Chem. Soc. J. xxxvi. 362). 

SERtXM A.lM'BUmXN, CASEIN*, and GXiOS'U’XiXN. SeePuoTElDS (pp. 1683, 
1684). 

SESAME OXXi. On the detection of this oil, see Oils (p. 1428). 

SES<iUXPKENOIiClNCHONlBINE, 30*‘^H*®N“0.2C®H®0. See CiNCHONA- 

BASES (p. 486). 

SHEA-BtrXTER, or CrHEA-BUTTER. The fat of Bassia Far/cii. See v. 
238, and further, 0. Deite {JDingl. giol. J. cexxxi. 168 ; Chem. Soc. J. xxxvi. 568). 

SIEG-BURCXTE (A. V. Lasaulx, Jahrh. f. Min. 1875, 128). A fossil-resin 
occurring in considerable quantity in the lignite-sand and sandstone overlying tlie 
beds of lignite in the neighbourhood of Troesdorf and Siegburg, on the northern border 
of the Siebengebirge. The sand, which consists of fine, white, often limpid quartz- 
granules, contains small quantities of silver-white mica, and blackish or brownish 
grains of coaly substance, together with greyish-white, kidney-shaped, or nodular 
concretions, the particles of v^hieh are cemented together by an easily infiaminable 
resin. On breaking the lumps, which are moderately hard and compact, the resin 
appears in small golden-yellow to brown-red and hyacinth-red granules, for the most 
part somewhat uniformly distributed between the sand-grains. The proportion between 
■ resin and sand varies considerably; in some of the concretions, the resinous cement is 
so finely distributed as to be scarcely visible, even under a magnifier, although suffici- 
ently abundant to take fire when the lump is hold in a flame ; in others it is very 
abundant, sometimes amounting to more than 60 per cent., and appears in the interior 
of the lump, in easily separable pieces, larger than peas, and having a conchoidal 
fracture. Its hardness is 2 to 2’5, therefore the same as that of amber, and it cannot 
be scratched with the nail. After it has burnt away, the lumps fall to pieces. 

The resin melts easily, and biirns with a yellow, very smoky flame, emitting a 
pleasant aromatic odour, totally different from the stinking bituminous odour given 
off by retinite. It is burned for incense in tho churches of the district. When dis- 
tilled it gives off a light, greenish-yellow oil, smelling somewhat like petroleum ; this 
distillate does not deposit succinic acid. The resin is but partly soluble in ether, to 
which it imparts a faint yellow colour; the ether, when evaporated, leaves a yellow 
oil, but no crystalline deposit. The re.sin is likewise only partly soluble in alcohol, 
and almost insoluble in oil of turpentine. 

An analysis of a single specimen gave 85’139 per cent, carbon, 7‘904 hydrogen, 
and 6*957 oxygen ; a mixture of the resins from several lumps gave 81*37 per cent. C., 
5‘26 H,, and 13-37 0. The former analysis may bo represented by the formula 
; the latter by C®H“0. These results show that the composition of the resin 
is variable, and that the difference of composition in different specimens is due to 
more or less advanced oxidation. 

Only four other fossil resins are known, containing a proportion of carbon approach- 
ing to that of Siegburgite, viz. : {a). Bosthornite, from the coal beds of the Sonnberg 
in Carinthia {Chem. Soc. J. [2], ix. 1174). {h). Girona, or Bucaramanga resin, 

{c). Copaline, or Highgate resin, from the blue clay of Highgate-hill. {d). Krantzite, 
from the lignite of Lattorf, near Nieuburg ; 


a> 

h 

c 

d 

0 « 84*42 

82*7 

85*73 

79-25 

H - 11*01 

10*8 

11*50 

10*41 

0 = 4*59 

6*5 

2*77 

10*34 
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All these resins are distinguished from Siegburgite by their physical properties as 
well as by their composition. Bosthomite is soft, and may be scratched with the 
nail ; it differs also froin Siegburgite in its relations to solvents. Girona resin is more 
like Siegburgite, but contains less oxygen. Highgate resin contains about the same 
amount of carbon, but a larger proportion ot hydrogen, and much less oxygen ; it 
differs also from Siegburgite in emitting an aromatic odonr when broken, whereas 
Siegburgite does not emit such an odour, eTen when rubbed. Krantzite is a soft, 
flexible resin, differing from Siegburgite both in composition and in physical pro- 
perties. 

A variety of retinite is found in the lignite beds of Eriesdorf, and another in those 
of Boisdorf, in the same locality. 

SIKBRiLM'ZNrXi. An alkaloid occurring, according to Bnchheim (A^. Bep. JPliarm. 
XXV. 344), in the mother-liquors of the extract of henbane seeds, from wMch hyos 
cyamine has been separated. 

SZIiICA, SiO^. On the occurrence and formation of crystallised silica, see 
QuAnTZ (p. IW). 

Hydrate. — Transparent hydrated silica, having the properties of hydrophane, 
may he obtained by pouring a layer of dilute oxalic acid on a solution of an alkaline 
silicate in a vessel inclined at an angle of 45°, and leaving the liquid at rest for several 
months. A layer of transparent silica then forms at the surface of contact of the two 
liquids, and below this are formed layers of gelatinous silica which gradually fill the 
vessel. 

The hydrated transparent silica thus produced scratches glass, contains much 
hygrometrie water, which it loses at a low temperature (30°~35°), becoming at the 
same time milky like opal, and of the same hardness ; in this state it also retains 
9-13 per cent, of water. Its density varies from 2*03-2*07, and it is singly refractive. 
Portions which have become opaque by exposure to air or by heating, become trans- 
lucent when treated with water, thus resembling hydrophane. After exposure to a 
red heat, this hydrated silica has a mother-of-pearl lustre, is very brittle, exhibits 
cleavage in its longitudinal direction, and dissolves in a boiling concentrated solution 
of potash. The gelatinous silica formed at the same time becomes, in the course of a 
few months, transparent and very hard, and exhibits the properties of hydrophane 
(E. Monier, Compt. rmd. Ixxxvi. 1318). 

Ullik {Ber. xi. 2124) finds that the gelatinous silica which separates after some 
time on pouring a somewhat dilute solution of sodium silicate (water-glass) into 
hydrochloric acid, may be completely washed by repeated treatment with water, 
without the slightest loss of coherence. In this manner, perfectly pure silica is 
obtained as a translucent gelatinous mass of quite unaltered shape, which dries up in 
the air to a transparent substance resembling hyalite, and splitting up into larger or 
smaller pieces ; it has the density of opal, and approximately the composition SiO^H’*, 
The lumps, when quickly heated to redness, crumble to a shining sand, but by raising 
the temperature gradually, larger unbroken pieces may be obtained, perfectly vitreous 
and transparent, and still to a certain extent hygroscopic. The specific gravity, 
determined immediately after ignition, is 2*323, which is that of tridymite. The 
gelatinous silica, obtained as above, possesses in a high degree the properties of a 
membrane, and being a substance of known composition, should be well adapted for 
the study of the law^s relating to dialysis. 

When a solution of a silicate is mixed with an alkaline solution of alumina, a 
precipitate is formed, consisting of silica or alumina, accordingly as one or the other 
of these substances is in excess. The dialysis of such a solution has been studied by 
H. Le Chatelier {Cornet, rend. Ixxviii. 1046). The solution employed contained 
0-20 gram SiO^, 0*30 APO^, and 3'SO Ka-O. On dialysis there remained on the 
membrane a white pulverulent precipitate containing 0’120 g. SiO^and 0*115 alumina ; 
the whole of the alkali had passed through th^ membrane, and contained in solution 
0 lOo APO® and 0*010 SiO-. H. Sainte Claire Deville remarks {ihid. 1048) that such a 
decomposition by dialysis may afford an explanation of certain natural phenomena, in 
which clay or even chalk may be supposed to play the part of the membrane, and thus 
the presence of flints in chalk may be accounted for. 

Action on Carbonates. — When silica is heated with sodium carbonate in a 
platinum crucible, the quantity of carbon dioxide evolved tends to a fixed limit, which 
cannot he exceeded at any particular temperature, hut rises steadily with increase of 
temperature. If y denote the loss of varbon dioxide and a: the time, the relation may 
be expressed by the equation : 



1792 


SILICATES. 


An acid silicate is tot formed, and then resolved into a normal silicate and free silica, 
which again acts on the silicate, and so on till an equilibrium has been established 
between these opposite actions. The evolution of carbon dioxide is accelerated by 
passing a stream of dry air into the crucible ; but the decomposition is then never 
complete. Titanic acid acts on carbonates in a similar manner, and so, according to 
Hiortdahl, does zirconia (v. 1084). 

SXXiXCiiTBS. Behaviour at high temperatures. — Silicates which do not contain 
any volatile constituents suffer no chemical change when fused, and some of them even 
reassume their crystalline form on solidification, but the greater number form a glass 
which has a lower specific gravity than the original mineral, and is easily decomposed 
by acids. There is, however, a very important class of silicates, including topaz, 
mica, tourmaline, &c., which undergo chemical change on fusion, owing to the 
volatilisation of some of their constituents, as hydrogen and fluorine. 

Experiments made with various kinds of topaz and mica show that only the former 
lose the whole of their fluorine at the temperature of a porcelain-furnace, and that 
too only under favourable circumstances. One part of the fluorine is evolved as 
hydrofluoric acid, and the rest as the silicofinoride contained in the original mineral, 
whilst the metals K, Li, Mg, Fe, Al, and Si, existing as fluorides, remain behind as 
oxides. This shows that the fluorine in these silicates is combined in a manner 
similar to the oxygen. In the topazes, not only the silicon of the aluminium silico- 
fluoride, but also a portion of the silieon from the oxysilicates, is converted by the 
hydrofluoric acid into silicon fluoride, and evolved as such (Eammelsberg, Ann, JPhys. 
Chem, [2], vii. 146). 

Analysis. — To estimate the silica in silicates, Maskelyne a. Flight vi. 
1414) heat the mineral with hydrofluoric acid in a platinum retort through which a 
stream of hydrogen is passed, and receive the gaseous silicon fluoride tliereby evolved 
in aqueous ammonia of sp. gr. 0*88. The retort is first heated in a water-bath for 
two hours, whereby the mineral is decomposed, but only a trace of silicon fluoride is 
evolved, afterwards in a paraffin-bath at 132®, whereupon the silicon fluoride passes 
over, the operation being completed in five to ten minutes. The process is then 
repeated with fresh hydrofluoric acid and ammonia-solution to ensure that the decom- 
position is complete. The amraoniacal solutions are then evaporated in a platinum 
dish, whereby the silica is dissolved ; the cooled solution of ammonium silicofluoride 
is precipitated with potassium chloride and absolute alcohol; and the silicon is estimated 
as potassium silicofluoride. One advantage of this method is that the potassium 
silicofluoride weighs four times as much as the corresponding silica, an important 
consideration in the case of minerals poor in silica. For the success of the operation, 
the digestion for two hours in the water-bath is indispensable. Addition of sulphuric 
acid is to be avoided, as it serves only to retard the distillation of the silicon fluoride. 

The decomposition of silicates by hydrofluoric acid is recommended by A. Leeds 
(^Zeitschr. anal. Chem. 1877, 323), when it is desired to estimate the iron as feiTous 
oxide. The reaction must be conducted in an apparatus in which the solution is pro- 
tected from contact with the air. 

For the decomposition of silicates and estimation of the alkalis therein contained, 
A. Terreil {Compt. rend. Ixxxi. 1268) recommends the use of barium hydrate, as it 
melts easily and at a comparatively low temperature, and nevertheless efiects a com- 
plete decomposition of the silicate. The finely pulverised substance is fused %vith 7 or 
8 times its weight of fused barium hydrate at the lowest possible temperature (below 
dull redness) in a silver or platinum crucible, which under these circumstances is not 
sensibly attacked, especially if the air be excluded ; the mass after cooling is boiled 
several times with water ; the excess of baryta and lime, if present, is removed by 
carbonic acid ; and the alkalis are determined in the filtrate by known methods. 

Or. Bong (Bull Soc, Ckim. [2], xxix, 50) effects the decomposition by fusing the 
finely poTinded mineral in a platinum crucible with about three times its weight of 
pure red lead ; the fused mass is then digested with nitric acid ; the solution evaporated 
to dryness ; the residue treated with water ; the solution filtered from the insoluble 
silica 'is freed from lead by hydrogen sulphide ; and the analysis is completed in the 
ordinary way. This method also has the advantage of effecting the decomposition at 
a much lower temperature and in a shorter time than that of fusion with sodium 
carbonate, and, moreover, greatly facilitates the estimation of the alkalis. 

For the estimation of water in silicates, the following method is described by L. 

(Wieoi. Akad. Ber. [2 Abth.], Ixxvi. 51). The silicate mixed with four times 
its weight of a mixture of potassium and sodium carbonate is placed in a platintim- 
boat provided with an overlapping cover, which is thrust into the middle of a 
platinum tube 40 cm. long and 17 mm. internal diameter. This tube is dried by 
heating it to 130° and passing a stream of dry air through it for about an hour after 
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whicli it is laid in a combustion-furnace, and the mixture is thoroughly ignited, -while 
a stream of dry air is continuously passed through the tube. The water which passes 
over is condensed in an absorption-tube containing fragments of glass moistened with 
strong sulphuric acid. 

SZS^ZCOZO', or szXfZCZtnMC. On the Specific Heat of Silicon, see Heat (pp. 926 
927). 

On the Estimation of Silicon in Pig-iron, see p. 1108. 

Organic Comjpounds of Bilicon: 

Btbyllc Ortliosilicoacetate, Si(OH^)(OC^H^)^, homologous with ethylic 
orthosilicopropionate (vii. 1082), is formed, together with zincmethylethoxyl, 
Zn(CH2)(OC^H^),by the action of zinc-methyl on ethyl silicate, and may be separated 
from the product by fractional distillation, as a liquid boiling between 145° and 151°, 
It resembles the corresponding propionic ether, has a density of 0'9283 at 0°, is soluble 
in alcohol, insoluble in water, but slowly decomposed thereby. Hydriodic acid con- 
verts it into silico-acetic acid, OH®.SiOOH, which is an amorphous powder 
insoluble in water and in ether, and burns when strongly heated, producing silica, 
carbon dioxide, and water (Ladenburg, JBer. vi. 1029). 

XMCetbyllc OrtUoslliftopropionate, Si(C2H*)(0CH®)®, is obtained by gradually 
adding sodium (12 grams) to a warmed mixture of methyl silicate (40 g.), and zinc- 
ethyl (12 g.), then distilling and fractionating the product: 

2Si(OCH3)^ -t- + Na2 = 2Si(C3Hs)(OCH3)s + Zn + 2NaOCm 

This is a liquid closely resembling the corresponding ethylic ether in odour and 
appearance, but less stable. Sp. gr. 0-9747 at 0°. Boiling point 12o°-130°. It is 
insoluble in water, but decomposes in contact there-with, especially on addition of 
ammonia, yielding silicopropionic acid ; readily acted upon also by aqueous hydriodic 
acid (Ladenburg, Ber. v. 1081). 

Silicic PhenyltricWoride, or Sillco-benzenyl Trichloride, SiC*^HsCP, is 
formed, together with mercuric phenylchloride, by heating mercuryndiphenyl with 
silicon tetrachloride in sealed tubes at 300°. When separated irom the product hy 
repeated fractionation, it is a colourless fuming liquid, having a faint odour like that 
of silicic chloride, and boiling at 1 97°. It sinks in water and decomposes slowly ; 
quickly, on the other hand, when heated, or on addition of ammonia, yielding silico- 
benzoic acid, SiC®H®(OH)*. It is likewise decomposed by absolute alcohol, with 
formation of ethyl sili cobenzoate, SiC'^H*(002H®)^ which is a colourless liquid 
having an ethereal and at the same time pungent odour (probably due to impurity), 
boiling at 237°, and having a sp. gr. of 1*0133 at 0°, 1*0055 at 10°. By contact with 
the air, or more quickly by the action of water, it is converted into a polyorthobenzoic 
ether. With hydriodic acid it yields, together with ethyl iodide, a hard mass mostly 
coloured by free iodine, which, after purification by addition of ammonia, repeated 
evaporation with water, and washing of the residue with water, consists of silico- 
henzoic acid, the identity of which with that prepared from the chloride has, however, 
not yet been established. Both these acids dissolve in ether, in aqueous and alcoholic 
potash, and sparingly in alcohol, but are nearly insoluble in water, and both are con- 
verted into silicobenzoic anhydride, (SiC^H^Oy'O, by precipitating their solution 
in absolute alcoholic potash with carbon dioxide, filtering, evaporating the filtrate, 
and drying the residue at 100°. This anhydride dissolves with moderate facility in 
ether, and remains on evaporation in transparent brittle spherical masses resembling 
Prince Eupert’s drops. It is slightly soluble in alcohol ; water takes up only traces 
of it. It dissolves readily in warm aqueous potash, and is not precipitated from the 
solution by dilute hydroeblorie acid, but on adding ammonia in excess, nearly the 
whole is precipitated as silicobenzoic acid. When the potash-solution is evaporated 
to dryness and the residue further heated, water distils over together with benzene. 
Silicobenzoic anhydride, when heated in contact with the air, is converted into a 
somewhat fluid, scarcely coloured mass, and this when further heated gives off com- 
bustible vapours, and leaves a black tumefied mass which does not burn away com- 
pletely even at a white heat. Silicobenzoic acid is intermediate in its chemical 
relations between silicic and benzoic acids (Ladenburg, Ber. vi. S79). 

Silicic PUenyltrietliideiSiC^H^^O^^H*)®, is produced, together -with zinc chloride, 
hy heating about equal quantities of silicic phenyltrichloride and zinc-ethyl in sealed 
tubes at 150° for some hours, then, after opening the_ tubes, continuing the heating 
for an equal time at 180°, and, after a further evolution of gas, at 165° till no more 
gases are given off on further heating. The contents of the tubes are then to be 

Voi. vin. 5 z 
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cautiously dropped into water, the zinc oxide thereby separated dissolved in^ hydro- 
chloric add, and the oily layer, after addition of ether, evaporated, washed, dried, and 
fractionated. . 

Silicic phenyltriethide is a colourless liquid boiling at 230°, and giving on a vapour 
which has an odour like that of oil of cloves but fainter. Sp. gr. = 0*9042 at 0°. It 
is insoluble in water, but soluble in ether burns with a bright but very smoky flame. 
When treated with very strong nitric acid, it turns black and gives off the odour of 
nitrobenzene. Dilute nitric acid does not act upon it at ordinary temperatures, but 
decomposes it when heated, likewise with separation of the phenyl-group. Silicic 
phenyltriethide, heated with strong sulphuric acid, is decomposed, apparently with 
formation of triethylsilicol (vii, 1083): 

SiC«HXC®)« + SO^H"- - Si(C2H5)30H + C°H5(SO»H). 

Silicic phenyltriethide, heated with bromine in a reflux apparatus, is converted, 
with evolution of hydrogen bromide, into a bromo-derivative boiling at 270°-280°. 
On slowly passing chlorine into silicic phenyltriethide, the liquid being cooled from 
time to time, again treating the portion which boils below 250° with ctjlorine, wash- 
ing the product with a small quantity of water, and fractionating it after drying with 
calcium chloride, a small quantity of a thick liquid is obtained, having the com- 
position SiC^^HifCl. It has an aromatic odour, a density of 1-0185 at 0°, boils at 
260°- 265°, burns with a smoky, green-edged flame, is insoluble in water, and is not 
decomposed thereby ; does not yield acetic ether when boiled with alcohol and potas- 
sium acetate. 

The action of zine-ethyl on silicic phenyltrichloride yields, in addition to silicic 
phenyltriethide, two other bodies, one of which appears to be silicic ethide, Si(0‘-^E’''’)‘‘, 
boiling at 147°-152° (vii. 1084), the other silicic diphenyldiethide, Si(C‘^H*)^(C^II^)*, 
boiling at about 310° (Ladenburg, Liebig's Annalen, clxxiii. 151 ; .Ser.'’vii. 387). 

SiUcopropyl- compounds (Cahours, Oom^t rend, Ixxvi. 1383). Silicopropyl 
ether, Si(C^H^O)'‘, is formed on adding anhydrous propyl alcohol by small portions to 
silicic chloride, and is obtained by rectifying the product, as a colourless liqxiid of 
sp. gr. 0*915 at 18®, and boiling at 225°-227°. It is readily decomposed by boiling 
water, with separation of silica. 

Silico^rojpyl monochlonde, Si(C®H^O)^Cl, is formed by heating silicon chloride with 
silicopropyl ether in closed vessels at 160° : 

SiOP + 3Si(0*H^O)^ = 4Si(C3H’0)301. 

It has a sp. gr. of 0*980, and boils at208°-210°. Silicopropyl dichloriie, Si(C'‘H^O)^CP, 
is formed by the action of silicon chloride on the monochloride at 160°~165°, or on 
silicopropyl ether in the requisite proportion : 

(1) . SiCD -H 2Si(C3H^0)301 -= 8Si(C»H^O)2CP 

(2) . SiCD -f Si(C»H*0)^ « 2Si(03H^O)2CP 

The dichloride is a colourless liquid of sp. gr. 1*028, and boiling between 185° and 
188°. 

Silicic TolyltricWoride, SiC^H’'GP, is prepared by heating mercury-tolylide 
(m. p. 238°) with silicon chloride at 300°-320°, and fractionally distilling the product. 
It is a strongly refracting, fuming, viscid liquid, smelling like silicon chloride, heavier 
than water, and decomposed thereby. On dropping it into ammonia, a body separates 
which is insoluble in water, may be conveniently dissolved out by ether, and remains 
on evaporation of the ether as an oil which gradually changes to a viscid mass, and 
finally to a white, translucent, hard, amorphous body, this change taking place more 
quickly at the heat of the water-bath. This body, after drying at 100°, gave numbers 
intermediate between those required by the formula of silicotoluic acid, 
C^HhSiOOH, and those required by its anhydride, (Si0^H’'0)-0. Silicotoluic acid 
melts at about 150°, and is completely converted into the anhydride at 200° (Laden- 
burg, Liebig's Annalen, clxxiii. 166; B&r. vii. 389). 

SXXiXCO-TXrirGSTATXiS OP cmsixsm AWB RVBXBXVIVC, See 

RtTBiniuM (p. 1767). 

SXXiK. An analysis of silk-cocoons, by A. Eenouard, gave the following results : 

In the entire In the itmez' In the outer 
cocoon layer layer 

G-ummy substance . , . 29*30 31*47 27*72 

Sericin or Fibroin . . . 70*70 68*33 73*28 

The gummy substance was obtained by boiling the cocoon with a strong solution 
of soap, then washing with boiling acetic acid ; the insoluble residue was calculated 
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as fibroin. Mulder’s analysis of silk is regarded by Eenoiiard as incorrect ; be stated 
that silk contained 19-21 per cent, glutinous substance, and 24-25 per cent, albumin 
{Biedermann^s Ge^itralblatt. fur Agrioulturchemie, 1879, 72). 

Air-dried silk contains 9‘91 per cent, water (Benar^ DmgLpol. J. ccxxvi. 216). 

According to E. Pfeiffer {Arch. BJiarni, [3], i. 424), the yellow colouring matter of 
raw silk consists of chlorophyll more or less altered and deprived of its blue con- 
stituent ; and froin the greenish cocoon, or from greenish raw silk, unaltered chloro- 
phyll may be extracted, separable by eth^r containing hydrochloric acid into its blue 
and yellow constituents. 

In the manufacture of raw silk, the cocoons are immersed in water, with the object 
of softening but not of dissolving the natural gum by which the threads are held 
together. Now raw silk owes its colour, strength, and beautiful appearance to the 
presence of its soluble constituents ; and when soft water is used in winding it, the silk 
is inferior in strength, colour, and general appearance to that obtained when hard 
water is employed, because the soluble constituents of the silk are more rapidly dis- 
solved by the soft than by the hard water. Soft water may be improved for spinning 
purposes by the addition of gypsum, magnesium sulphate, or sodium carbonate (Grabba 
a. Fextor, Ber. xii. 17). 

Eaw silk boiled with baryta- water yields the same products as fibroin (Schiitzen- 
berger a. Bourgeois, p. 785). Champion, by treating silk with concentrated baryta- 
water, obtained an acid, called seridG add^ to which he assigns the formula 
(vii. 1080). 

According to J. Lowe {Bingl. 'pol. J. ccxxii. 274), silk dissolves in an alkaline 
glycerin-copper solution, and is precipitated therefrom by hydrochloric acid in the 
form of a white jelly. The copper-solution is prepared by dissolving 16 grams of 
pure crystallised cupric sulphate in 140-160 g. water, then adding 8-10 g. pure 
glycerin of sp. gr. 1-24, and dropping in soda-ley till the copper precipitate is re- 
dissolved. 

The presence of cotto7i in silk-tissues may be detected by means of chromic acid, 
which unites with the silk-fibre, and dyes it, whilst the cotton-fibre remains uncoloured 
(Jacquemin, Com^pt. rend, Ixxix. 523). 

On the Bleaching and Eyeing of Silk, see Bingl. pol. J. ccxxiv. 99; Jahresb.f. 
Cheon. 1877, 1225. 

SIXiVBR. Two specimens of native silver from Allemont in Dauphin^, analysed 
by A. H. Church {Jahrb.f. Min. 1874, 716), were found to contain : 

Ag Hg Sb Sp. gr. 

A. 71-69 26-15 12*16 = 110 11*10 

B. 73*39 18*34 8*27 = 100 10-05 

There is probably some error in analysis A. Nies (Jahresb. f. CJiem. 1874, 1230) suggests that the 
percentage of antimony is probably 2*16. 

Elaborate investigations on ancient specimens of native silver have been published 
by E. V. Bibra ( Xleber alte Eisen- und Bilberfunde. Archdologisoh-ohemisohe Bhisze, 
Niirnberg und Leipzig, 1873). 

M. M. P. Muir ( Chem. News, xxxv. 6) found in one specimen of arborescent silver 
from the Thames G-old- field in New Zealand, 97*05 per cent, silver, 0*98 mercury, and 
1*98 .silica and matrix ( = 99*26), together with 0*00005 copper and 0*00109 iron. 

An analysis by F. Field {Chem. News, xxvii. 175) of 7iative brittle siVuer from 
Bolivia, gave 78*12 per cent. Ag, 12*01 AgCl, 9*34 Fe-0^ and 0*40 Co. 

ExtracUo7i and Purification . — The am^gamation of silver ores in Chili is now 
preceded by treatment with cuprous chloride, which acts on silver sulphide as repre- 
sented by the equation : 

Ag2S + Uu^CP = 2Ag CuS + CuCP. 

The cuprous chloride is prepared by saturating a solution of cupric sulphate with 
common salt, and boiling the solution with copper turnings. The crushed ores are 
first treated with the copper solution alone ; mercury is then added (20 to 25 pts. to 
1 pt. silver) ; the mixture is agitated in barrels ; and the amalgam is subsequently 
purified by washing with water, any cupric oxide that may be present being removed 
by ammonium carbonate. If the ore contains chloride or bromide of silver, a quantity 
of lead is added equal to 25 per cent, of the amount of silver, whereby chloride of 
lead is formed, and the loss of mercury by conversion into chloride is avoided (Fon- 
seca, Bingl. pol. J. ccviii. 396 ; also Prime, Awer. Chemist, iv. 87; Jahresb.fi. Ckeon. 
1873, 990 ; and Kronke, Bingler. ccxxvi. 401; Jahresh. 1877, 1122). 

The method of Amalgamation practised in Colorado is described by T. Egleston 
{Bingl. pol, J. ecxxvi. 517 ; Jahresb. 1877, 1123). 

6 z 2 
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Eodf action with Calcium Thiosul'phaie. — The following process, practised at the 
Stewart smelting works, Georgetown, North America, is described by W. Brnnton 
ccxxii. 177). The ores, after being subjected to a ehlorinati^ process, are 
introduced into round wooden tubs 1*2 m. high and 2*7 m. in diameter. Each tub holds 
about 2 tons of ore, and is furnished with an agitator and a closely-fitting cover with 
two ventilators for the conveyance of steam and sulphurous acid. The tubs are filled 
with the ore, and the latter treated with Hunt and Douglas’s liquid (consisting of 
sodium chloride and ferrous chloride). The mixture is then agitated, pd at the same 
time sulphurous acid and steam are introduced. The whole of the cupric oxide present 
in the ore is thus dissolved by the ferrous chloride. The reason for the addition of 
sulphurous acid is that the ferrous chloride would otherwise be converted into ferric 
chloride by the oxidising ingredients present in the ore, and the copper would then 
be precipitated. The cupric chloride in presence of sodium chloride converts the 
whole of the silver sulphide present in the ore into chloride. After the mixture has 
been agitated in these tubs for five hours, the solution is allowed to settle, then 
drawn off, and the tubs are again filled with water, steamed and agitated. After two 
horns’ washing with hot water, the apparatus is again stopped and the clear water 
, drawn off. Calcium thiosulphate is now added from a reservoir placed above the 
tubs, and after agitation for four hours at 38°, the mixture is left to settle and the clear 
silver solution <&awn off. In the case of ores very rich in precious metals it is 
advisable to repeat this operation before washing with warm water at 40°. Finally 
the tubs are emptied. 

The solution containing the sodium chloride and ferrous chloride is passed through 
a filter in order to separate mechanical impurities, and then run into tanks filled with 
iron filings, where the copper is precipitated and the solution brought back to its 
former condition. The washings are evaporated to 15° B., and submitted to a 
similar treatment. The silver solution is placed in large precipitating vessels, treated 
with calcium sulphide, agitated for a few minutes, and left to deposit. The liquid is 
then run into the regenerating vessels and treated with sulphurous acid, which con- 
verts the whole of the excess of calcium sulphide used into thiosulphate. The wash- 
ings from the treatment with calcium thiosulphate are worked up in a similar 
manner. When the precipitate in the precipitating vessels is from 126-150 mm. 
high, it is w^ashed with hot water, dried, and roasted in a small reverberatory 
furnace at a low temperature, until all the sulphur has been driven off. Fluxes are 
added if necessary, and the temperature is raised until the whole mass is in a state of 
perfect fusion. The slags are then removed, and the pure metal skimmed off and 
poured into moulds. If the slags contain more than 20 ounces of silver per ton, 
they are worked up again vrith the ore. 

From the FahUores of Baranna, in Mexico. — The ore, containing zinc-blende, 
galena, iron and copper pyrites, quartz, silver, and a trace of gold, is crushed and 
roasted with 5 to 7 per cent, of salt. The copper and zinc are then extracted by 
treatment with cold water, and the copper is precipitated from the solution by iron. 
From the insoluble residue the silver with a little lead is extracted by solution of 
sodium thiosulphate, and the silver precipitated by calcium sulphide. This precipi- 
tate when roasted gives a metal of 650-700 thousandths fineness, which is purified 
by cupellation with lead {Chem. Gentr. 1878, p. 830). 

Frovi Silicmis Ores. — Round the great Salt Lake in Utah, enormous deposits of 
spongy silica are found, which have evidently been deposited from hot springs. These 
deposits contain lead oxide, cupric oxide, ferric hydrate, ferric oxide, and silver 
cliloride in varying proportions. The quantity of the latter is from 1-10 kilograms 
per ton, but as an average 2*3-2*5 kilograms. The groat amount of silica, seldom 
less than 90 per cent., makes it impossible to extract the silver by smelting, and it 
has also been found very difficult to extract the silver chloride by alkaline chlorides 
or thiosulphates. But the following method gives very good results, not more than 
] 00 grams of silver per ton of ore being lost. 

One part of the ore is boiled with 3*5 pts. of salt and 3*6 pts. of strong hydrochloric 
acid until the mass is disintegrated, then the same quantity of hydrochloric acid is 
added, and 1 pt. of manganese oxide is gradually introduced. When the evolution of 
chlorine ceases, the liquid is decanted, the residue washed with water, and the silver 
is precipitated from the solution by iron. To remove lead and a little copper, it 
must be refined by cupellation. On working on a large scale, the above proportion 
will be found sufficient for 2-3 pts. of ore. As manganese oxide, pyrites, salt, and 
coal are plentiful in Utah, this process can be carried out without difficulty (A. 
Guyard, Bull. Soo. Chim. [2], xxv. 99). 

From burnt Cupreous Byrites. — The residues of cupreous iron pyrites which have 
benn burnt in the sulphuric acid manufacture contain small proportions of copper nufl 
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silver, amounting to about 3-6 per cent, of the former, and from 15 to 28.dwts. per 
ton of the latter. Two methods are employed for the recovery of the silver. The 
first, known as Claudet’s, depends on the almost complete insolubility of silver iodide 
in cold solutions of metallic and alkaline chlorides. It is conducted by lixiviating 
the burnt residues after calcination with sodium chloride ; the first three washings, 
which contain nearly ail the silver, are, after settling, run into precipitating tanks ; a 
sample from each tank is then assayed for silver ; and an amount of potassium iodide, 
calculated as equivalent to the total silver present, is added in solution to the copper 
liquors, which are, at the same time, diluted with -jg water, and mixed with milk of 
lime, the whole being thoroughly stirred. The precipitate, consisting of silver iodide, 
lead sulphate, calcium sulphate, and oxychloride and subchioride of copper, is allowed 
to settle. The accumulated precipitate is withdrawn and washed with hydrochloric 
acid to remove copper salts, and then treated with metallic zinc, whereby zinc iodide 
is formed, with separation of metallic silver and gold if present. The zinc iodide is , 
then dissolved out, standardised, and used instead of potassium iodide, for operating 
upon a new quantity of copper liquor. It is essential to the success of the process 
that only very little or no cuprous chloride should be present in the copper liquors, 
because it separates out on dilution, and, moreover, interferes with the precipitation 
of the silver iodide. 

The second process consists in blowing through the copper-liquors sulphuretted 
hydrogen diluted with air. Its first effect is to precipitate a far larger proportion of 
silver than of copper. The hydrogen sulphide is obtained by acting upon ^ tank 
waste ’ with hydrochloric acid, in large covered tanks. Before blowing, the copper in 
the solution is estimated by standard potassium cyanide solution, and the blowing is 
allowed to proceed until the quantity of copper is diminished by 6 per cent. The 
precipitate, which still contains a little chloride, is washed and filtered, then calcined 
at a low temperature, whereby chlorides of copper and silver, and oxide and sulphate 
of copper are produced. This is then ground to rough powder, lixiviated with water 
to remove copper sulphate, then with hot solution of sodium chloride, which dissolves 
the silver chloride. The solution, however, contains also copper and some lead 
sulphate ; it is mixed with milk of lime, well washed, to remove calcium chloride, 
then digested with dilute sulphuric acid to remove oxide of copper, and again washed. 
After drying, the precipitate has the composition — 

Insol. 

Ag PbO CuO Fe»0» CaO SO* 01 H*0 residue Total 

8*77 28-66 3*75 2*61 13*67 31-73 4*70 4*20 1-40 99*49 

The value of the silver recovered is about 25. 6d. per ton of ore worked, the cost 
by either plan being about lO^f. The quantity of these ores treated annually amounts 
to about 350,000 tons (T. Gibb, Chem. News, xxxi. 165). 

On the Separation of Silver from Argentiferous Lead, see Lead (p. 1166). 

On the Eeeovery of Silver from Cast-iron Crucibles in which that metal or its 
alloys have been fused, see Javorsky a. Priwoznik {Lingl.pol. J. ccxvii. 214; Chem. 
Soc. J. xxix. 453). 

Por the recovery of Silver from solutions of the Cyanide (photographic baths, 
&e.), E. V. Bibra ( J. pr. Chem. [2], xiv. 185) recommends, as most expeditious and 
least costly, the method of precipitating the silver cyanide with sulphuric acid, igniting 
the precipitate, and dissolving it in nitric acid. On adding hydrochloric acid to the 
resulting solution, the whole of the silver is precipitated as pure chloride, which may 
be most advantageously reduced from its ammoniacal solution by metallic zinc. 

Physical Properties . — According to Kirmis {Pogg. Ann, clviii. 121), the forms of 
electrolytically precipitated silver vary with the intensity of the current, the concen- 
tration of the solution, and the density of the current at particular points. Thread- 
like masses of silver, called ‘ moss-silver,’ are produced by heating silver sulphide in 
a current of steam and hydrogen gas (W. M. Hutchings, Chem. News, xxxv. 117, 186). 

Pseudomorphs of native silver after Stephanite or Brittle Silver-ore, occur at 
Przibram in Bohemia (G. vom Eath, Pogg, Ann. cxi. 266 ; V. v. Zepharovich, Wien. 
Akad. Per. [1 Ahth.] Ixix. 33). 

The specific gravity of pure silver was found by W. Chandler Eoberts {Proc. Boy. 
Soc. xxiii. 494) to be 10*57 in the solid, and 9*4612 in the fluid state; that of an 
alloy of 718*33 pts. silver and 281*07 copper was found by experiment to he 9*9045 ; 
by calculation 9*998. Mean coefficient of cubical expansion through 1050 degrees = 
0*00011164; therefore coeff. of linear expansion =0*00003721. 

The melting point of pure silver is given by various authorities at 999° to 1034° 
(v. 277) ; according to Becquerel it is 1040°; according to J. Yiolle {Compt. rend. 
Ixxxv. 543) pure silver melts at 954°. 

Absorption of Oxygen by Silver . — Dumas {Ann. Chim. Phys. [5], xiv. 289) found 
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that when pure silver prepared in the ordinary way was heated in a porcelain flask, it 
began to give off pure oxygen at 4:00°-500®, the evolution of gas going on for six 
hours, then ceasing, and not being renewed even when the metal was heated to fusion. 
The silver when cold formed a finely crystallised metallic mass, having a density of 
10*dl2, which is somewhat higher than that usually given for pure silver. The 
quantity of oxygen thus evolved from a kilogram of silver amounted to 57 cc. at 0° 
and 760 mm. or by weight to 82 mg., so that the kilogram of metal employed con- 
tained only 999'918 grams of pure silver. In a second experiment in which the 
influence of the atmosphere on the fused silver was greater, 1 kilo, yielded 155 ec. or 
226 mg. oxygen, so that the amount of real silver in the kilogram was only 999*774 
grams. In a third experiment, performed in a glass tube, the quantity of oxygon 
obtained was 174 c.c. = 249 mg., showing that the kilogram of metal contained 999’751 
grams of pure silver. 

This occlusion of oxygen by silver is of great importance with regard to the use 
of that metal as the basis of determinations of atomic weights, inasmuch as different 
values must he obtained according to the quantity of oxygen occluded in the particular 
sample of silver employed in the experiments. Thus, in the experiments of Marignae 
a. Stas on the atomic weights of silver and chlorine (i. 905), the introduction of 
the correction required for the occluded oxygen would give the ratio Ag : 01= 108 : 
35-5 rather than 108 : 35*45. 

The whole of the oxygen occluded in silver may, as already observed, be drawm 
off by heating the metal in a vacuum at 600°. If, on the other hand, the temperature 
be raised to the melting point, and oxygon be brought in contact with the silver, the 
gas is rapidly absorbed, and partly given up again, with spitting, as the metal solidi- 
fies, the remaining portion being however retained. 

Reactions. — On the reaction between silver and nickel in the melted state, sco 
Kicxel (p. 1390). 

On the Action of Light on Haloi'd Silver salts, see Light (p. 1231). 

The reduction of silver from its salts by pure hydrogen^ observed by Russell and 
others (vi. 718; vii. 660; viii. 1070), was confirmed in the first instance by the 
experiments of B. Renault {Coinpt. rmd. Ixxiv. 984) ; but subsequent observations by 
the same chemist Ixxvi. 384) seem to show that the reduction is not effected by 
pure hydrogen, but only when the gas contains traces of arsonetted or siliciurotted 
hydrogen, ^ On the whole, however, the balance of evidence appears to bo in fa.vour of 
the reduction of silver salts by pure hydrogen. 

Soluble thiocyanates precipitate silver completely from its 
solutions as thiocyanate, CSNAg, and the precipitate is not acted upon by mineral 
acids. On adding a solution of potassium or ammonium thiocyanate to an acid 
solution of a silver salt containing a small quantity of ferric sulphate, tlio wliole of 
the silver is precipitated, while the excess of the thiocyanate solution gives a blood- 
red colour with the ferric salt, so that the end of the reaction may bo very sharolv 
determined. j o 


^ As ammonium thiocyanate is very hygroscopic, it is advisable, instead of weigh- 
ing^ out a definite quantity of this salt, to titrate a solution of it against a solution 
which contains 10*8 grams of pure silver dissolved in nitric acid, the liquid being 
made up to 1000 c.c. 10 c.c. of this solution are put into a hoaker, together with 
5 c.c. of a solution of ferric sulphate (50 grams to one litre of water), 150-200 c.c. of 
water are added, and the ammonium thiocyanate solution is then allowed to flow in 
drop by drop until a pale red tint is obtained. This method is applicable in presence 
of tolerably large quantities of copper. Chlorine, bromine, or iodine maybe estimated 
by precipitation with an excess of a silver solution containing a known amount of 
silver, and subsequent titration with thiocyanate solution in order to determine the 
excess of silver added (L Volhard, j: Chem. [2], ix. 217; more fully, lAeUds 

Annalen, cxc. 1--51 ; Ohem. 8oc. J. xxxiv. 743-5). ^ 

On the application of this method to the estimation of Silver and Gold in Cupelled 
Silver, see Lindemann {Dingl. pol. J. ccxxvi. 66 ; CJiem. Soo. J. xxxiv. SSO), 

G. &r 0 (Am. Ohi'?n, Rhys. [5], ii. 151) 'points out that, in taking samples from 
estimation of the silver, it is necessary first to remove the super- 
hcial layer, vrhich is richer in silver than the interior, hy boiling with nitric acid, or 
otier manipulations. His experiments show that differences of 3 to i per cent, may 
occur, accordingly as the surface-layer, or the metal remaining after this layer has 
been scraped off, is taken for analysis. 

A m_^fioation of the Apparatus used in Gay-Lussac’s Method of Silver Assayina 
IS described hy Sire {Ann. Chim. Phys. [4], xxviii. 108 ; Jahresb.f. Ohem. 1873, 846). 
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Compounds of Silver, 

On Alloys of Silver witli Copper, see Copper (p. 561). 

On Silver-amalgam, see Mercury (p. 1270). 

Silver arsenide, AgAs, is obtained in the form of a white, brittle, very hard, 
crystalline metallic button, sp. gr. 8*51, when silver arsenate is gently fused with 
potassium cyanide. It loses arsenic on heating, forming a new compound having the 
sp. gr. 9‘01 ; fused under a layer of boric acid at a higher temperature, it is converted 
into Ag^As, sp. gr. 9'51 (A. Descamps, Compt, rend. Isxsvi. 1022). 

Beaction of Silver Arsenite with Ammonia, — The light yellow precipitate of silver 
arsenite is usually said to be soluble in aqueous ammonia. J. E. Santos {Qhem, 
News, xxsviii. 94) has however observed that, if the precipitate formed on mixing 
solutions of silver nitrate and sodium arsenite be washed several times by decantation, 
it no longer dissolves (at all events not completely) in aqueous ammonia, but assumes 
a well-marked crystalline character and a deeper yellow colour. In fact, tribasic 
silver arsenite, Ag®AsO®, is not by itself soluble in ammonia, but dissolves readily 
therein in presence of alkaline nitrates. By the continued action of ammonia, it is 
slowly and imperfectly decomposed, being perhaps converted into a salt of argent- 
ammonium. A silver arsenite containing in combination or admixture a proportion 
of arsenic larger than that of the tribasic salt, dissolves at once in ammonia without 
the presence of alkaline nitrates. The solubility of silver arsenite in acetic acid is 
governed by the same conditions as its solubility in ammonia. 

Chlorides ■ According to v. Bibra {Ber. viii. 741), pure argentous chloride 
can be obtained by the action of hydrochloric acid on argentous citrate (produced 
by treating argentic citrate with vvashed and dried hydrogen at 100°). Argentous 
chloride is a black powder, the greater part of which dissolves in ammonia, the rest 
in nitric acid. The residue left by nitric acid is also soluble in ammonia. Potassium 
cyanide also dissolves the body ; sulphuric acid dissolves about 2 per cent, of it ; 
acetic acid and potash do not act upon it. Its analysis leads to the empirical formula 
Ag^CP, but its reactions with nitric acid and ammonia seem to show that it is a 
mixture, not a definite compound. The blackened chloride produced by the action of 
light on argentic chloride cannot, according to v. Bibra, be regarded as argentous 
chloride. 

According to Oarey-Lea (Sill. Am. J. [3], xv. 189), the substance produced by the 
action of light on silver chloride is of a much more permanent character than that 
formed in the case of the other silver haloids, inasmuch as nitric acid decomposes the 
bodies so produced from silver bromide and iodide (with separation of silver, and 
formation of ordinary silver bromide and iodide), but is without action on the sub- 
stance formed from silver chloride. After five days’ action of strong sunshine on 
moist silver chloride, exposed in a thin layer and frequently stirred up, about 1, pe* 
cent, of the chloride is acted upon. The darkened chloride is not acted on by nitric 
acid of sp. gr. 1*28 in the cold, so that it does not contain reduced silver; but as it is 
quickly whitened by aqita regia, it is probable that the darkening is due to the form- 
ation of a subchloride or oxychloride. By digesting the darkened chloride (precipi- 
tated in presence of hydrochloric acid) with nitric acid of sp. gr. 1-28, for 18 hours on 
the sand-bath, a perceptible amount of silver was dissolved. 

Darkened silver bromide is readily acted on by the same nitric acid, complete 
decomposition taking place after heating for some hours. 

Silver Chloroplatinite, AgCl,PtCP, produced by the action of silver nitrate on a 
solution of potassium chloroplatinite, is an amorphous flesh-coloured precipitate in- 
soluble in water, decomposed by hydrochloric acid (Nilson, J. pr, Chem, [2], xv. 269). 

On Silver Ferrocyanide, see Cyanides (p. 612). 

XSftects of Heat on -Cliloride, Bromide, and Iodide of Silver. Gr. F. 

Eodwell * (Proc. Boy, Soc. xxv. 280) has described various experiments made for the 
purpose of determining the coeficients of expansion and contraction of the iodide of 
silver, and the coefficients of expansion of the chloride and bromide. The results 
are given in the following table. It will he seen that the coefficients of the chloride 
and bromide are a little higher than those of the most expansible metals (lead and 
zinc), and that the coefficient of the bromide is higher than that of the iodide. The 
iodide of silver, on the other hand, has long been known to exhibit certain anomalies, 
contracting through a given range of temperature on heating. The following facts 
have been established in regard to these anomalies. If a mass of the molten iodide 
he allowed to cool, the following effects may be observed; (a). At the moment of 
solidification a considerable contraction takes place. (S), The solid on further cool- 
ing undergoes slight and regular contraction after the manner of soUds in general, 
^ Commuiucated by tbe author. 
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until it readies a temperature of 142®, when it undergoes sudden and violent expansion, 
passing from the amorphous to the crystalline condition. (7). After undergoing 
this expansion, the mass, on further cooling, undergoes slight expansion. According 
to Fizeau, the point of maximum volume is at —60° and the coefficient of contraction 
augments with the temperature. The iodide exists in two allotropic conditions. 
Above 142® it is a yellow flexible transparent solid, while at 142° it changes to a 
pale-green, crystalline, opaque, brittle substance. 

Effects of Heat on the Chlobide, Bromide, and Iodide of Sidver. 


1 

Chloride 

Bromide 

Iodide 

Fusing point .... 

451° 

427° 

627° 

Specific gravity at 0° 

5'505 

6*245 

6-675 

„ ,, fusing point. 

4-919 

6-595 

5'522 

Volume at — 60° . 

1-000000 

1-000000 

1-017394 

\ maximum volume 

„ 10° . 

— 

— 

1-017342 

„ 0° . . . 

1-006547 

1-006060 

— 

„ 70° . 

— 

— 

1-017009 

„ 100° . , . 

„ 142° . . . 

1-016092 

1-016560 

C 1-015760 

J after sudden expansion 



j 1-000000 

i maximum density 

„ 200° . 

1-024937 

1*027460 


„ 300° . 

1-035082 

1-038760 

1*004493 

„ 400° . 

1-045227 

1-050460 

— 

„ fusing point (solid) . 

1-050319 

1-053470 

1-010949 

„ „ (liquid) 

1-116427 

1-122840 

1-044990 

Fhysical structure. &c. of fused 

Crystalline 

Crystal- 

Transparent and flexi- 

mass. 

fracture ; thin 

line and 

ble above 142°; crys- 


films, trans- 
parent and 
flexible in 
the cold ; 

thick rods, 
very flexible 
while hot. 

brittle. 

talline, opaque, and 
brittle below that 
temperature. 


Chloroliromiodides. Eodwell {Proa. Boy. Soc. xxv. 292) has also determined the 
coefficients of expansion, and other properties, of five compounds of silver with chlorine, 
bromine, and iodine. Chlorobromides of silver have been found in the mines of 
Chanarcillo in Chili, also, according to Dana, an icdobromide. The compounds 
described were formed by fusing together in a porcelain crucible the chloride, iodide, 
and bromide of silver in such proportions as furnished bodies of the composition 
shown in the annexed table. The coefficients of expansion having been deter mined 
by a method described by Eodwell, the volumes given in the table were calculated 
therefrom. The melting points were determined by Carnelley, by his new method 
(p. 937). The following facts will he observed by reference to the table : 

1. The chlorohromiodides contract on being heated from 124°-133®. Hence they 
possess two points of similar density. 

2. While the iodide of silver commences its contraction when the temperature 
rises to 142°, and ends it at 146’5°, the chlorohromiodides begin to contract 18° 
lower, and cease to contract at 12° lower. 

3. The specific gravity is in all cases above the mean of that of the constituents. 

4. The melting points are in all cases lower than those of the constituents. Thus 
Ko. 3 melts at 326°, viz. 201° lower than iodide of silver, which constitutes 68 per 
cent, of its weight. 

5. The melting points diminish from No. 1 to No. 3, and increase again from No. 3 
to No. 6. 

6. The contraction undergone by some of the chlorohromiodides is greater than that 
of the iodide of silver itself, 'although it is associated with two such expansible bodies 
as the chloride and bromide of silver : while, on the other hand. No. 1 has, during 
ceptain ranges of temperature, a higher coefficient than any of the substances com- 
posing it. 

7. These anomalies are, no doubt, due to the way in which the iodide changes from 
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In the cate of No. I. these temperatures were respectively 125*6° 0. and 131*6° 0. 
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the crystalline to the amorphous condition 'within the surrounding mass^ of chloride 
and bromide. Let us, for instance, consider one case, No. 3, the composition of which 
is AgU^AgLrjAgCl. ‘In every 100 mols. between the temperature of 121° and 
we have 58 mols. undergoing somewhat rapid contraction, while 42 are undergoing 
expansion. At the same time, other events are taking place within the mass ; heat is 
disappearing as internal work, and is changing the crystalline into the amorphous 
iodide ; that is, converting an opaque, brittle, highly crystalline body (the iodide alone 
is here spoken of, not the chlorobromiodide) into a transparent, plastic, denser body. 
What the precise function of the molecular motion which disappears can be, it is 
difficult to assume, since in this case it not only changes the state of the body, bitt 
likewise approximates its molecules.* 

Peroxide. When electrolytically prepared silver peroxide is brought in contact 
with aqueous ammonia, a violent evolution of nitrogen takes place, and Berthollet’s 
fulminating silver (v. 300) is formed, but remains dissolved in the excess of ammonia. 

On evaporating a small quantity of this solution in an iron spoon, a dangerous 
explosion takes place. When the dry and finely pulverised peroxide is moistened 
with a few drops of oil of cloves, the oil takes fire, and silver having the metallic 
lustre is separated (Bottger, Ber, vi. 1396). 

Silver Silicofluoride, Ag^SiF®, is formed on brining silver nitrate in contact 
with silicofluoric acid, as a greyish-white precipitate, which is decomposed even by a 
weak solution of ammonia (S. Kern, Chem. News, xxxiii. 35). 

SlXiVBK-irZiTSeA3M:ARXIi7i:. See UltrA-MAUine. « 

SIKZSTRIlKr, This name is given by 0. Schmiedeberg (Bcr. xii. 701) 

to a carbohydrate occurring abundantly in the squill (TJrginea Scilla). In external 
appearance it closely resembles achroo-dextrin, but it is Ifevogyi-ate, and is almost 
wholly converted into Isevulose by the action of warm dilute acids. It may bo obtained 
by adding lead acetate to powdered squill made into a thin paste with water, as long 
as a precipitate is formed, mixing the filtrate, after removal of lead, with excess of 
calcium hydrate, which precipitates the sinistrin, and decomposing the precipitate 
with carbonic anhydride, apy lime remaining in the liquid being removed by careful 
addition of oxalic acid. The filtrate is then decolorised by animal charcoal, gently 
evaporated at 40®-50°, and the sinistrin precipitated by alcohol. Pure sinistrin, 
is colourless and amorphous : it dissolves in water in all proportions, and in 
presence of an alkali holds copper oxide in solution without reducing it. Its specific 
rotatory power is [a]D= —41*4°. Saliva and diastase have no action on sinistrin, 
hut warm dilute sulphuric acid completely converts it into sugar, consisting of a 
mixture of Isevulose with an optically inert variety, both of which are capable of’ 
fermentation, and reduce copper oxide in alkaline solution. 

The name sinistrin is also applied by G. Kiilineman {Bcr. viii. 387) to a Isevogyrato 
substance resembling dextrin, contained in ungerminated barley. 

SIPYXiXTZS. A niobate, occurring in Amherst County, Virginia, associated with 
albanite and magnetite, and occasionally with a few large crystals of hydrous zircon. 

It appears in small irregularly shaped masses, very brittle, exhibiting small, but 
distinct conchoidal, and also uneven fracture. Colour, brov 7 nish-black, in thin 
splinters red-brown ; streak, light cinnamon-brown ; lustre, resinous and pseudo- 
metallic ; translucent in thin splinters ; hardness »= 6, nearly ; sp. gr. 4*89. When 
heated before the blowpipe the mineral decrepitates and glows brilliantly, becoming 
pale greenish-yellow and opaque. Its analysis gave : 

l!rb“0"Ta®0 C) "WO* SnO“ ZrO^ Eb»0“ Y“0* O Ce^O^ 

48-66 0*16 0-08 2*09 27-94 1-37 


La“0“ 


WO 

MnO 

PeO 

BeO MgO 

3-92 

4*06 

3*47 

trace 

2-04 

0-62 0-05 

CaO 

Li=0 



P 

H=0 

2*61 

trace 

0-16 

0-06 

trace 

3*19 = 100*48 


C) Ta»0" = 

about 2 per cent. 


(») Y=0“ 

about 1 per cent. 


Grouping together the acid oxides of Nb, Ta, W, Sn, and Zr, reducing all the basic 
oxides present to the equivalent amounts of dyad oxides, and leaving out the water, 

y " V 

these numbers may be represented by the formula E^M-0®.4R-'M-0' (J. W. Mallet 
Sill. Am. J. [d], xr. Z97). 

SXHM. The root of Bium latifoUum contains sugar, gum, albumin, pectin, a 
colourless fragrant volatile oil, and a resin, which appears to be the poisonous con- 
stituent (A. E. Porter, Bharm. J. Trans. [3], vii. 174). N. Eogers {iUd. 433) found 
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in the root two acid resins and an indifferent resin, from which a body was obtained 
which crystallised in colourless needles and volatilised without decomposition ; also 
volatile oil, starch, sugar, gum, albumin, salts of potassium, sodium, calcium, and 
magnesium, and lastly a volatile alkaloid which he regards as ^astinaoine. 

SKATOI.E, (Brieger, x. 1027; xii. 1985; Nencki, x.* 1032). 

A crystallisable substance, closely resembling indole, found, together with acetic, 
butyric, and isobutyric acids, and small quantities of phenol and indole, in human 
excrements (crKaros). It is also a product of the fermentation of albuminoids, and is 
best prepared by the fermentation of blood-albumin with a little pancreas and water, 
indole being formed at the same time. Skatole crystallises in irregularly dentate, 
shining plates, resembling indole, which, by frequent reciystallisation from hot water, 
can be obtained snow-white. The crystals, which have a highly disagreeable fseeal 
odour, melt at 94°-95®. Skatole is rather less soluble in water than indole, and can 
be easily distinguished from the latter by not being coloured by chlorine -water, and 
by the fact that an aqueous solution of skatole, .treated with a drop of fuming nitric 
acid, gives not a red precipitate, but a white cloudiness. It is soluble in warm 
dilute nitric acid, but separates unchanged on cooling. It is decomposed when boiled 
for some time with nitric acid, giving off vapours which have the odour of nitro- 
phenol. 

Skatole forms the chief constituent of the volatile aromatic portion of human 
faeces. The faeces of dogs (whether fed on bread or on meat diet) contain no skatole, 
but only indole and a volatile yellow oil (not yet analysed), having a revolting and 
peculiarly irritating odour. The same oil is obtained by distillation from various 
pathological fluids of the human organism. 

Skatole, when administered in small doses, appears to exert no deleterious action 
on the animal organism, but in larger quantities it produces tetanus, and gives rise to 
an increase of the proportion of ethylsulphates to sulphates in the urine. 

Neneki (el.jpr. Chem.[2], xx. 466) regards skatole as methyl-indole, 0®B[®(OH®)N, 
and Ossikovsky {Ber. xiii. 332) represents it by the constitutional formula : 


I 

^CH2— CH^ 


An isomeride of skatole, called Methyl-ketole, and regarded 

as the methyl-derivative of an hypothetical body, Jcetole, is formed 

v'GH” CO OTTs 

by treating ortbonitropbeuyl-acetone, * , with ammonia and^ zinc-dust 

at a temperature just below the boiling point of the mixture. The nitro-compound is 
then converted into the corresponding amido-compoimd, C®H\]S'H2).OH-.CO.CH^, and 
the latter, by loss of H-0, into methyl-ketole. On distilling the product iu a current 
of steam, the methyl-ketole crystallises from the distillate in colourless plates or 
needles having a strong odour like that of indole. It melts at 59°, and distils without 
decomposition at a higher temperature. It dissolves in hot water and in hydrochloric 
acid, and the acid solution yields with platinic chloride a crystalline double salt, and 
with picric acid a deposit of yeilowish-red needles. With nitrous acid it gives a 
yellowish, and with bleaching powder a fugitive blue coloration (A. Baeyer a. 0. E. 
Jackson, Ber. xiii. 137). 

SXiilTE. Analyses of twenty varieties of Thuringian slates from the neighbour- 
hood of Lehesten, near Grafenthal, have been published by H. Mader {Arch. Bharm, 
[8], hi. 197, 289 ; Jahresh.f. Chem. 1873, 1224). These slates contain no magnesia. 

The following analyses of ‘ green slate ’ from Eeichenau in Lower Austria, traversed 
by veins of epidote and calcspar, are given by Zellner a. Breck (Min. Mitth. 1873, 
130) : 

SiO“ Al’O® Fe“0’ FeO MgO OaO Na“0 K“0 H’O CO= 

53'69 19-96 10-60 3-52 3-83 5-18 2*20 0*22 2*11 0*70 === 102-01 

45-59 12-22 12-30 3*73 2-82 13*02 3-46 trace 1-48 6‘05 = 100*67 

Analyses by Briegel of slates and slate-clays occurring between Salzbach and 
Ottenau in the Black Forest have been published by P. Piatz {Jahresh.f. Chem. 1873, 
1226). 

1. Soft brown-red micaceous slate, used for sprinking on the soil of vineyards 
2 and 3. Spherical concretions of green and brown slate-clays. 2. Nucleus. 3. Crust. 
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SiO“ 

A1»0» 

Fe"0» 


CaO 

1. 

51*09 

20-94 

11-86 

0*19 

2*07 






CaC0» 

2. 

31T1 

14-26 

4*76 

0*39 

39*24 

3. 

i2-50 

7-70 

4*20 

0*17 

61*10 


MgO 

1*44 

K”0 

7*41 

Na*0 

1*05 

Lobs by 
ignition 
4*39 = 

100*44 

MgCO* 

8-12 

1*83 

0*36 

s= 

100*07 

22-61 

0*35 

1*41 

— == 

100*04 


The following analysis of a red slaty clay from the Sehweighof near St, Margen in 
the Black Forest of Baden is given by Vogelgesang (Jahresb. f. Chem. 1873, 1*226) : 


SiO* A1“0“ Fe^O^ CaO MgO E“0 

68’31 2545 5-44 0*62 1*53 2*31 6*29 === 99*86 


SlMtX3«il.CXXr, syn. with JParilUn, the Saponin of Sarsaparilla. See Saponin 
(p. 1780). 

SOBA. Elaborate reports on the progress of the soda-manufaetnre by Le Blanc’s 
process have been published by Gr. Lxinge {Dingl. fol. J. cesxiv. 196, 318 ; Jahresb. 
f. Chem. 1877, 1145; further, cexxxi. 266,377,443; Ohem. Soo. J. xxxvi. 

677, 751). 

Experiments by J. Maetear {Chem. Soo. J. xxxiii. 475) on the decomposition of 
sodium sulphate by carbon in various proportions and at different temperatures have 
led to the following results : 

1. "When sodium sulphate is mixed with a quantity of carbon in excess of two 
equivalents, and exposed to a temperature considerably above red heat out of contact 
with air, the sulphate is ultimately converted into monosulphide of sodium, while the 
oxygen is evolved as carbon monoxide : 

WSO'* + 40 = Na^S + 400. 

2. When sodium sulphate and carbon, finely divided and intimately mixed, are 
exposed to a temperature of dull redness (say from 1160®>-1300° F.), out of contact 
with the air, a certain quantity of sodium carbonate is formed, together with an equiva- 
lent proportion of sodium bisulphide, as well as raonosulphide, while the carbon com 
bines with the oxygen of the sodium sulphate to form carbon monoxide and carbon 
dioxide. The amounts of carbonate and bisulpliide formed vaiy inversely as the 
temperature, while the amount of sulphate decomposed varies directly as the tempera- 
ture. The reaction which is most in accordance with these experiments is : 

zmm* + 60 - Na^CO^ + + Na^S + 400® + CO. 

Any excess of carbon acts apparently in the first instance on the CO^ reducing it to 
00, and finally on the Na^OO^ + Na^S^ producing Na-Sq- 00. 

The decomposition of potassium sulphate by carbon takes place at lower tem- 
perature, but the decomposition is of the same character as in the case of sodium 
sulphate, the products consisting of carbonate and bisulphide of potassium. 

Tbe following process for the manufacture of carbonate and other salts of sodium 
is described by Weldon {Chem. Centr. 1878, 109), Sodium sulphate is melted in a 
Siemens* regeneration furnace, and poured on to the requisite amount of red-hot coal 
contained in a revolving furnace, the inside of which is protected from the action of 
the molten sodium sulphide by a thick layer of compressed magnesia, coke, or graphite. 
The carbon dioxide set free during the process is collected in gasometers, and used in 
the manufacture of sodium bicarbonate. The sodium sulphide is converted into 
caustic soda by the action of superheated steam. Silicate and phosphate of soda are 
made by heating a mixture of the sulphide with silica, or with aluminium phosphate, 
in a current of superheated steam. 

Sodium bicarbonate separates out when carbonic acid is passed into a cold solution 
containing 12-20 per cent, of sodium sulphide. The monocarhonate is obtained by 
calcining the bicarbonate. 

071 the recovery of Sulphur from Soda-waste, see Kraushaer {Dingl. pol. J. ccxxvi. 
412 ; Jahresb. f. Chem. 1877, 1148; Chem. Soc. J. xxxiv. 171). 

Ou the. action of Manganous Chloride at high temperatures on Soda-waste, see 
Watson Smith {Chem. News, xxxvi. 113). 

E. Fischer {Ber. ix. 1558) has examined the gases given off from the furnaces in 
Leblanc’s soda-process, and finds them to contain, on the average, 3 6 per cent, carbon 
dioxide, 6-3 0 oxygen, and 77-79 nitrogen, but no carbon monoxide. The temperature of 
the melted mass, taken with a Siemens’ pyrometer, was found to vary from 7l3°-'792°. 

Axxiinoxiia-soda Process.^ This process consists in decomposing a solution of 
sodium chloride with ammonium bicarbonate, whereby sodium carbonate and ammonium 
chloride are produced. The sodium bicarbonate is obtained as a precipitate which is 
dried and converted by heat into monocarbonate, and the ammonium chloride is 
heated with caustic lime, the ammonia thereby set free being mixed with the carbon 
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dioxide produced by beating the sodium bicarbonate, and thereby reconverted into 
ammonium bicarbonate, to be used for the decomposition of fresh quantities of sodium 
chloride. The advantages of this process are : the direct transformation of sodium 
chloride into carbonate ; the non-precipitation of other metals from the mother- 
liquors ; the absolute freedom of the product from sulphur-compounds ; the simplicity 
of the plant ; the small amoont of fuel and labour required ; and the absence of 
noxious gases (B. Wagner, JDingl. fol. J, ccix. 282). Nevertheless, the process, when 
tried on the manufacturing scale, presented so many difficulties, that its prospect of 
success appeared but small till certain valuable improvements were introduced by 
E. Solway. The chief difficulties consisted in the loss of ammonia in consequence of 
imperfect absorption, and the production of large quantities of useless calcium chloride 
in the decomposition of the ammonium chloride by lime. The loss of ammonia has 
been prevented to a great extent by passing the mixture of carbon dioxide and 
ammonia-gas through a vertical cylinder from 35-60 ft. high, provided with a number 
of false bottoms, through which the solution of sodium chloride trickles downwards, 
and is thi s brought well in contact with the upward-moving gases. The sodium 
bicarbonate separates in the form of a powder which remains on the false bottoms, 
and is from time to time collected, dried, and converted into monocarbonate as above 
mentioned To avoid the production of calcium chloride, for which there is scarcely 
any use, the decomposition of the ammonium chloride is effected with magnesia, the 
resulting solution of magnesium chloride being evaporated, and the residue ignited, 
whereby hydrochloric acid is evolved, which may he condensed in towers, and magnesia 
is obtained, which may be used again in the process (Weldon, Ber. viii. 782). 

Another difficulty experienced in the process arises from a reverse action, by which, 
under certain circumstances, sodium bicarbonate and ammonium chloride reproduce 
ammonium bicarbonate and sodium chloride. This, however, may be obviated by due 
attention to the temperature and concentration of the solutions. According to G-iins- 
berg {Ber» vii. 644), the proportions of common salt, ammonia, and water should be 
so regulated that, after the precipitation of the sodium bicarbonate, there should 
remain a saturated solution of ammonium chloride, containing only a very small 
quantity of sodium bicarbonate. 100 pts. of a solution of sal-ammoniac saturated at 
17° (25'89 p. c.) can dissolve, at ordinary pressure and temperature, 5*742 pts. sodium 
bicarbonate. According to Honigmann (Dingl. 'pol. J. ccxii. 507), when carbon dioxide 
is passed into a saturated solution of equivalent quantities of common salt and 
ammonium carbonate, a mixture of 94 per cent, sodium bicarbonate and 6 per cent, 
ammonium bicarbonate is precipitated, whilst the liquid contains 12 per cent, sodium 
chloride and 4 per cent, ammonium bicarbonate, together with 20 per cent, sal- 
ammoniac. The smaller the quantity of common salt in solution, the greater is the 
quantity of ammonium bicarbonate precipitated. For these reasons Honigmann 
suggests the use of an excess of common salt, viz, 1*5 mol. NaCl to 1 mol. ammonium 
carbonate. 

On the Utilisation of Gas-liquors in the Ammonia-soda process, see Gerlach 
{Bingl. pol. J. ccxxiii. 82 ; Chem. Soc. J. xxxii. 236). 

The following direct methods of preparing sodium carbonate from the chloride 
have also been proposed. 

C. Bohlig {Dingl, pol. J. ccxxiv. 621) heats magnesium oxalate with equivalent 
quantities of %droehloric acid and common salt, whereby acid sodium oxalate is pre- 
cipitated and magnesium chloride dissolved. The acid sodium oxalate, after washing 
with water, is mixed by agitation in an air-tight barrel with an equivalent quantity 
of magnesium carbonate and water, whereupon, after the pressure has risen for a 
time to 2 atmospheres, a concentrated solution of sodium bicarbonate is produced, 
together with a precipitate of magnesium oxalate. On separating this precipitate and 
boiling the solution of sodium bicarbonate with magnesia (obtained from the solution 
of magnesium chloride above mentioned), sodium monocarbonate is produced, together 
with magnesium carbonate, which may be used over again. The acid solution of 
mngnesium chloride obtained by the first process is evaporated down, the residue 
heated to redness in a reverberatory furnace, the magnesia thereby produced is em- 
ployed in the second process, and the nndecomposed magnesium chloride is extracted 
with water, and converted into carbonate by means of the fibre-gases from a coke 
_ furnace. The oxalic acid required for the process is obtained by the action of boiling 
' potash-ley of 36° B. on deal shavings. 

A similar process may be employed for the preparation of potassium carbonate 
from potassium chloride. 

Griineberg a. Foster {Dingl. pol. J. ccxxi. 93) suggest the preparation of sodium 
carbonate from common salt by means of alumina. The salt is mixed with alumina 
and water to a pulp, and the mass is dried, broken into small pieces, and subjected to 
the action of overheated steam. Hydrochloric acid then escapes, and sodium ahiminate 
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lemains, wMcli may be purified by lixiviation, and decomposed either with carbonic 
acid for the preparation of sodium carbonate, or with lime for the preparation of 
caustic soda. The alumina may be replaced by ferric oxide or other metallic oxides. 
The process is said to be applicable also to the preparation of potassium carbonate 
and hydrate from potassium chloride. 

On the preparation of sodium carbonate from the nitrate (Chili saltpetre), see 
Siebel {Ber. vii, 1786 ; Ghem. 800 , J. xxviii. 670), and Lieber {Ber. Yiii. 49 ; Chem. 
80 c, J. xxyiii. 671). 

SODiiXiZTE. An analysis by Fleischer of this mineral from the sodalite-syenite 
(ditroite) of the Ditro range, is published by G-. vom Bath (Jahrh.f. Min. 1876, 774): 

Cl SiO“ APO'* CaO K’O Na“0 Na H“0 

6-08 38*66 32*81 0*95 1*04 13-28 3*93 2*36 = 99*11 

SOBZUZVI. Occurrence in Plants. — An examination by Oontejean {Cornet, rend. 
Ixxxvi. 1151) of about 600 species of plants by means of the gas blowpipe, has led to 
the following conclusions. More than three-fourths of terrestrial (non-maritime) 
plants contain sodium. The sodium is contained in largest quantity in the under- 
ground parts of the plants, and the quantity decreases in the higher parts, so that the 
flowers, the upper part of the stem, and upper leaves contain little or none, whilst 
the base of the stem, the lower leaves, and the root contain a notable quantity. 
Aquatic plants contain sodium in all their submerged parts in nearly equal proportion, 
whilst the parts above the surface of the water follow the same law as in land plants. 

^ Plants growing in wet places and in marshes, &e., are richer in sodium than plants 
growing on dry land, especially in their subterranean parts. 

From experiments by D^h^rain {Cliem. Centr. 1878, 783), it appears that beans 
grown in water containing sodium chloride alone in solution assimilate the salt in 
small quantities, but that if other salts are present in the water, sodium chloride is 
taken up only when its proportion is large compared with that of the other salts. 
The other salts employed were calcium and potassium nitrates. Beans grown in 
water containing 1 gram of each of the three salts showed no trace of sodium in their 
ashes ; if, however, the proportion of sodium chloride was raised to 4 grams, a small 
quantity was assimilated. In such a solution the plants lived several days, whcn'cas 
in one which contained 4 grams of sodium chloride only, the assimilation of that snJt 
was rapid, but the plants very soon died. Soda is taken up from the ground by 
beans, only when its proportion to the other salts is large, and hence the absonco of 
soda in the ash of the plant does not necessarily prove that the soil in which it was 
grown was free from soda, but may arise from the soda being mixed with sufficitmt 
quantities of other salts. 

The laws of diffusion offer no explanation of the fact that sodium chloride is more 
readily assimilated in the absence of other salts. When beans which had begun to 
germinate were placed in salt water, they frequently removed more salt than water ; 
Bohni had shown that distilled water cannot support their growth, but that water 
containing calcium salts readily does so : hence it may be inferred that the germ- 
inating beans assimilate by preference calcium and potassium salts, and lake up 
sodium^ chloride only when the calcium and potassium salts are absent, or are de- 
ficient in quantity relatively to the sodium chloride. 

All the above facts support the opinion that soda is useless, if not hurtful to most 
plants.^ The roots of land plants and the submerged parts of aquatic plants absorb 
soda without selection, and it is but partially transferred to the upper parts. The 
proportion of soda in all aquatic plants is also found to be practically the same. In 
maritime plants, even though soda is present in large quantity in most parts, the 
flower is never found to contain the smallest trace of this substance. 

Preservation of 8 odhm with bright Metallic Surface. — For this purpose, B. Bott- 
ger {Ber. vii. 1536) places the metal in a basin containing alcohol till it acquires a 
perfectly bright surface, then quickly transfers it to a second basin containing 
chemically pure petroleum-ether, and finally to a third containing a saturated solution 
of chemically pure naphthalene in petroleum-ether. In this last solution the sodium 
remains unaltered. 

^ Chloride. This compound separates on cooling from solution in hot hydrochloric 
acid in needle-shaped hydrated crystals, which contain 94*5 per cent. BaCl, and 5*48 
H®0, and appear to change after some time into the ordinary crystals of the anhydrous 
salt (E. Bevan, Gkem. News^ xxxv. 17). 

According to S. Cabot {Ame^r. Chemist^ v. 443), heated sodium chloride is decom- 
posed by the action of air and water-vapour, as shown by the equation H‘0 + 2NaCl — 
2HCl-fNa20. H 

E. Chevreul (Cornpi. rend. Ixxxv. 493) finds that a solution of the chlorides of 
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sodiTim and ammonimn containing not more than 1 mol. NH'‘C1 to 1 mol. NaCl, yields 
on evaporation crystals of a double chloride, but that a mixed solution containing any 
larger proportion of ammonium chloride ;^elds crystals of the latter only. A solution 
of the chlorides of potassium and ammonium, on the other hand, yields crystals of a 
double salt, whichever of the two salts may be in excess. 

Peroxide, Na-O^. This compound is easily obtained by adding to a solution of 
sodium hydroxide of about 20 per cent, a solution of 6 per cent, hydrogen dioxide, and 
then a moderate excess of 80 per cent, alcohol. A crystalline precipitate is then 
rapidly deposited, consisting of hydrated sodium peroxide, which must be quickly 
separated from the liquid. The crystals, which are transparent flexible plates like 
mica, having a fine nacreous lustre and often of considerable size, have the composition 
+ SH^O, and are identical with those which Harcoui't obtained (v. 340) by 
spontaneous evaporation of an aqueous solution of sodium dioxide. When heated 
they give off 7 mols. H-0 and 1 at. 0, and are converted into sodium hydroxide. In 
preparing them, care must he taken to keep the sodium hydroxide in excess, since an 
excess of hydrogen dioxide often completely prevents their formation (T. Fairley, 
Chem. Soc. J. xxxi. 125), 

Sodium Mono sulphide, ISTa^S, is produced when a rapid stream of hydrogen 
sulphide is passed over fused sodium chloride : 2NaCl + H'S = Na^S + 2HC1 (Xingzett, 
Chem. News, xxvii. 25). 

On the Thermochemistry of the Sulphides of Sodium, see Sabatier {Compt rend. 
Ixxxix. 43 ; Chem. Soc. J. xxxvi. 865). 

SOXiAXTXXrx:. This base has been represented by various formulae. Zwenger a. 
Kind's analyses lead to the formula (v. 346); according to Kletzinsky 

(vi. 1030) it is A. Hilger {Liebig's Aoinalen, cxcv. 317) from recent 

analyses assigns to it the formula and to solanidine, obtained from it by 

boiling with dilute acids, the formula but it is not easy to see how a com- 

pound of this latter formula can be formed, together with glucose, from solanine con- 
taining 42 atoms of carbon. Hilger finds that solanine, when thus decomposed, yields 
35*7 to 36 per cent, glucose, whereas Zwenger a. Kind’s equation (v. 347) requires 64 
percent. The subject evidently requires further examination. Both solanine and 
solanidine yield monoacetyi-derivatives (Hilger). 

SOWOMilXTZS. A sulphate of aluminium and magnesium from the G-eyser- 
springs of Sonoma County, California. It is colourless, with a silky lustre, and has a 
density of 1 ’604. The following analyses have been made of it, leading to the formula 
2MgS04,A12(S0^)3,33H20 : 


so» 

A1“0» 

FeO 

MgO 

H=0 

38*78 

7*66 

2*01 

7*14 

44*41 = 100 

38*30 

8-36 

1*56 

7*51 

44*27 = 100 


(E. Goldsmith, Zeitschr. Kryst. i. 380). 

SOPHORXUE. An alkaloid obtained from the pods of Sophora speoiosa. It is 
liquid, and forms a stable chloride, which crystallises readily, and gives a deep red 
colour with ferric chloride. The base appears to be poisonous (H. C. Wood, JPharm. 
J. Trans. [3], viii. 1047). 

SOXtBXC ACXB, C^H^O^. The tetrdbromide of this acid, C®H^Br^O.-, obtained 
by Barringer a. Fittig (vii. 1091), has been further examined by Kaehel a. Fittig 
{Liebig’s Annalen, elxviii. 27 6), who prepare it by mixing sorbic acid with about ten 
times its weight of carbon sulphide, and gradually adding the calculated quantity of 
bromine. Traces only of hydrobromic acid are then evolved, and the liquid, on stand- 
ing for a day or two, deposits the tetrahromide in large well-formed crystals ex- 
hibiting the properties already described, or sometimes in geodes of opaque needles. 

Sorbic tetrahromide, or tetrabromocaproic acid, forms well-defined 
salts. The sodium salt, C®H‘^Br^02Na,2H20, forms magnificent silvery scales, easily 
soluble in water and in alcohol, but quite insoluble in a concentrated solution of 
sodium carbonate. potassium salt is very soluble and difficult to obtain pure. 
It is not precipitated by the addition of potassium carbonate to its solution. The 
ammonium salt separates in fine needles from the solution of the tetrahromide in 
excess of ammonia. The barium salt, (C®H’^Br^O®)^Ba,l|H^O, maybe formed by mix- 
ing barium chloride and the sodium salt. The calcium salt, (0'‘'H^Br^0^)‘0a,7H“0, 
obtained in a similar manner, crystallises with great facility in fine large silvery 
scales. It is much less soluble in cold water than the barium salt, and makes its 
appearance even in somewhat dilute solutions. The zinc salt is similar in appearance 
to the barium salt. 
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These salts are decomposed by boiling with water, reproducing the tetrabromide, 
which separates in the form of a liquid afterwards becoming crystalline. A portion 
of the salt, however, undergoes further decomposition, and the hydrobromic acid 
liberated assists the separation of the tetrabromide, forming at the same time a 
corresponding quantity of sodium bromide. 

When sodium hydrate or carbonate is added for the purpose of neutralising this 
hydrobromic acid as fast as it is generated, resinous products only^ are obtained ; but, on 
substituting barium carbonate for the alkaline salt, a volatile highly irritating com- 
pound, probably acrolein, is produced, giving with ampioniacal nitrate of silver a 
reddish precipitate which deposits metallic silver on application of boat. The residue 
contains a small quantity of brown resinous matter, but no organic acid. 

S&rhic Dihromide or Bihromhydrosorhic acid^ C®JB[®Br^O“, is prepared 
like the tetrabromide, using however only one instead of two molecules of bromine, and 
remains, after the carbon sulphide has been removed by distillation, as a thick yellow 
oil, which gradually solidifies in a crystalline mass,^ to be purified by pressure and 
recrystallisation from petroleum-benzin. The dibromide thus prepared forms small 
shining crystalline laminae melting at 90°-95®, easily soluble in alcohol, ether, and 
petroleum-benzin, less soluble in boiling water. It forms easily^ decomposible salts. 
Its alcoholic solution, mixed with alcoholic potash, yields a precipitate of potassium 
bromide. 

Hydrosorbic acid, C®H^‘’O2=s:CH^.0H-.CH2.0H=:CH.CO0H, metameric with 
ethyl-orotonic and pyroterebic acids, is formed by the action of water and sodium- 
amalgam on sorbic acid and on the tetrabromide (vii. 1091). When fused with 
potash, it is resolved, with evolution of hydrogen, into acetic and normal butyric acid, 
whereby it is distinguished from pyroterebic acid, which when similarly treated yields 
acetic and isobutyric acids. From ethyl-crotonic acid, which likewise yields normal 
butyric acid, it is distinguished by its physical properties, being liquid at ordinary 
temperatures? and not solidifying at —18°, whereas ethyl-crotonic acid is solid at 
ordinary temperatures, and melts at 41*5°. The formula} of the three isomeric acids, 
and their modes of decomposition by melting alkalis, are represented by the following 
equations : 

CH®.CH2.CH2 CHz=:CH.C02H + 2H*0 = OT.CH-.CH^.CO^H + CH».CO^H + H* 

Hydrosorbic acid. Butyric acid. 

CmCH=C<^QQ'^®-' + 2H»0 = CHSOH».CH=.CO»H + CH».CO»H + H* 

Etbyl-crotonic acid. Butyric acid. 

(CH3)2CH.CHz::CH.C02H + 20^0 «= (CH«)2.CH.CO‘'^H + CH^.CO-H + 

Pyroterebic add. Isobutyric acid. 

Action of Hydrohromic Add on Sorbic and Hydrosorhio Acids (0. Stahl, Her. ix. 
120). Pulverised sorbic acid agitated with fuming hydrobromic acid dissolves com- 
pletely, forming a clear liquid, and after a few hours there rises to the surface an oil 
which, after several days’ standing and frequent agitation, sinks to the bottom and 
solidifies. The solution then yields well-defined nearly colourless crystals of d i b r o m- 
hexoic or dibromocaproic acid, C^H^^Br'^’O-, which dissolves very easily in 
carbon sulphide, and by rocrystallisation therefrom may be obtfiined pure and in 
colourless crystals. It melts at 68°, dissolves but very slightly in water, even at 
the boiling heat, and separates on cooling from a hot saturated solution as an 
oil w'hich solidifies on addition of a trace of the solid acid. The acid is decomposed 
by prolonged boiling with water. 

Hydrosorbic acid dissolves immediately in fuming hydrobromic acid, forming a 
clear solution, and after a short time an oily layer collects on the surface, its separa- 
tion being complete in about three hours. This oil, after washing with water and 
drying over sulphuric acid, is nearly colourless, and consists of pure monobromo- 
caproicacid, C®H"BrO-. This acid does not solidify at — 18°. It dissolves readily 
in dilute soda-ley, and the solution, if immediately treated with an acid, yields the 
bromocaproic acid unaltered ; but after some hours acids separate nothing from it, 
and the acidified liquid yields on distillation, not bromocaproic, but hydrosorbic acid. 
From this cause also it yields, when treated with sodium-amalgam, not caproic but 
hydrosorbic acid (Stehl). . 

Pyroterebic acid, which is isomeric with hydrosorbic acid, does not unite with 
hydrobromic acid either at ordinary temperatures or when heated with it in sealed 
tubes (Fittig, £er. ix. 1198). 

SORBXBXXiT, A neutral crystallisable substance occurring, together 

with usnic acid and zeorin, C'^H-O, in the lichen Zeora sordida (see Zeoua). 
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AKABTSXSi I. Emission Spectra, a . Spectra of AKetal- 
lo'ids. Nitrogen. — In the last Supplement to this Dictionary some experiments of 
Schuster were mentioned, which tended to prove that the ha^.d-speetrum of nitrogen 
was due to an oxide. This idea was controverted by Salet {(Jomjgt, rend. Ixxxii. 665), 
who showed that nitrogen can he heated in contact with sodium or potassium, and yet 
give the spectrum in question. There is no reason now to doubt that the spectrum is 
really due to pure nitrogen. 

Oxygen. — The spectrum of this element has recently been examined by Schuster 
(PM. clxx. 1879, 37). Four spectra are distinguished. 

1. The Elementary Line-syectrum. — This is the spectrum which appears at the 
highest temperature to which we can subject oxygen ; that is, whenever the jar 
and air-break are introduced into the electric circuit. It consists of a great number 
ef lines, especially in the more refrangible part of the spectrum. It has been called 
elementary line-spectrum to distinguish it fiom the other line-spectrum, because, ac- 
cording to one hypothesis which has been suggested to explain the variability of 
spectra, the molecule which gives this spectrum is in a simpler or more elementary 
state ‘than that which gives the other so-called compound line-spectrum. We may, 
however, adopt the nomenclature independently of any hypothesis that may have 
suggested it. 

2. The Comjpound Line-sgectrum. — This spectrum appears at lower temperatures 
than the first. It consist of four lines: one in the red, two in the green, and 
one in the' blue. With the exception of the blue line, all the lines in this spectrum 
widen very easily, and with an increase of pressure, more easily even than the hydrogen 
lines. They do not widen out equally on both sides, but more towards the red than 
towards the violet. This fact is especially noticeable in the more refrangible of the 
two green lines. The bine line always remains sharp. 

3. The Continuous Spectrum of Oxygen. — This spectrum appears at the lowest 
temperature at which oxygen is luminous. The wide part of a Pliicker tube, filled 
with pure oxygen, generally shines with a faint yellow light, which gives a con- 
tinuous spectrum. Even at atmospheric pressure this continuous spectrum can be 
obtained by putting the contact-breaker of the induction-coil out of adjustment, so 
that the spark is weakened. According to Becquerel, an excess of oxygen in the oxy- 
hydrogen flame produces a yellow colour, which is very likely due to this continuous 
spectrum. The continuous background which often accompanies the elementary line- 
spectrum must not be confounded with this spectrum. 

The Spectrum of the Negative Gflow. — This spectrum, which was first accurately 
described by Wiillner, is always seen in the glow surrounding the negative electrode 
in oxygen. It consists of five bands : three in the red, and two in the green. The 
least refrangible of the red bands is so weak that it easily escapes observation ; the 
two other red bands are rather near together, and may he taken for one single hand, 
if the dispersion applied is small. The two green bands, which appear of the same 
brightness throughout, with pretty sharply defined edges, are resolved into a series of 
lines, when looked at with high optical powers. 

The following description of the appearance of a vacuum-tube filled with pure 
oxygen, as it undergoes gradual exhaustion, will give an idea of the way in which the 
spectra of oxygen gradually diffuse into each other : 

At first the spark has a yellow colour, and the spectrum is perfectly continuous. 
Almost immediately, however, four lines are seen in the capillary part above the con- 
tinuous spectrum. One of these lines is in the red, two are in the green, and one is 
in the blue. The discharge still passes as a narrow spark throughout the length of 
the tube. In the wide part the spectrum remains continuous, and it extends more 
towards the red and blue than in the capillary part. It seems as if the four lines had 
taken away part of the energy of the continuous spectrum. As the pressure diminishes, 
these lines increase considerably in strength, the spark spreads out in the wide part 
of the tube, and the intensity of the continuous spectrum is therefore considerably 
diminished, while it still forms a prominent part in the spectrum of the capillary- 
part. When the pressure is small, the continuous spectrum decreases in intensity. 
At the same time, the negative glow, with its own characteristic spectrum, gradually 
extends through the negative half of the tube into the capillary part. The continuous 
spectrum has now entirely disappeared, and the bands of the negative pole and the 
four lines stand out on a perfectly black background. It is under these conditions 
that the change from the compound line-specfcrum to the elementary line -spectrum is 
best ^studied. The mere insertion of the Leyden jar makes hardly any difference ; 
the jar does not seem to be charged at all. If, in addition to the jar, we insert 
a movable air-break, which can be opened or closed at will, while we look through 
the spectroscope, we shall be able to see alternately' two perfectly distinct spectra. If 

VoL. YIU. 6 A 
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the air'-brciik is closed, the four lines of the compound-spectra only are seen ; if the 
air-break is opened, these four lines will disappear entirely, and the elementary line- 
spectrum will come out. We have here as complete a transformation as we have 
from the hand to the line-spectrum of nitrogen, taking place under exactly the same 
circumstances (PM. Trans, clxx. 51). 

Carbon. — The spectrum which is seen at the base of every candle-flame has lately 
given rise to a good deal of discussion. Attfield, Morren, Dibbits, Wiillner, W. M. Watts, 
and others had come to the conclusion that the spectrum was due to carbon and not 
to any hydrocarbon. Dibbits had furnished an answer to the theoretical difficulty 
that the spectrum of carbon* should appear at so low a temperature. Before combus- 
tion, the carbon is combined with hydrogen ; after combustion, it is combined with 
oxygen. It must therefore have existed during a certain stage of transition in the 
form of simple carbon uncombined. During this stage of transition it gives us the carbon- 
spectrum. In the year 1875, after Angstrom’s death, Thal^n published a paper in 
which he describes some experiments jointly made with Angstrom {Nov. Act. Ups. ix.) 
In consequence of these experiments, the authors expressed the opinion that the 
candle-spectrum was due to a hydrocarbon. The experiments which they gave in 
support of their view were made by taking the spark of carbon-electrodes in various 
gases, and examining the spectra of the ‘ aureole ’ or ‘ glory ’ as it might be called. 
If the spark is taken in oxygen, the undoubted spectrum of carbonic oxide appears ; 
in hydrogen the candle-spectrum is seen ; and in nitrogen some blue and violet bands 
are added to the candle-spectrum, which appear to be due to a compound of carbon 
and nitrogen. As it is known that acetylene is formed when the spark is taken in 
hydrogen, Angstrom a. ThaUn conclude that the spectrum seen in the ‘ glory * is dne 
to acetylene. 

Recently Liveing a. Dewar have supported Angstrom’s view {Froc. Boy. Soc. xxx. 
152). They sum up that part of their work which relates to the candle-spoctrum as 
follows : 

In the next place, the green and blue bands, characteristic of the hydrocarbon 
flame, are well seen when the arc is taken in hydrogen ; but, though loss strong when 
the arc is taken in nitrogen or in chlorine, they seem to bo always present in tho arc 
whatever the atmosphere. This is what we should expect, if they be due, as Angstrom 
a. Thalfen suppose, to acetylene ; for we have found that tho carbon-electrodes always 
contain, even when they have been long treated in clilorine, a notable quantity of 
hydrogen. ^ In the flames of carbon-compounds they by no means always Jippoar; 
indeed, it is only in those of hydrocarbons or their derivatives that they arc well seen! 
Carbonic oxide and carbon disulphide, even when mixed with hydrogen, do not 
show them; and if seen in the flames of cyanogen, hydrocyanic acid, and carbon 
tetrachloride mixed with hydrogen, they are faint, and do not form a principal or 
prominent part of the spectrum. This is all consistent with the supposifion of Ang- 
strom a. Thal6n. ® 

Lockyer {Froc. Roy. Soc. xxx. 335) describes an experiment in which the bands in 
question were seen when the spark was taken in carbon tetrachloride, although no 
lines of hydrogen were visible. Those wlio believe the spectrum to bo duo to the 
element carbon rely chiefly on the brilliancy with which its hands are developed when 
cyanogen is burnt in oxygen ; also when the spark is taken in cyanogen, wirbon tetra- 
chloride, and carbonic oxide at high pressure, all the gases being dried with the 
greatest care. Those who oppose this view, and who hold that the spectrum is due 
to a hydrocarbon, refer to the impossibility of excluding all traces of moisture, and to 
the fact that this spectrum is well developed under circumstances where we know 
hydrocarbons to be present. 

Compounds of Carbon and Nitrogen.^A. cyanogen flame shows, besides its own 
characteristic red and yellow bands, a series of flutings in the blue, violet, and ultra- 
violet. These bands have until recently been ascribed to carbon, as they were ob- 
served m carbon compounds not containing nitrogen, but according to experiments of 
Diveiug a. Dewar {Froc. Roy. Soc. xxx. 494), they can in those cases always be traced 
to impurities containing nitrogen. Thus, according to Watts, the bands are seen 
when a spark is taken in cai borne oxide at the atmospheric pressure. According to 
Liveing a. Dewar this is true, if the carbonic oxide has been prepared from ferrocyanide 
of potassium. When, however, the gas was made by the action of sulphuric acid on 
dried formate of sodium, a faint trace of one of the bands only could be detected 
When the gas was prepared by heating a mixture of quicklime with pure and dry 
potassium oxalate, no trace whatever of the bands in question appeared. Similarly 
Watts a. Lockyer had observed the bands in a tube containing carbon tetrachloride 
but, according to Liveing a. Dewar, these bands no not appear when the tetrachloride 
Jias been well purified, and when all traces of air have been expelled from the tube 
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Chlorine, Bromine, Iodi7ie . — Ciamician {Wien, Ber, [2], baniii. 872) has 
given an account of the successive changes "which the spectra of these bodies undergo 
when the pressure is either greatly reduced or increased. Lines which are visible at 
one pressure disappear altogether, and are replaced by others when the pressure is 
changed. 

b. Spectra of BXetals. A most important contribution to our knowledge of the 
spectra of metals has appeared in Lecoq de Boisbaudran’s ‘Spectres lumineux' 
(Gauthier Villars, 1874). Lecoq de Boisbaudran has mapped the spectra of most 
metals as they appear when a spark is taken from a solution of the metallic salts. 
Not only is this method of great convenience to the chemist, who can generally obtain 
without difficulty a solution of the substance he wishes to examine, but it enables us 
also to observe metallic spectra at much lower temperatures than when the solid 
metal is used as pole ; for a spark which is not sufficient to volatilise the metal will 
give a spectrum when taken from a metallic solution. We may also mention Band 
Capron’s ‘ Photographed Spectra,^ a series of photographs of metallic, gaseous and 
other spectra, taken generally for each metal both with the arc and spark. 

Bunsen {Bogg. Ann. civ. 366-384) has described the methods employed by him to 
detect erbium, yttrium, cerium, lanthanum, and didymium by means of their spectra. 
His paper is accompanied by plates giving the spectra obtained when a spark is taken 
from the chlorides of these elements. 

ThaUn {K. Vetrush, Akad. Handl, xii. No. 4) has also examined the spectra 
obtained from the chlorides of yttrium, erbium, lanthanum, and didymium, and given 
a list of their lines in wave-len^hs. 

During the year 1879, Nilson announced the discovery of a new metal, ‘scandium.’ 
Thalfen has examined the spectrum of this metal, and found that it contained many 
characteristic lines. His final measurements will be found in the Commies re7idus 
(xci. 1880, 45). See Yttrittm Metals. 

It was explained in the last Supplement how Lockyer could, by means of his 
method of long and short lines, eliminate for each metal all lines due to impm’it^ies. 
An element present as an impurity made itself apparent by its longest lines, and hence 
it was assumed that, whenever the long lines of an element were present, they were 
due to an impurity. In his subsequent investigations, Lockyer Bog. Soc. xxviii. 
1878, 159) found that after the impurities had been eliminated by this method, there 
was still a large number of coincidences left between the lines of different metals. It 
was argued that the hypothesis that identical lines in different spectra are due to 
impurities is no longer sufficient to account for the fact, that therefore an a<iditional 
hypothesis is needed, and that once we accept this additional hypothesis, even some 
of the long-line coincidences would find a better explanation by the new hypothesis. 
The new hypothesis Lockyer bases on the assumption that the elements are not simple 
bodies. Evidence is adduced that in the hottest stars hydrogen alone is present ; that 
magnesium, sodium, calcium come in during the next stage ; and that only when the 
temperature of the star has reached that of our sim, iron and the heavier metals are 
observed. If we assume the reason for these facts to he that part of the lighter 
elements enter into combination together to form the heavier metals, we should explain 
the short-line coincidences. Lockyer supports his views by the behaviour of some 
metals when exposed to different temperatures. Thus calcium {Proc. Bog. Soc. xxiii. 
1876, 352) in the filame or in a very weak spark shows only the blue line. In the arc 
the two violet lines (H and K) make their appearance. As the power of the arc or 
spark is increased, the violet lines gain relatively in strength, and finally the blue 
line disappears altogether. The spectrum of iron behaves in a remarkable way ; the 
relative intensity of the lines varying much according to circumstances. In solar 
storms weak iron lines are often seen, while some of the strong ones appear much 
more seldom. In two subsequent papers, Lockyer {ibid. 1878 ,* xxix. 1879, 247) 
follows out the solar evidence, discussing the lines seen by Young in the solar chromo- 
sphere. Maps are given, showing for each line the frequency with which it has been 
seen by Young and the intensity as given by Thalen. The two quantities, as it appears, 
are by no means identical. The question is discussed whether the lines most often 
seen in solar storms and in spots are those which are common to two or more metals, 
and Lockyer concludes that they are. 

Some remarkable phenomena are mentioned by Lockyer in a further communica- 
tion to the Royal Society {Proc. Bog. Soc. xxix. 1879, 266). A spark is passed through 
a vacuum tube ; below one electrode a piece of sodium is gradually heated. At first 
a- yellow glow is seen between the electrode and the metal, the glow giving the yellow 
sodium line. As a greater quantity of sodium-vapour is volatilised, the yellow glow 
rises, and a brilliant leaf-green glow now adjoins the metal. The leaf-green glow 
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gives the red and green lines of sodium without, the yellow lines. In a similar way, 
the yellow-green lines of potassium coxild he seen without the red. 

0 , Spectra of Compound Bodies. An important communication on the 
spectrum of the flame of hydrogen was sent on June 16, 1880, to the Royal Society hy 
Mr. Huggins (Proc. 'Roy, Soc. xxx. 1880, 676). Photographs of the spectrum given 
by a non-luminous flame of hydrogen showed a strong series of hands in the nltrar 
violet lying between wave-lengths 3062 and 3276. This spectrum is in all probability 
a spectrum of water. The spectrum was also found to be present in the blue cone of 
an ordinary blowpipe flame. Liveing a. Dewar (ibid, xxx. 1880, 680) independently 
discovered the same spectrum, and found it to be present when a spark was taken in 
moist gases. 

In the year 1878, Liveing a. Dewar (ibid, xxviii. 368, 474) mentioned that a spark 
taken between magnesium poles in hydrogen showed some lines which were not present 
when the spark was taken in an atmosphere of nitrogen or carbonic oxide ; they 
ascribe the spectrum to a combination of hydrogen and magnesium. Their first com 
munication left it rather doubtful whether the line was nob simply due to the lower 
temperatipe of the spark in hydrogen, hut the more detailed account of their experi- 
ments (ibid. XXX. 1880, 93) leaves no reasonable doubt that the presence of hydrogen 
is necessary to the formation of this spectrum. 

Liveing a. Dewar (ibid, xxviii. 1879, 352) discovered a hand 5700 to 5175 which 
seems to be due to a compound of potassium and carbonic oxide. 

The Proceedings of the Cambridge Philosoj^Ucal Society (iii. 96) contains a drawing 
of the spectrum of calcium fluoride obtained when a fluor moistened with hydrochloric 
acid is heated in the flame of a Bunsen burner. The drawing differs somewhat from 
that given of the same spectrum by Mitseherlicli (Phil. Trans, clxvii. 1876, 207). 

As regards some theoretical questions, especially with regard to the formation of 
double spectra, we must refer to two papers by E. Wiedemann ( Wied. Ann. v. 500 ; viii. 
202), who has described in the latter paper some experiments made for the purpose of 
deciding whether heat is absorbed or given out the moment a gas chnugos its spectrum. 
In the case of hydrogen it was indeed found that an absorption of heat took place 
when the band-spectrum changed into the line-spectrum, and that the amount is 
independent of the cross-section of the vacuum-tube containing the hydrogen, and also 
of ^ the pressure. Unfortunately the band-spectrum of hydrogen is one of doubtlul 
origin, many spectroscopists ascribing it to an impurity of hydroairbons. Wiede- 
mann will, however, no doubt extend his observations to other gases which possess 
undoubted double spectra. 


II. Absoeption-spbctea 

a. iVbsorptiou-spectra of Vapours. We have had in the last few years 
three maps of the absorption-spectrum of bromine. One by Boscoo a. Thorpe (Phil, 
Trails, clxvii. 1876, 207), one by Moser (Pogg.Ann. clx. 1877, 177), and apparently 
the best and most accurate one by Hasselberg (Mkn. de St. PH. xxvi. 1878, 4). 
Boscoe a. Thorpe’s map extends, however, further into tlie red than the other two. 
Moser investigated the changes seen in the spectrum when the vapour is heated. 
►Some of the bands^ seem to disappear and to he replaced hy others. Hasselberg, in 
the same paper, gives us a very accurate set of measurements of the absorption- 
spectrum seen when white light is sent through the vapour of nitrogen totroxido. 
Moser also investigated the changes in this spectrum, and finds that three hands near 
C disappear at a high temperature. It seems likely that these bands are due to the 
more complex molecule N-0'* which we know to be broken up when the temperature is 
raised. 

The absorption-spectra of metallic vapours were examined by Liveing a. Dewar, 
and the results were communicated in a series of papers to the Boyal Society (Proc 
Roy. Soc. xxvii. 132, 350,^ 494 ; xxviii. 352, 367, 471 ; xxix. 402). At first the sub- 
stances were heated up in an iron tube, and the continuous spectrum sent out hy 
the tube was used as background against which the reversals were observed. In 
order to obtain higher temperatures, the iron tube was replaced in the later experi- 
ments by crucibles of lime or carbon, and the substances were heated either in a jet of 
the oxyhydrogen flame or later by means of the voltaic arc derived from a dynamo- 
electrie machine. The following is a short summary of the results which were 
obtained : 

Sodium. In the iron tube the channelled spaces described by Boscoe a, Schuster 
were seen, but it was pointed out that the green line (5510) was not coincident as 
assumed hy them with the double green sodium line. In the later experiments with 
nigher temperatures, all the lines except one pair given by Thalen as belonging to 
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sodium were seen reversed, and the order in which they appeared was as follows : 
The double yellow line, the pair at 6687, the pair at 4983, the pair at 4670, and finally 
the double red line at 6160. It is curious that the pair at 5154 has not -been seen re- 
versed. The pair at 4670 is not given by Thalen at all, but by Lecoq deBoisbaudran. 
A mixture of magnesium and sodium gave a band at 5300, which was seen only in 
this mixture. 

Potassimi . — In the iron tube the channelled spaces appeared in the green ; but 
those in the red observed by Eoscoe a. Schuster were not seen. There can be little 
doubt however that they do exist and really belong to potassium. The dark line at 
5730, Liveing a. Dewar proved not to be identical with the potassium line near it, as 
assumed by Eoscoe a. Schuster. No line'^of potassium was reversed in the iron tube ; 
but a mixture of potassium and magnesium gave two dark lines in the red (6580, 
6475) which could not be traced either to potassium or to magnesium, but appear only 
when‘ the two metals are present together. At higher temperatures the lines of 
potassium make their appearance. 

Lithium . — Lithium gave no results in the iron tube, but when the chloride was 
introduced together with metallic sodium and potassium, the red line was seen reversed. 
At higher temperature the green line was seen reversed. 

Buhidium . — Eubidium chloride heated in a glass tube with sodium shows the 
reversal of the two violet lines. At higher temperature the less refrangible of the 
two red rays is also reversed. 

Ccssium , — Caesium chloride heated in a glass tube showed the two blue lines. 

Magnesium showed in the iron tube in an atmosphere of hydrogen the reversal 
of 6, and the spectrum which has been already mentioned was traced to a com- 
pound of magnesium and hydrogen. At higher temperatures the other metallic lines 
appear, with the exception of 4481, which was not seen, but on the other hand a new 
line at 4354 was seen reversed. 

In a similar way the absorption-spectra of the vapours of barium, calcium, 
strontium, silver, galHum, lead, zinc, cadmium, bismuth, copper, iron, and manganese 
are described. 

Absorption-spectra of Aiiiuids. The study of the absorption-spectra of 
liquids is daily gaining more importance. As, however, the absorption-spectrum of a 
salt often varies with the solvent, and even with the presence of other bodies, great 
care is necessary when the spectroscope is used in qualitative analysis. In some cases, 
however, the instrument may give much information. H. W. Vogel {Ber, d. Chm. 
Ges. 1876, ix. 1641), for instance, shows how small traces of alumina or magnesia 
may be traced in solutions. For this purpose Vogel makes use of the action of pur- 
purin on these bodies. An alcoholic solution of purpurin shows an absorption over 
F and one between 6 and E. If the solution is alkaline, a band appears between E 
and D ; this is to be avoided, which can be done by adding a small quantity of lime- 
water to the solution. If to this solution a liquid containing small quantities of an 
aluminium salt is added, tw'o very characteristic bands appear, one between E and 
D and one between F and 6. Salts of magnesia show bands in nearly the same 
position, but magnesia bands disappear on addition of a drop of acetic acid, while 
the bands which ace due to alumina remain. Vogel (ibid. 1875, 1533) also shows 
how manganese, chromium, cobalt, imanium, and iron can under certain circumstances 
be recognised by means of the spectroscope. 

Chromium compounds. Erhard has subjected some of the salts of chromium 
to a careful investigation. He describes tlie absorption-spectrum of crystals of 
chromium-potassium sulphate, and finds it to be identical with that of chromium 
ammonium sulphate. It is characterised by some absorption-bands in the red more 
refrangible than C. The remainder of the spectrum is the same as that of the solu- 
tions of the salt, exhibiting strong continuous absorption in the blue, but partial trans- 
mission of the violet. C&omic chloride differs from the other salts by transmitting 
light between E and G, ' The red oxalate of potassium and chromium transmitted 
oSy the red. The blue oxalate gave an absorption baud in the red, and transmitted 
aome of the blue and violet. 

The absorption-spectra of the solutions of the alums, of chromium sulphate, and of 
the chloride and nitrate resemble each other, and transmit more light than a solu- 
tion of the oxalates, tartrate, and acetate. Professor Soret has paid some attention 
to the absorption-spectra of the chromates sc.^hys.Nat. 1878,1x1.322), 

and has traced them into the ultra-violet by means of his spectroscope with fluorescent 
eyepiece. He finds the spectra of the chromates of potassium, sodium, and ammonium, 
of the diluted bichromates of potassium and ammonium, to be identical. Chromic acid 
showed the same spectrum less distinctly. 
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■ Biscovery of new elements. The spectroscope has played an important part 
in the discoyery of some new earths from the minerals gadolinite and samarskite. 
Marignac had been led to the discovery of a new element which be called yttcrUum, 
He gave some of his preparations to Soret, who after examination came to the con- 
clusion that at least one other element was present besides {Compt. rend. 1878, Ixxxvi. 
1062). This element gave some very characteristic bands, especially in the ultra- 
violet. The hands were not dne either to any previously known elements, or to the 
newly-discovered ytterbium, which gives no characteristic absorption-bands (its 
emission-spectrum was mapped by Lecoq de Boisbaudran ; Compt. rend. 1879, 
Ixxxviii. 1342). This new element Soret only called X, as ho considers it to be 
identical with one the discovery of which had been announced by Delafontaine, to 
whom he consequently left the choice of a name. Subsequent researches have con- 
firmed this supposition, and the element was named by its discoverer philippium. 
CUve independently discovered its existence by means of the spectroscopic evidence, 
and called it kolmium, but afterwards acknowledged Soret’ s priority. 

Soret, and after him CUve, also found some remarkable variations in the intensity 
of a ted absorption-band (\= 684), and suggested the possibility of the existence of a 
distinct element, for which the name of thulium was suggested by Ol^ve ; Soret, 
■however, who has the priority of the discovery, did not consider the evidence 
sufficiently strong as yet to justify his giving any name to this element, the existence 
of which though probable is not proved. 

Helafontaine {Compt, retid, 1878, Ixxxvii. 632) also thinks he has obtained 
conclusive evidence of the existence of another earth, dedpium^ which is characterised 
by two hands (A. = 416 and x = 478), and Lecoq de Boisbaudran i^id. 1879, Ixxxix. 
212) has obtained an absorption-spectrum which he considers to be due to an element 
diflTercnt again from deeipium, which he calls samarium. It scorns certain that 
the products examined by Helafontaine and Lecoq do Boisbaudran contain a new 
substance, but also that they contain somothing in common. Whether samarium 
is identical with deeipium, or whether they are mixtures in unequal quantities 
of a new body with a known one, or of two new bodies, it is as yet impossible 
to say. 

Stelationsliip 1)etwee]i different spectra. We have to note some important 
investigations on the question whether an element preserves its absorbing properties 
when combined with another, and whether substances having a similar cliomical con- 
stitution present analogies in their spectra. Grladstono and Miller had previously 
given their attention to this question, and found that acids and bases preserved their 
absorbing powers when combined together. This result has been confirmed by Soi'ct 
{Arch. so. phys. Nat. 1878, Ixi. 322), who finds that, if acids transparent to the ultra- 
violet rays combine with transparent* bases, the compound is also transparent ; but an 
acid which absorbs certain parts of the spectrum will also absorb it when combined 
with a transparent base. A very curious confirmation of this law is derived from a 
study of nitric acid and the metallic nitrates, which all begin to absorb the ultra- 
violet rays at .the same limit, and have a maximum of absorption for a wave-length of 
about 3000 tenth metres. More recently Soret has examined, jointly with Billiet 
{Co7npt. rend. 1879, Ixxxix. 747), the absorption-spectra of the alcoholic nitrates and 
nitrites, and finds that, although the place where the general absorption begins is much 
the same as in the metallic salts, nevertheless some of the chaructoristic properties 
disappear. Hence Soret a Billiet conclude that the alcoholic nitrates have a 
chemical constitution different from that of the metallic salts. 

Hartley a. Huntington (PM. Tracis. 1879, clxx. 257), in along and careful 
work, have examined the question of relationship of spectra in similarly constituted 
bodies. They have arrived at the following conclusions : 

(1) . The normal alcohols of the series C”H^”^OH, are remarkable for transparency 
to the ultra-violet rays of the spectrum, pure methylic alcohol being nearly as much 
so as water. 

(2) . The normal fatty acids exhibit a greater absorption of the more refrangible 
rays of the ultra-violet spectrum than the normal alcohols containing the same 
number of carbon-atoms. 

(3) . There is an increased absorption of the more refrangible rays corresponding 
to each increment of CH* in the molecule of the alcohols and the acids, 

(4) . Like the alcohols and acids, the ethereal salts derived from them are highly 
transparent to the ultra-violet rays, and do not exhibit absorption-bands. 

They have also examined substances containing the benzene-nucleus, and obtained 
the following results : 

(1). Benzene, and the hydrocarbons, alcohols, acids, and amines derived therefrom 
are remarkable — first, for their powerful absorption of the more refrangible rays ; 
secondly, for the absorption-bands made visible by dissolving them in water or 
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alcohol ; and thirdly, for the extraordinary intensity of these absorption-bands — that is 
to say, their power of resisting dilution. 

(2) . Isomeric bodies containing the benzene-miclens exhibit widely dijfferent 
spectra, inasmuch as their absorption-bands vary in position and in intensity. 

(3) . The photographic absorption-spectra can be employed as a means of identify- 
ing organic substances, and as a most delicate test of their purity. The curves 
obtained by co-ordinating the extent of dilution, or, in other words, the quantity of a 
substance, with the position of the rays of the spectrum transmitted by the solution, 
form a strongly-marked and highly characteristic feature of very many substances. 

Hartley has since extended his experiments, and seems to have come to the conclu- 
sion that no carbon-compound will give distinct absorption-bands unless it contains 
three pairs of carbon-atoms doubly linked together. 

Influence of tJm Solvent on the Position of Absorjption-^hands , — ^Kundt discovered 
that, if a body showing characteristic absorption-bands is dissolved in difiFerent liquids, 
the bands are sometimes slightly shifted towards one or the other end of the spectrum. 
In his latest and most complete investigation {Wied. Ann. 1878, iv. 34) he examined 
chlorophyll, aniline green, 'cyanine, fuchsine, quinizarin, and the yolk of egg, dissolv- 
ing these bodies in the following substances : methylic alcohol, water, ether, acetone, 
ethyl alcohol, amyl alcohol, chloroform, benzene, toluene, oil of cassia, and bisulphide 
of carbon. The general result was that if two solvents have diffusive powers which 
differ much, the one with the . greater dispersion will show the absorption-band dis- 
placed towards the red. If the liquids have approximately equal dispersive powers, 
the results are not the same for all bodies, and no general rule can be given. A paper 
by Glees (ibid. 1878, iii. 389) will also give some useful experiment^ facts, but his 
discussion is vitiated by a serious error in the theoretical part. 

in. Application op Spectrum Analysis to Astronomy. 

Owing to the calm state of the solar surroundings in the last few years, solar 
physics has not advanced so rapidly as it otherwise wonld have done. Considerable 
progress has however been made in some of its branches. We have had several new 
maps of the solar spectrum. In the visible part, Dr. H. C. Vogel, of the Potsdam 
Observatory, has in the fh’st publication of that institution given a map on a larger 
scale than Angstrom’s, reaching from the green into the violet. Prof. Piazzi Smyth 
(Trans Boy. Soo. Ed. xxix. 285) has also carefully remeasured the visible part of the 
solar spectrum from A to H. He does not give a map, but gives symbolical repi’e- 
sentations of the appearance of each line, together with its measurement, which is re- 
duced to wave-numbers in British inches ; that is, the number of waves contained in 
a' British inch. Cornu (Ann. Eg. Nom. iii. 421, ix. 21) has taken comparisons of the 
ultra-violet regions of the solar spectrum with the metallic lines, and he has carefully 
drawn up a map of Angstrom’s scale of wave-lengths. Most of the ultra-violet lines 
which have been identified by him belong to iron and nickel, but some also to man- 
ganese, magnesium, and sodium. Abney (Proa. Boy. Soo. xxx. 67) has succeeded in 
preparing silver bromide which absorbs the red and ultra-red rays, and is sensitive 
to these rays. In the Bakerian Lecture for 1879, Abney has explained his methods 
(the full paper will appear in the forthcoming volume of. the Philosophical Trans- 
actions) and the apparatus by means of which he has been able to obtain photographs 
of the spectrum as far as A — 10750 tenth metres, thus extending our knowledge of the 
solar radiation through nearly a whole octave. 

Two total eclipses of the sun, one in 1875 and one in 1878, fell into a time 
where sun-spots were very rare and the solar corona in a very quiet state. The first- 
mentioned eclipse was observed in Siam (Trans. Boy. Soo. 1878, Part I.) Photo- 
graphs were obtained of the corona, which was symmetrical, round an axis nearly, if 
not entirely, coinciding with the solar axis. Photographs were also taken with a 
camera having a prism placed in front of the object-glass. The image of the corona 
was drawn out into a band showing that nearly the whole of its light gave a con- 
tinuous spectrum. The prominences, on the other hand, gave distinct images corre- 
sponding to the hydrogen line F and near Gr. The strongest image, however, was in 
the extreme violet, near H. This image was very likely due to a hydrogen line, 
which has since been discovered to coincide with H. The eclipse of 1878 was observed 
by many astronomers in America. » Photographs oi the corona were taken by the 
Washington observers, which will most likely prove to be more perfect than any we 
have hitherto possessed. The corona much resembled that of 1876. Its spectrum was 
chiefly continuous, the bright green line not being very conspicuous. Draper’s party 
observed the dark Fraunhofer lines in the spectrum of the corona. 

Considerable interest was aroused by Draper’s (Aniet\ Phil. Soc. 1877) announce- 
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ment that he had discovered, by means of photography, bright linos in the violet part 
of the spectrum, which corresponded with the bright lines of the oxygen. Copies of 
his photograph accompanied the paper. Just those observers, hov'ever, who were 
accustomed to work with instruments of greater power thau those generally in use, felt 
rather doubtful as to Draper’s conclusions. The existence of bright lines in the solar 
spectrum has often been mentioned. But when such an apparently bright lino is 
examined with instruments of high power, it is generally found to be due to an effect 
of contrast. Dark lines closely ruled together, which could not be resolved with the 
lower. dispersion, now appear on either side. Those dark lines fuse together if the 
dispersion is insufficient, and make the interval between them appear brighter than 
the general background. It was and still is hold by several observers (Christie, 
Monthly Notices, N. A. iS.) that Draper’s bright lines are due to tliis cause. It must 
however be urged, on behalf of Draper, that, granting the existenee of those bright 
lines, it is quite possible that they should come out better with smaller dispersive 
powers ; for the lines of oxygen we know would not be sharp, and high powers might 
easily draw them out into bands of such width and decreased intensity that we might 
notffailto detect them. Draper (H. C. Vogel, Ohsermtions at thel^otsdam Observatory, 
vol. I.) has since his first publication repeated his experiments mth more powerful 
apparatus, and his photographs obtained have convinced many observers, whose 
opinion is entitled to much weight, of the justness of his conclusions. But the 
question will most likely not be settled to the general satisfaction of spectroscopists 
until photometric measurements have shown that these bands are really brighter than 
the other parts of the spectrum. 

An important step has been made by Huggins, who has succeeded in obtaining 
admirable photographs of the spectra of some of the stars. The following quotation 
(JProc. Boy. Soc. xxx, 21) will show the extent and some of the results of the work. 

‘Photographs have been obtained of the stars Sirius, Vega, a-Cygni, a-Virgiiiis, 
7 j-Urs 3 a Majoris, a-Aquilae, Arcturus, )8-?egasi, Botolgeux, Capolla, a-Horculis, and 
a-Pegaai ; also of the planets Jupiter, Venus, and Mars, and of the different parts of 
the moon. 

‘The spectra of Sirius, Vega, a-Oygni, a-Virginis, Tz-Ursa; Mnjoris, a-Aquilse, and 
Arcturus, are laid down in a map on the scale of Cornu’s mn,p of the ultra-violet 
part of the solar spectrum. 

‘ The stellar spectra extend from about G to 0 in the ultra-violet. The stars of 
the white class are arranged so as to exhibit, first, the remarkable spectrum typical of 
this class, and then some of the modifications it appears to undergo. 

‘ The typical spectrum of this region of this class consists of twelve strong linos 
winged at the edges. The continuous-spectrum extends in the photographs beyond 
S, but no lines are seen more refrangible thau the twelfth line 3(599. Two of these 
lines agree in position with the hydrogen line (y) 4340, and the other line at h, , The 
third line agrees with The remaining nine form a group, in which the distance 
between any two adjacent lines is less as the refrangibility increases, suggesting that 
they are connected with each other and represent probably one substance. 

‘A very suggestive modification presents itself in the difforonco of the 
ebaraefcer of the line Hn. In these stars this lino is either absent or very thin as 
compared with its appearance in the solar spectrum. Iii the spectrum of Arcturus, 
which belongs to the solar type, this line exceeds in breadth and intensity its con- 
dition in the solar spectrum. The white stars may, therefore, bo arranged in a series 
in which the line Hg passes through different stages of thickness, at the same time 
that the typical lines become narrower and more defined, and other finer lines present 
themselves in increasing numbers. Arcturus seems to present a spectrum on the 
other side of that of the sun in the order of change from the white-star group.’ 

H. VT. Vogel {Nature) has taken photographs of the spectrum of hydrogen, and 
has been able to identify several of the lines which appear on Huggins’ photographs 
of the spectra of white stars with hydrogen lines, especially the line which is apparently 
coincident with Hj, 

A. S. 

SPEZtCrtriiXZa'. a fluorescent body, occurring in the seed-coverings of Spergula 
vulgaris and 8. maxima, and produced at the time when the seeds blacken and arc 
nearly ripe. It has not been obtained in crystals. It is very soluble in ethyl alcohol, 
both anhydrous and aqueous, also in methyl alcohol, less soluble in amyl alcohol, 
nearly insoluble in ether and in petroleum. Strong sulphuric acid dissolves it, forming 
a dark blue liquid. Its solution in common alcohol, when viewed by transmitted 
light, appears nearly colourless with a shade of olive -green, but by reflected light it 
exhibits an intense dark-blue fluorescence, which remains permanent more than a year 
if the liquid be kept in darkness, but is rapidly destroyed in sunshine, and more 
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slowly in diffiised daylight. Small quantities of alkalis and alkaline carbonates added 
to the alcoholic solution transform the spergulin into a body exhibiting an emerald- 
green fluorescence ; the alcoholic solution gives a precipitate with acetate of lead. 
An alcoholic solution of spergulin (1:8) exhibits strong absorption, almost wholly in 
the violetj differing considerably in this respect from chlorophyll, phyllocyanin, and 
phyiloxanthin. 

Spergulin gives by analysis 61*85 per cent carbon and 7*05 hydrogen, agreeing 
approximately with the empirical formula It appears to be related to chloro- 

phyll, and is perhaps closely allied to phyllocyanin. It may be regarded as a weak 
acid which exhibits bine fluorescence in the free state and in its acid salts, green 
fluorescence in its neutral salts, and none at aU in its basic salts (0. 0. Harz, Ohem. 
Cmtr. 1879, 24:). 

SPSSSiLRTZ3Br. A variety of garnet from St Marcel in Piedmont (p. 846). 

SPHJESROCOSAXTZTE, or Gohalt-sjpar, is a native carbonate of cobalt belong- 
ing to the calcspar-group, black on the outside, red within ; occurring, together with 
rosalite, in the Daniel Mine near Sehneeberg. After deducting the iron as limonite, 
the analytical values (A) lead to the formula CoCO®, the numbers calculated from 
which are giren under B : . 

CoO CaO C0» H“0 

A. 68*86 1*80 3*41 34*65 1*22 = 99*94 

B. 63*06 — — 36*94 — = 100 

(C. Winkler, J. pr. CJiem. [2], xvi. 89). By examination with the microscope, 
A. Weisbach found the small spherical masses to consist of rhombohedral crystals 
E.OE. Sp. gr. = 4*13 {Jahrh.f. Min. 1877, 409). ' 

SPBJEROXiZTX:. A volcanic glass from the lava of Autisana (sp. gr. 2*386) 
analysed by G-. vom Eath {Zeitsclir. geoL Ges. xxvii. 295), with the following res^s ; 

SiO» A1=0» Fe^O* CaO MgO Na’O n=0 

77*01 12*90 1*88 0*21 0*29 7*26 0*45 = 100 

SPKJEROSZBSRXTE. This mineral occurs in a tertiary clay at Stein iu 
Carinthia, in small globules mixed with sand, and containing, besides traces of man- 
ganese, water, and organic substance : 

FeCO* Fe^O» OaCO* MgCO* Insoluble 

72*96 2*03 9*68 3*18 11*94 = 99*79 

(F. Ullik, Mill. Mittk. 1873, 231). 

Manganiferous sphaerosiderites from Hungary have been analysed by Schrdekinger 
a. Dietrich {Mm. Mittk. 1877, 114). 

1-3. From Felsobanya : dirty-white or yellowish-brown globules, on antimony- 
glance or heavy spar. 4. From Kapnik : grey or yellowish stalactites -wdth con- 
centrically scaly texture : 


FeCO’ 

MiiCO» 

CaCO* 

MgCO» 

H»0 


53*07 

44*36 

1*15 

1*49 

=: 

100*07 

46*64 

38*07 

9*96 

4*78 

= 

99*45 

62*12 

27*76 

7*05 

2*41 

_ 

99*34 

56*84 

39*84 

0*55 

1*29 

0*67 = 

99*19 


SPXATJTBXtXTE. A variety of zinc sulphide. See Zikc. 

SPXBGEXiEXSBIf. Manganiferous cast-iron, in which the proportion of mai> 
ganese does not exceed 26 per cent. See Ibon Metalluegy (pp. 1108-1111). 

SPXIflrEXi. The spinel of Tiriolo in Calabria is opaque, dark greenish-blue, 
faintly lustrous, and brittle with irregular fracture. Sp gr. 3*7 at 12°. Its 
analysis gave : 

A1=0“ ZnO MgO FeO Sb“0’ 

63*64 21*28 12*34 4*53 0*34 = 102*13 

agreeing nearly with the formula (Zn,Mg,Fe,)APO^ (Munro, ckim. Hal. ix. 70). 

Spinel occurs abundantly in the dolomitie limestone of Svinetie in the Bohmerwald 
(Helmhacker, Min. Mittk. 1873, 275). 

On pseudomorphs of Spinel after Corundum, see Corundum (p, 570). 

Artificial Formation. — J. Aumann (Chem. iVews, xxxviii. 108) has obtained crystals 
of magnesium aluminate, MgAPO^ in regular octohedrons which scratched glass 
readily, by igniting magnesia packed in a crucible of hard carbon and having a lump 
of aluminium imb^ded within it. 

SPZRJBil.. According to Hietzki {Arch. Fharm. [3], iii. 429), the ethereal oil 
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of meadow-sweet (<Sp. ulmiTia) contains not salicylic aldehyde ,as stated by Wicke 
(v. 167), but a mixture of a‘ hydrocarbon with a salicylic ether, probably methyl 
salicylate. 

On the Carbohydrate obtained from this plant, see Sinistrin (p. 1802). 

STABEXiBR’S SXitTXS. Stadeler obtained ^ this colouring matter by heating 
1 mol. azobenzene with 2 mols. aniline hydrochloride at l70'^-230° (vi. 270). A 
similar compound, having the composition of triphenylene-diamine, is pro- 

duced, together with sal-ammoniac, by heating 2 mols. aniline with 1 mol. nitrobenzene 
and dry hydrochloric acid in sealed tubes for six hours at 230°; also by heating 
diphenylamine with nitrobenzene and dry hydrochloric acid at 230°, and by the action 
of dry hydrochloric acid on azodiphenyl bine at 216°. 

STAlSrWOXSOBtTTYIi-COiaPOlTWBS. See JSuTYL -COMPOUNDS (p. 358). 

STAITN’OBBOPYB-COMIPO’srwrBS. A number of these compounds, obtained 
hy Cahours, have already been described (vii. 1014). 

Stannotetrajpropylj Sn(O®H0^ is prepared by heating stannotripropyl iodide with 
zinc-propyl : 

2Sn(CsH7I -f- Zn(C®H0" = ZnP + 2Sn(C3H’)«. 

When separated from the product by potash-solution, it forms a colourless mobile 
liquid, having a pungent ethereal odour, a density 1*179 at 14°, and boiling at 222°- 
226°. When gently heated with nitric or sulphuric acid, it is strongly attacked, with 
formation of crystallised products, probably salts of stannotripropyl (Oahours, Cornet, 
rend. Ixxvi. 133). 

STARCH, On the formation of Starch in Chlorophyll-granules, see 

Plants (p. 1644). 

On the occurrence of Starch in Egg-yolk, see Eggs (p. 704). 

Composition of the StarcJtrgranule (Brown a. Heron, Chem. Soc* J. xxxv. 610). 
Starch-granules are built up of distinctly stratified layers, mainly consisting of a 
substance designated by 0. Niigeli^as gran u lose. The outer layers are for the 
most part denser than those nearer to the nucleus, and increase from without inwards 
in the amount of water which they contain. Every part of the granule contains, 
besides granulose, a small quantity of another substance, very closely allied to 
granulose, and distinguished by recent observers as starch - cellulose. The outer 
layers, which consist mainly, if not wholly, of this latter substance, are the oldest in 
point of growth, the starch-granule increasing by intussusception, i.e., the formstivo 
material, absorbed from without during the growth of the starch-grains within the 
protoplasm of the plant cell, is deposited between the already existing particles in the 
direction of the surface of the layers (Niigeli). To the presence of this protective 
coating of cellulose is to be attributed the fact that starch-granules when intact are 
absolutely unacted upon by cold water. Although water is absorbed to a very large 
extent by the granulose, none of this substance, which is to the highest d(*gree 
colloidal, is able to diffuse into the surrounding medium. Wlien, however, the outer 
layer of the granule is ruptured by attrition, the contents become much swollen from 
absorption of water, and a small quantity of matter having all the properties of soluble 
starch goes into solution. By repeated treatment of the ruptured starch-grains with 
cold water, the greater part of the granulose may he removed, most of the cellulose 
being left behind in the form of extremely thin layers, which, unlike the granulose, 
acquire, when treated with iodine, only a dirty yellow colour. Granulose itself, and 
water which has been only fora short time in contact with it, are coloured deep indigo- 
blue on addition of a solution of iodine, Er. Schulze (Henneberg’s Joum* Landwirth. 
New Ser. vii. 214) has obtained starch-cellulose by digesting starch for several days 
at 60° with a saturated solution of common salt containing 1 per cent, of hydrochloric 
acid. Nageli also obtained the same substance by acting on starch at 46°-65° with 
saliva, which contains an active agent (ptyalin) capable of attacking and dissolving 
only the granulose. Lastly, Fitz {JBer, x. 282) has recently observed that certain 
schizomycetes easily ferment the granulose of starch-paste, but leave the starch- 
cellulose unattacked. 

The action of malt-extract on starch-paste in the cold affords a ready means of 
obtaining the cellulose of the starch-granule in large quantities. When a starch-paste 
containing from 6 to 6 grams of starch per 100 c.c. is treated, when quite cold, with 
about one-tenth of its volume of freshly prepared normal malt-extract, the mixture 
becomes perfectly limpid in from four to eight minutes, and can then be easily filtered. 
The flocculent matter left on the filter, after being freed from malt-extract and the 
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products of transformation of the grannlose, by washing with cold water, consists of 
the S0“Cailed starch-cellulose. The filtered liquid, at first perfectly bright, becomes 
turbid in a few minutes from the separation of a further quantity of fiocculent matter, 
which does not appear to differ, except in want of structure, from that previously 
separated by filtration. This further separation of cellulose is due to the fact that 
soluble starch and the higher dextrins, the first products of the action of malt-extract 
upon granulose, are capable of holding some of the cellulose in solution ; as the soluble 
starch and the higher dextrins are broken up, most of this separates in the insoluble 
form. The matter left upon the filter consists of fine laminae still retaining the shape 
of the swollen starch-granules, whilst the precipitated portion is amorphous. 

Starch-cellulose after separation in this way is perfectly insoluble both in cold 
water and in water at 70°-80°, also in solutions of soluble starch or of the higher 
dextrins. That it is capable, under certain conditions, of entering into solution is 
shown, however, by the facts mentioned above, and by the impossibility of preparing 
it with a very dilute starch-paste, «.5., 1 to 1*5 gram per 100 c.c.* 

Insoluble starch-cellulose is not acted upon by malt-extract in the cold, or at a 
temperature of 60° ; the soluble modification appears, however, to be acted upon by 
malt-extract, somewhat slowly indeed in the cold, but rapidly at temperatures from 
60^-70°. 

Boili^ with water converts starch-cellulose to a great extent into soluble starch, 
the solution having ail the optical properties of that body, and yielding the character- 
istic indigo-blue reaction with iodine. After repeated boiling with water and frequent 
washing, there is left a body upon which a continuation of this treatment has no 
further effect. This body, amounting to about one-fifth of the original substance 
acted upon, is readily soluble in a solution of potash, under the action of which it is 
slowly converted into soluble starch on digestion at an elevated temperature. 

Insoluble starch-cellulose evidently consists of at least two substances, one readily 
acted upon by boiling water, and the other not. Both these bodies must be very 
closely allied to granulose, since all these substances, under favourable conditions, 
yield soluble starch as the first product of their transformation. 

"When starch-cellulose is dissolved in liquid potash-solution, the greater part of it 
can be repreeipitated by the addition of acetic acid, or by passing carbon dioxide into 
the liquid. If the alkaline solution is kept at ordinary temperatures and repreeipitated 
immediately with acid, about 30 per cent, is found to have been converted into soluble 
starch. If the solution is digested at a moderately elevated temperature, precipitation 
with acid indicates the formation of a larger quantity of soluble starch. In one case 
digestion for half an hour at 60° resulted in the recovery of only 57*3 per cent, of the 
original quantity of cellulose. 

The specific rotatory power of an alkaline solution of starch-cellulose appears to 
be very variable, but always increases on digestion at a high temperature. The specific 
rotatory power of a freshly prepared solution, calculated on the quantity of carbo- 
hydrate present, is sometimes as low as [a]p-=: 146°, but increases on digestion for a few 
minutes at 60° to [a]y= 173-6°. The rise of angle under these conditions is due to 
the conversion of cellulose into soluble starch. The entire optical activity of the 
solution cannot, however, be due to the presence of this latter substance ; the cellulose 
itself must, when held in solution with potash, exert some effect upon polarised light. 

When potato-starch is transformed under the influence of malt-extract at tem- 
peratures above 45°, cellulose separates out only when the paste is of a high degree 
of consistency, and the malt-extract is deficient in quantity : hence it is evident that 
starch-cellulose, at the moment of its separation from granulose. must under these 
circumstances he readily soluble. 

Starch-paste . — When starch is treated with hot water, the contents of the granules, 
owing to a large absorption of water, swell up enormously, and ultimately ruptxiring 
the outer layer, form a very viscous liquid which is known as starch-paste. Marked 
differences in the viscosity of this paste are produced by slight variations in the treat- 
ment of the starch during the processes of purification and drying. When it has been 
treated with potash and acid, a paste is produced of less viscosity, cceteris paribttSj 
than when no such treatment has been adopted. Great variations in the consistency 
of the resulting paste are also produced by slightly altering the manner of drying the 
starch. Starch which has been dried slowly and at a low temperature always yields 
a more viscid solution than that which has been dried at a higher temperature. As 
the technical value of a starch depends to a considerable extent on its power of pro- 


* NUgeli^a granulose is evidently identical with the amidone of Payen a. Persoz (Ann, Chim. Phys. 
Ivi. 337, 1834), and with Gu6rin Varry’s amidine (A?in. Ohim. Phys. Ivl, 226) ; the amidin Ugvmmtaire 
and amidin soluble of the latter author heing identical with the soluble and. insoluble modifications 
of starch-ceUulose. 



STAEOH 


1820 

ducing a more or less viscid paste, these variations of viscosity may prove to be of 
great importance in the manufactnre of starch. 

The specific, rotatory power of starch in a solution containing 10 grams in 100 c.c. 
for the transition-tint is 207*3°-208-8° at ordinary temperatures, and is increased by 
boiling to 219-5®. The addition of potash to the solution dimnishos the rotatory 
power, which, however, rises again to its original height, or sometimes a little higher, 
when the alkali is neutralised with acetic or carbonic acid. 

Soluble Starch. DeljBFs in 1859 i^ogg^ Ann. cix. 648) described a method of 
preparing a solution of starch by prolonged trituration of starch with sand and a 
quantity of cold water sxifficient to convert the whole into a rather thin paste, and 
leaving it at rest for twenty-four hours, so that the suspended particles might settle 
down and not stop the filter. He found that the solution thus obtained difibred in its 
reactions from those of dextrin, especially in giving a blue colour with iodine, and 
supposed that it contained a peculiar soluble modification of starch, for which he pro- 
posed the name amylogen, Fliickiger {Zeiischr. Ch. Phmvn. 1861, 104) prepared a 
similar solution by drenching starch-grains with a concentrated solution of calcium 
chloride, assisting the action by frequent agitation. On decanting the calcium chloride 
solution from the resulting gummy mass, and agitating the latter with 100 to 150 
times its weight of water, a stiff jelly was obtained, and with a larger quantity of 
water, a clear filtrable solution which was turned bine by iodine, and exhibited all the 
characters of the amylogen solution described by Helffs. 

According to Musculus, on the other hand (Bull. Soc. Chim. [2], xxii. 26 ; Ami. 
CHm. Phys, [5], ii. 385), the so-called amylogen is not actually soluble in water, 
inasmuch as its concentrated solutions stop up a filter, and the compound precipitated 
from it by alcohol and dried is no longer soluble in water even at the boiling heat ; 
he supposes that the amylogen still retains the original structure of starch. Truly 
solnhU starch, free from organised substance, is obtained by boiling ordinary starch 
with very dilute sulphuric acid, saturating the solution with chalk, and evaporating 
to a syrup. This syrup, after long standing, deposits extremely small granules which 
gradually increase in size ; and on pouring off the syrup, washing the residue with 
cold water, dissolving it in hot water, and precipitating the amylogen with a little 
alcohol, the remaining solution yields on evaporation a perfectly white mass, which is 
insoluble in cold water, but dissolves readily in water at 60°, and does not separate 
out ^ain on cooling. The residue left on evaporating this solution, or the precipitate 
obtained from it with alcohol, redissolves completely in warm water. On cooling tlio 
solution to a low temperature, the dissolved starch settles down completely as a thick 
sediment exhibiting the same relations of solubility. If contaminated with dextrin 
or glucose, it no longer exhibits its peculiar characters. It does not exert a reducing 
action. Its rotatory power is four times as great as that of glucose. Biesbase acts 
upon it in the same manner as on ordinary starch, but more quickly. Its dilute 
solutions arc coloured red by iodine, strong solutions violet, Moderately strong 
solutions, mixed with a quantity of iodine sufficient to give them a dark rod-browm 
colour, assume, when evaporated in the air, a violet, and finally a blue tint, which, on 
dilution with water, changes again to violet and then to red. Calcium chloride throws 
down from the red solution a blue precipitate, apparently not identical with ordinary 
iodide of starch. 

Bondonneau (Compt. rend. Ixxx. 671) has prepared amylogen according to the 
process of Musculus, and finds that the syrup, if dried before the granular mass 
described by Musculus has separated out, is at first completely soluble in xvator, but 
afterwards only partially. Hence it seems probable that the body insoluble in water 
does not pre-exist in the starch, bnt is formed only in the viscid liquid. Moreover, 
this substance is produced only in those syrups which are turned violet by iodine, not 
in those which are coloured red. Amylogen prepared by the action of dilute acids or 
alkalis, or of water under increased pressure, is translucent after drying, and dissolves 
for the greater part in hot or cold water, provided it be first very finely divided, com- 
pletely, however, though with various degrees of facility, in solution of sodium car- 
bonate or zinc chloride. Amylogen prepared with sodium carbonate, and subsequent 
neutralisation with an acid, dissolves readily in cold water, but becomes almost in- 
soluble therein, and very difficultly soluble in hot water, after the mass has been 
pressed. In the dialyser, dissolved starch behaves exactly like a colloid substance ; 
and this circumstance affords an explanation of an experiment made by Payen, in 
which a filter cut out of a hyacinth-bulb was found to separate starch completely 
from its solution, the bulb, in fact, acting as a dialyser. The action of acids and 
alkalis on the starch-granule — from which, in its perfect state, water does not extract 
anything—depends upon their degree of concentration, and on the final rupture of the 
celluloBe-coating,*the starch in the interior being then easily dissolved. 
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Oxidation , — The action of -various oxidising agents on soluble starch, prepared 
with nitric acid, has been studied by Reichardt {JBer, viii. 1020). Potassium per 
raanganate in acid, neutral, or alkaline solution, also chromic acid, chlorine, and 
cuprous oxide, give rise to humous substances ; dilute nitric acid, to carbonic and 
oxalic acids ; bromine and silver oxide, to dextronie acid (vii. 424), 

Puming nitric acid converts soluble starch into a Tnononitro^erivative, C®H®(N02)0®, 
which appears to differ from the corresponding compound prepared in like manner 
from ordinary starch by its solubility in boiling alcohol and in ether. Reichardt 
finds that 1 pt. of soluble starch requires for solution about 40 pts. of water at 20*^. 

On the Fermentation of Starch under the influence of Schizomycetes, see Fer- 
mentation (p. 777). 

Reactions of Starcli with Iodine. A. Vogel (A. Bep. Bharm, xxii. 349 ; 
XXV. 565) draws attention to the fact— observed also by others — that diy starch is 
coloured blue by a weak alcoholic tincture of iodine, but not by a solution of iodine in 
absolute alcohol, or even in alcohol of sp. gr. 0-880 (66 p. c. by weight). Further, 
the decoloration of a solution of starch iodide by sunlight, or by heat takes place more 
quickly in dilute than in concentrated solutions. If the heating has been continued 
for a short time only, the blue colour reappears on cooling ; but if the heating has 
been prolonged, the colour is restored only on addition of nitric acid, chlorine, &c. 
On heating the solution, iodine escapes at &st, but its evolution does not continue, 
and even a solution which has been completely decolorised by boiling and evaporated 
to ^yness is still found to contain iodine. The decoloration appears to depend u|^n 
the fact that the iodine is converted into a mixture of iodic and hydriodic acids, which 
subsequently act upon one another in such a manner as to liberate iodine. 

H, Pellet {Monit. soient. [3], vii. 988) regards starch iodide as a definite compound 
analogous in its chemical relations to the iodides of the heavy metals, mercury and 
silver for example, being soluble in excess of soluble starch, just as these metallic 
iodides are soluble id excess of potassium iodide, and reprecipitated from the solution 
by acids. 

According to Bondonneau {Compt. rend, Ixxxv. 671), starch iodide is a defiLnito 
chemical compound represented by the formula (C^H^^O®)®!. It is obtained pure when 
a solution of starch, prepared by the action of caustic soda on starch suspended in 
fifteen to twenty times its amount of water, is mixed with excess of iodine solution, 
then acidulated and filtered, and the resulting starch iodide is washed with water con- 
taining a little hydrochloric acid, and finally dried in the air, whereby, however, it 
loses a small quantity of iodine, so that its composition agrees with the formula above 
given only when it is moist. Starch iodide thus prepared is a hard black-violet mass, 
which swells up in water and then recovers its blue colour. When heated at 100° it 
loses 16-18 per cent, of hydriodic acid and water, and at 190° the loss amounts to 
46 per cent., the colour changing to black. The black substance thus obtained yields 
on oxidation saccharic and oxalic acids ; sulphuric acid converts it into glucose. 
When the iodide is heated under pressure, carbon dioxide, hydriodic acid, and iodine 
are evolved, and when heated to 100° with water under pressure, it partly splits up 
into iodine and starch, and is partly converted into glucose and hydriodic acid. 
Water at the ordinary temperature slowly converts it into a-dextrin and hydriodic 
acid. It is decomposed by diastase, yielding glucose, j8- and 7-dextrin, hydriodic 
acid, and an organic iodide not yet separated. 

Conversion of Starcli into Dextrin and Sugar by tbe action of Dias- 
tase and of Dilute iicids. Museulus stated in 1860 that starch when boiled 
-with dilute acid is converted into dextrin and glucose, according to the equation, 

+ H=0 

and he supposed that diastase acted upon starch in the same manner (vi. 1081). 
Schulze a. Marker, however (vii. 1008), found that the ferment of malt-extract does 
not, like sulphuric acid, convert the whole of a given quantity of starch into sugar, 
but only the half of it, and O’Sullivan showed (ibid.) that the ultimate product of the 
action of malt-extract upon starch is not glucose, but maltose, a substance isomeric 
with cane- and milk-sugar, and capable of reducing only two-thirds of the quantity of 
cupric salt that is reduced by dextrose. 

Further experiments by Museulus a. G-ruber (Compt rend. Ixxxvi. 1459) have led 
them to the conclusion that, under the influence of boiling dilute sulphuric acid, or 
of diastase, the following substances are produced from starch. 

I. Soluble Insoluble in water at 50°-60°.^ Coloured wine-red by iodine 

in aqueous solution, and blue in the solid state. Dried in the air ‘with excess of 
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iodine, it aseumes violet, yellow, or brown tints. Rotatory power [o]i=+218°, re- 
duciHg power 6. 

2. WrytliTodeistnn,^ whieh constitutes half of the dextrin of commerce, always 
strikes a red colour with iodine, whether it be solid or in solution. It is never in- 
soluble in water. Very easily attacked by diastase. 

3. Achroodextfinj a. Not coloured by iodine. Rotatory power [«]/= ; re- 

ducing power, 12. Partially convertible into sugar by diastase, but less easily than 
soluble starch or erythrodextrin. 

4. Achroodextrin j3. Not attacked by diastase, at least during the first twenty- 
four hours. Rotatory power [a]y= + 190° ; reducing power, 12, 

5. Achroodextrin y. Not attacked by diastase at all ; changed into glucose by 
boiling with dilute sulphuric acid for several hours. Rotatory power [a]i=a +160° ; 
reducing power, 28. 

6. Maltose^ (C'2g;22oii ^ H*0). — Attacked with difficulty by diastase ; fermentable. 
Rotatory power [a]y= + 150° ; reducing power, 66. 

7. Glucose, (C®H’20® + H“0).— Fermentable. Rotatory power [o]^.= +56°; re- 

ducing power, 100. 

Musculus a. Gruber regard starch as a polysaccharide of the formula 
in which the exact value of n, apparently not less than 6 or 6, remains to be deter- 
mined. Under the influence of diastatic ferments and of dilute acids, this carbo- 
hydrate takes up water by successive stages, and breaks up into maltose and a new 
dextrin of successively smaller molecular weight, n becoming less at each stage, until 
the transformation has gone as far as the production of achroodextrin % which is 
probably transformed into maltose by simple hydration, the maltose then in its turn 
taking up water and splitting up in the manner shown by the equation : 

+ H''0 = 2C«H‘W 

In the action of diastase on starch a large quantity of maltose is produced, to- 
gether with only a small quantity of dextrose, whereas when sulphuric acid is used, 
dextrose is produced in considerable quantity. 

M. A. Petit {Bull. Soo. Chim, [2], xxiv. 519) finds that when starch is subjected 
for several hours to the action of diastase at 50°, and the liquid is subsequently 
boiled, the starch is almost wholly converted into sugar, so that alcohol throws down 
from the solution only 5 per cent, of dextrin. The sugar solution was found to con- 
tain, besides maltose, a fermentable sugar which did not reduce Fohling’s solution, 
even after boiling for five minutes with dilute sulphuric acid. The quantity of this 
sugar amounted to about three-fourths of the maltose obtained. When treated with 
yeast, it gave off a quantity of carbon dioxide eqnal to that which would have been 
evolved from the same quantity of glucose. 

According to Herzfeld {Ber. xii. 2120), the final products of the action of diastase 
on starch are maltose and achroodextrin. At temperatures above 65°, another body 
appears also to be produced in the form of a slightly- coloured uncrystallisablo gummy 
mass, very soluble in water, having a faint sweet taste, due perhaps to its partial 
conversion into sugar. It has about one-third the reducing power of maltose. This 
body, which Herzfeld calls maltodextrin, is identical with Bondonnoau’s 7-dextriii. Its 
acetyl-eompound differs from those of erythro- and achroodextrin in not separating 
out from its solution in hot alcohol, even when considerable quantities of it are 
dissolved. 

From later experiments by O’Sullivan {Chem. 80c. J. 1876, xxx. 125), it appears 
also that the only products of the action of diastase on starch are dextrin and 
maltose ; further, that malt-extract prepared without the aid of heat does not alter 
ungelatinised starch, but acts upon starch only at the temperature of gelatinisation, 
which is different for the several varieties of stax’ch, and even for starch-granules of 
different sizes : for potato-starch it is 63°-64°. On starch-paste diastase acts even at 
10°-20°, producing maltose and dextrin in the ratio of 67 : 32 per cent., which, how- 
ever, by prolonged action and further addition of malt-extract, is raised to 82 : 18. 
If the solution is formed at 63°, and cooled after a few minutes, the quantities of 
maltose and dextrin obtained are constantly 67*85 and 32T 5, agreeing nearly with 
equation A (below). If the temperature of the reaction lies between 64° and 68°- 
■ 70°, the quantities ofj:he two products are 34*54 and 66*46 per cent, (equation B.) ; at 
68°-70° they are 17*4 and 82*6 (equation G.) ; and under other circumstances (not 
specified) proportions of maltose and dextrin have been observed agreeing with 
equation B' : 
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(A). 

0722*20060 

Starch. 

+ H‘-*0 

(B). 

0722120060 

+ 2H20 

(B'). 

0^22*20060 

+ 3H20 

(C). 

072212006 

-h 4H20 

The optical rotatory powers and cupric 
follows : — 

o-Dextrin . 
^Dextrin i. 
jS-Dextrin ii. 

• 

• 


iS-Dextrin iii. 


Maltose. a-Dextrin. 

= 20 * 22.22011 + 

^-Dextrin i. 

= 3C*2H220** + 

^-Dextrin it 
= 4C*2H220** 4- C2^H:«02o 
^-Dexta±i iii. 

reducing powers of these dextrins are as 


Optical rotatory 
power 

218-8° and 219-5° 
210 ° 

216°~217*5° 

215°-217° 


Beduoing 

power 

0-14 to 0-018 
12 

3*0 to 3-6 
2-5 to 0-6 


From a study of the action of malt-extract on these transformation-products, 
O’Sullivan infers that the theory advanced by Musculus a. Gruber of the breaking 
down of the starch-molecule into dextrin-molecnles which become smaller and ^mailer 
at every step, is not in accordance with all the facts observed ; and he regards these 
bodies, not as a series of polymerides, but rather as a series of bodies of the same 
molecular weight, in which the differences of behaviour must be accounted for by 
differences in the arrangement of the molecules, probably in solution only. It may 
be supposed that the molecule of soluble starch, or the dextrin which gives a purple 
colour with iodine, is simply but that these molecules in solution are 

arranged in groups of six sixes, all the groups being in an intimate state of tension 
one with another, so that the motion affecting one under certain conditions, likewise 
affects all under the same condition. 

Brown a. Heron ( 8og. J. xxxy. 620-654), from a study of the transformation 
of soluble starch by malt-extract, conclude that the most probable formula of soluble 
starch is 10C*‘H2®0*®. The first action of the transforming agent of malt-extract is 
the hydration of one of the ten groups and the consequent production of 

maltose, the other nine groups forming erythrodextrin a. This dextrin 

on further hydration splits up into a molecule of maltose and ery throdextri n /3, 
consisting of eight groups O^^H^oOjo . j^st in its turn splits up into a dextrin 

formed of seven such groups, which is the first achroodextrin. In this way the 
degradation of the original molecule proceeds, until by successive stages of hydration 
maltose is reached. 

The number of distinct dextrins which, according to this hypothesis, are possible 
depends upon the molecular weight of the lowest possible dextrin. If a dextrin is 
capable of existing containing the same number of carbon-atoms in its molecule as 
maltose, nine distinct stages in the transformation may be expected ; whereas, if the 
lowest dextrin contains double as many carbon-atoms as maltose, there can only be eight. 

The following table represents the values of the specific rotatory power [a]j 3 - 86*» 
and cupric reducing power, Kz-qq, for the joint products of each of these theo- 
retical transformations, the resulting dextrins being enumerated in the last column. 


No. of 

transformation 

Soluble starch 


C*3j3'86 
. 216-0° 

^3-86 

0 

Eesulting 

dextrin 


(1) . . . 


. 209-0 

6-4 

Erythrodextrin 

a 

(2) . . . 


. 202*2 

12-7 



(3) . . . 


. 195-4 

18-9 

Achroodextrin 

a 

(4) . . . 


. 188-7 

25-2 

J) 


(«)••• 


. 182-1 

31*3 

>7 

7 

(6) . ... 


. 175-6 

37*3 


n 

(7) . . . 


. 169*0 

43-3 

77 

€ 

(8) . . . 


. 162-6 

49*3 

97 

c 

(9) . . . 


. 156-3 

65-1 


2? 

Maltose 


. 150-0 

61*0 

— 



Of these possible transformations the experiments of Brown a. Heron have un- 
mistakably established the existence of Nos. (2), (3), (4), and (8), whilst indications of 
(5) and (6) have frequently been obtained in various ways, but not with" the same 
amount of certainty as in the other eases. 


* The number 3’86 is the divisor required to convert the specific gravity of the solution into 
grams of dry substance in 100 c.c., or the value of a; in the equation a;=10(^l — ^ where y is the 

specific gravity. ^ 
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The dextrins corresponding to Nos. (1) and (2) are erythrodextrins ; all the others 
are aehroodextrins. 

E. Sachsse {Chem. Oentr, 1877, 732) infers, from the quantity of sugar obtained 
by treating starch with hydrochloric acid, that the molecular formula of dry starch is 
Starch in its ordinary state he regards as a hydrate, + 12H^O, 

inasmuch as potato-starch in drying sustains a loss of weight amo anting to 177 per 
cent., the formula just given requiring 17*5 per cent. This view is supported by the 
observation that when dry starch is brought in contact with a small quantity of water, 
a rise of temperature is produced amounting to 15°-40° or upwards. Perhaps the 
constitution of dried starch might be represented by the formula and 

that of the hydrate by + 12Aq, 1 mol. of the water being basic, and the 

rest less intimately combined, like water of crystallisation ; or those formulae might be 
doubled to accord with the results obtained by Brown a., Heron. 

ToUens, by precipitating an alkaline solution of gelatinous starch with alcohol 
and ether, has obtained compounds containing 4 or 5 at. to 1 at. K or Na, 

whence he infers that the molecule of starch must contain 24 or 30 atoms of carbon. 

estimation of Starcli. On the Estimation of Starch by Bloch’s Feculometer, 
see Cloez (JOingl. 'pol. J, ccxi. 397 ; Zeitschr, anal, CJiem. 1874, 337); also Bondonneau 
Soc. Chim, [2], xxi. 147 ; Zeitschr. anal. Chem. 1874, 467). On the amount 
of Starch in Potatoes, see Potatoes (p. 1669) ; also Siewert (Landtc. Versuchs.-St. 
xxiv. 427 ; Chem. Soc, J. xxxviii. 512) ; Behrend, Maercker a. Morgen {Landw, Vers.- 
St. XXV. 107-165; Chem, Soc, J. xxxviii. 513); in Sausages (Medicus a. Swale, Ber, 
xii. 1285 ; Chem. Soc, J. xxxvi. 939). 

Manufacture. The present state of the Starch-manufacture is described by 
C. Scheihler in Hofmann s EntwieJeehmg der ohemischen Industrie, iii. 152 ; that of the 
Eice-starch Manufactme by M. Adlung (JDingl. j7ol. J. ccxxi. 58, 543 ; Chem. Soc. J, 
xxx, 675 ; xxxi. 363) ; the manufacture of Wheat-starch in Hallo, by Adlung {DingL 
ccxxiv. 304; Jahresb.f. Chem, 1877, 1207). 

STAtTROUTS. According A. v. Lasaulx {Min. Mitth. 1872, 173), most 
staurolites contain a considerable number of microscopic enclosures (chiohy quartz, 
with garnet, mica, magnetic iron oxide, and brookito), and to these he attributes the 
variations in the analytical values, especially that of the silica (v. 412). From an 
analysis of staurolite from Monte Campiano, near Faido, which microscopical ex- 
amination showed to be the purest, he deduces the formula : 

Ee,Mg ) 

(Al,Fe)nO" or (Fe,Mg)0,2(AP,Fe2)03,2Si0“. 

Si2 j 

The analysis gave : 

SiO^ A1“0* Pe=*0« FeO MffO H“0 Sp. gr. 

29-81 48-26 5-31 12*03 3-25 0*86 ^ 99-52 371 

Eammelsberg finds {Ber. vi. 127) that when staurolites rich in enclosed silica 
♦are treated with hydrofluoric acid, the free silica is dissolved, and a residue is loft 
agreeing in composition with pure staurolite from the St. Gothard. In staurolites 
which contain only a small quantity of free silica, the hydrofluoric acid partly decom- 
poses the silicate, but in this case also a summation of the constituents of the decom- 
posed and undecomposed portions leads to the same composition (No. 5) : 



TiO“ 

SiO“ 

APO“ 

FeO 

MgO 

H*0 


1. 

0-56 

29-46 

52-29 

13-42 

2-29 

1*42 == 

99*44 

2. 


30-24 

52-59 

13-86 

2-81 

1*60 

101*10 

3. 

o'tT 

30-23 

52-85 

14-65 

2-41 

— 


4. 

0-39 

30-23 

51-16 

14-66 

2-73 

1*26 



5. 

1-00 

31-76 

50-03 

14-18 

2*07 

0*96 

— 


1 and 2. Gothard. 3. Pitkaranda; the residue left after treatment with hydro- 
fluoric acid amounts to 61 per cent. The acid dissolved out— together with 35*2 per 
cent. SiO® — only 1-3 Al^O®, 2*4 FeO, and 0-1 MgO. 4. Bretagne; original amount of 
silica 50*75 per cent. 5. Bretagne. 

Staurolite from the Ciilsagee mine, where it occurs in small blue grains of sp. gr. 
3*711, interstratified with damourite, has been analysed by F. A. Genth {J. ‘pr. Chem, 
[2], ix. 49) with the following results : 

Loss bv 

SiO“ APO" Fe‘-^0» FeO MgO CaO ignition 

27*91 52*92 6*87 7*80 3*28 trace 1*59 == 100-37 

STBARXe ACXBy C*®H^®0”. Occtirrenee. — Stearin, the glyceride of this acid 
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occurs, together with palmitin and olein, in the fat of parsley seeds (E. v. G-erich.ten, 
Ber, is. 1125). 

Fonnation from BicitioUic acid. — ^When phosphorus and iodine are gradually added 
to a warm emulsion of ricinoleie acid with a small quantity of water, a yellow oil is 
formed, consisting of iodostearidenic acid, and this acid, treated with nascent 

hydrogen (zinc-foil and dilute hydrochloric acid), is converted into stearic acid. lodo- 
stearidenic acid easily takes up 2 at. bromine, forming the acid C^^H^Br-IO^ (Olaus 
a. Hassenkamp, Ber. is. 1916). 

Decomposition hy Heat, — Stearic acid may be distilled under ordinary atmospheric 
pressure, almost without decomposition, but when distilled four times or more in a 
closed vessel, it is almost wholly resolved into hydrocarbons, water, and carbon dioxide, 
together with small quantities of acids and ketones. The liquid portion of the product 
thus obtained was found to contain, besides water (| of the whole weight), all the 
members of the paraffin series from C® to and all those of the olefine series from 
C® to 0^®. Lower members of both series were contained in the resulting gases 
(G-. Johnston, Chem, Soc, J. xxix. 8). 

On the Manufacture of Stearic acid, see Ramdohr {Dingl. pol. J. ecxix. 618 ; 
Jahresh.f. Cherri. 1876, 1092). 

On the separation of Stearic from Oleic acid in mixtures produced by the saponifica- 
tion of Eats, see Oleic acid (p. 1432). 

STEABOX^XC ACZB, This acid, discovered by Overbeek (vi. 1038), 

is converted, by oxidation with fuming nitric acid, into a greenish oil coagulating to a 
semi-solid mass from which water extracts azelaie acid, The alcoholic 

solution of the residue deposits s tear oxy lie acid, in greenish laminae ; 

and the mother-liquor separates into two layers, viz. an alcoholic liquid containing 
only a small quantity of stearoxylic acid, and an oily layer, which does not contain 
azelaie aldehyde, as stated by Overbeck, but, on saponification, yields 

pelargonic acid, together withnitrosopelargonic acid, C®H’®(RO)W 

(vi. 903), which detonates when heated. Ethyl pelargonate, is 

also formed in this reaction (L. Limpach, Liebifs Annalen, exc. 294). 

STEPHAHrXTS SEEBS, AX.KAZ.OZBS OP. The alkaloids of the seeds of 
Delphinium Staphisagria have been examined by Marquis (Buss, Zeitschr. Pharm.. 
xvi. 449, 481, 513). The bruised seeds (1-2 kg.) were repeatedly exhausted with 
four times their weight of alcohol of 90 per cent, containing 5 to 10 grams of tartaric 
acid; the resulting alcoholic solution was distilled in a vacuum; the residue, which 
contained a green oily layer, was separated from the latter in a tap-funnel, then immedi- 
ately mixed with acid sodium carbonate in quantity sufficient to give it a slight alkaline 
reaction, and agitated with ether. The ethereal solution thus obtained left on spontaneous 
evaporation crystals of delphinine; the mother-liquor contained delphinoidine 
or delphisine; and the liquid exhausted with ether yielded to chloroform the 
amorphous base, staphisagrine. The oil, which holds in solution a considerable 
quantity of alkaloids, is shaken with water very slightly acidulated with sulphuric 
acid to separate these bases, and the resulting solution is treated as above. In 
favourable cases, 2*5 kg. of seeds thus treated yield 18T grams of alkaloids soluble in 
ether, and 10-59 grams of crude staphisagrine, altogether 1*15 per cent, of alkaloids. 

The delphinine crystallised from ether is purified by treatment with the same 
solvent ; the uncrystallisabie mother-liquors are evaporated down ; the residue is dis- 
solved in water containing tartaric acid to separate resinous decomposition -products 
of delphinoidine, then immediately saturated with acid sodium carhonate, and again 
digested with ether ; and the residue insoluble therein is dissolved in a small quantity 
of pure chloroform and then mixed with a foiu-- or five-fold quantity of ether, where- 
upon staphisagrine separates out, and delphinoidine is left on evaporation. This last 
base, when pure, is colourless, completely soluble in acidulated water, and dissolves 
in ether free from alcohol, yielding a solution which is not rendered turbid by excess 
of the solvent. To purify the staphisagrine, the contrary method is adopted ; that is 
to say, it is repeatedly precipitated by ether from solution in chloroform ; it has not 
been obtained colourless. 

BelpMniney (at 100°). This base crystallises in the orthorhombic 

system, with the axjal ratio a: h : c = 0*63736 : 1 : 0*80402. Most frequent com- 
bination P . OP . 00 P 00 . It decomposes at 120° without fusion. At 20° it dissolves 
in 5000 pts. water, 20*8 alcohol of 98 per cent, 11*1 ether, and 15*8 chloroform. Its 
alcoholic solution is optically inactive, and exhibits only a slight alkaline reaction. 
It tastes, at first, purely bitter, but afterwards produces a cooling and benumbing 
sensation. It dissolves in pure sulphuric acid, with faint brownish colour, changing 
to reddish and violet, but does not produce any other conspicuous colour-reactions. 
The aurocMoride has the composition O^H®®NO®,HCl,AuCP ; the merciiriodide, 

VoL. YIU, 6 B 
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From gravimetric saturation-experiments, the composition of the 
appears to be 3C22H®5NO«,H2SO‘‘; that of the nitrate, ; 

. of the hydrochloride, 30“^H^®N0®,2HC1, but volumetric determinations gave different 
formulae for the sulphate and nitrate. 

BelpMnoidine, (?) This base dissolves in alcohol in all proportions, 

in water in the proportion of 1 : 6475, in absolute ether 1 ; 3,_ and still more 
abundantly in alcoholic ether ; easily also in chloroform. In alcoholic solution it has 
an alkaline reaction, a bitter taste, with after-taste like that of delphinine, and is 
optically inactive. It melts between 110° and 120° (?) Its colour-reactions are 
those which were formerly ascribed to delphinine. Sulphuric acid dissolves it with 
dark brown colour changing to red-browm. With sugar and sulphuric acid it becomes 
first brown, then green ; with sulphuric acid and bromine-water it produces a splendid 
violet colour. It decomposes during drying. Its platinochloridc, like that of delphinine, 
is very soluble in water, and extremely unstable. The aiirochlonde has the composi- 
tion 0'*-H‘*®N-0’’,3HCl,2AuCP, Saturation-experiments gave for the mVphate the 
formula ; for the nitrate, C‘^‘'H««N'-^0h2HN03 ; for the hydrochloride, 

C42H«8N20h2HCl, and for the acetate, C^-H8«N20h2C-H^02. 

Delphisine, WO ‘ (?) This alkaloid, in one instance, when fresh seeds 
had been used, crystallised from the mother- liquors of delphinine. It resembles 
delphinoidine in its colour-reactions, and is not much less soluble than the latter in 
alcohol and in chloroform, but contains a much larger proportion of nitrogen. 

Staphisagrine, is always amorphous, dissolves in 200 pts. of water, 

and 855 pts. of ether, and in all proportions of alcohol and chloroform ; tastes like 
delphinine ; melts at a temperature somewhat above 90°. In alcoholic solution it is 
optically inactive, and has an alkaline reaction. It differs from dolphiiioidino in its 
colour-reactions, being coloured by sulphuric acid cliorry-rcd to violet, less strongly 
the purer it is— by sugar and sulphuric acid only dirty brown— aiul by sulphuric 
acid and bromine only faintly and transiently reddish. Nitric acid colours it red to 
brown. Its aurochloride has the composition C-'Tl'*8N08,IICl,AuCr*; the mcTciiriodide 
C2®®NO®,HgP (?) Its other salts, analysed as above, appt'.ar to bo composed as 
follows: sulphate, 7iitmto, 0-^H«3N08,HNO^ hydrochloride, 

022H33NO^H01 ; acetate, 

STDRvarBDRGXTX:. See Silvea Sulphides. 

STDRDXITGITB. See Vbamiculites. 

STlDBBlffE ABCOKODS, = C^'‘Hi^(OH)'^. Hydfohmizdim.- The 

experiments of Forst a. Zincke and of Zincke a. Brouor on those alcohols ha ve already 
been described in this volume under Diphenvlene Alcohols (p. 670). The following 
additional results have been obtained by Breuer {Inavgural dmeriatimi., Marburg, 1877). 

The two solid products (a^ihydridea) obtained from hydrobonzoin and isohydro- 
benzoi’n by the action of dilute sulphuric acid, have the composition (0"H‘‘’*CH*)-0, and 
boil at 131° and 100° respectively. They are but slightly acted upon by benzoic and 
acetic anhydrides ; but hydrohenzoin-anhydrido heated with benzoic acid for sevmitct'n 
hours at 230°-240°, yields the corresponding benzoic, ether melting at 240°-243'’, and 
with acetic acid at 160°-170° the acetic ether which melts at 134°. The reaction 
with benzoic acid also yields stilbene. Isohydrobonzoin-anhydrido reacts differently 
with benzoic and acetic acid, yielding stilbene, together -with bitter almond oil (recog- 
nisable by its odour), but only very small quantities of ethereal products. With 

yOllQl 

benzoyl chloride, both these anhydrides yield stilbene chloride, (C'’II‘’')“<f | , melt- 

\CHC1 

ing at 192°. Phosphorus pentachloride, heated with hydrobenzoin -anhydride for half 
an hour at 130°, yields chiefly stilbene chloride ; with isobenzoin-anhydrido it yields 
first a chloride, convertible by acetic acid and silver acetate into hydrobenzoin, while 
stilbene chloride is produced only at a later stage of the reaction. Both the anhy- 
drides, when heated for eight hours at 200° with hydriodie acid and phosphorus, are 
converted into di benzyl (m. p. 51°-52°). Both, when treated with chromic and 
glacial acetic acid, yield, as chief product (together with benzoic acid), a body having 
the composition which dissolves sparingly in hot alcohol, and crystallises 

therefrom in small felted needles melting at 155°, easily soluble in benzene, slightly 
in petroleum-ether. This body, heated for 12 hours in a sealed tube at 200° with 
hydriodie acid and amorphous phosphorus (1 gram of substance, 0’5 phosphorus, and 
2'5 hydriodie acid), yields, together with dibenzyl, a substance melting at 144°-145°, 
and separable from the dibenzyl by distillation with steam, in which it does not 
volatilise. This last substance appears to have the composition C’^II^^O^, and to be 
formed as a third oxidation-product of the anhydrides. 
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The liquid product, dijpkenylaoetalde'kydey (C®H®)^CH — COH, obtained from bydro- 
benzoin and isohydrobenzoin by the action of dilute sulphuric acid (p. 681), boils at 
315°, and gradually decomposes on beeping. It dissolves in acid potassium sulphite, 
forming a crystalline compound which, however, is very unstable, and has not been 
obtained pure. It reduces an ammoniacal silver solution, and is converted by oxida- 
tion with moist silver oxide, potassium permanganate, and chromic acid, into benzo- 
p hen one, benzoic acid being also produced when permanganate is employed as the 
oxidiser. With alcoholic potash at 120°~130°, the aldehyde yields benzhydrol, 
together with dipheuylmethane and diphenylacetic acid. 

The above-described anhydrides and aldehyde are also produced by heating the 
hydrobenzdins in alcoholic solution vnth zinc chloride and hydrochloric acid at 130°- 
150° (Breuer). 

Stilbene Sulpblde, also called Sul'pJiostilheney separates, according to 

Barhier {Ann. CUm. Phys. [5], vii. 522), from the products of the dry distillation of 
benzyl sulphide, (0’'H’)2S, which have been used for the preparation of stilbene 
(p. 676). It forms light white needles melting at 168°-169°, unites with picric acid, 
forming red opaque needles, and with Fritzsche’s reagent, forming light yellow rhombic 
lamellse. According to Forst, the sulphur-compound obtained as above is not stilbene 
sulphide, but probably impure tolyl-allyl sulphide, (C®H^.O)^S. 

STXIEiBZTX:. See Zeolites. 

STORAX. The constituents^ of liquid storax have been investigated by W. v. 
Miller (W. Bejp. Bharm. xxiv. 1 ; Ber. ix. 274 ; more fully, Liebigs Annalen, clxxxviii. 
184 ; clxxxix. 338). This substance contains, in addition to the previously known 
constituents, st 3 Trolene, cinnamic acid, and styracin (i. 497, 986), the following bodies : 
(1). Phenyl-propyl cinnamate in somewhat considerable quantity; (2). Ethyl cin- 
namate in small quantity ; (3). A crystallisable substance combining with acid sodium 
sulphite, smelling like vanillin, and melting at 65° (ethyl-vanillin ?) in very small 
quantity ; (4). A resinous body, whose composition could not be determined, accom- 
panying the last in moderately large quantity; (5). Two alcoholic bodies (a- and j8- 
storesinol) in very considerable quantity ; (6). The cinnamic ethers of these alcohols 
in not inconsiderable quantity ; (7). The sodium-derivative of storesinol in very small 
quantity. 

Styrolene from liquid storax, and cinnamene from cinnamic acid, are regarded by 
V. Miller as identical; van’t Hoff’s styrocamj^hene (JBidl. Soc. Chim. [2], xxv. 175), 
described as a Isevogyrate substance having the composition or C^®H^®0, is 

perhaps not an original constituent of storax, but is formed subsequently by decom- 
position of phenylpropyl cinnamate. 

Testing of Liquid Storax . — To detect the presence of turpentine, H. * Hager 
{Zeitschr. anal. Chem. 1874, 247) mixes the liquid storax in a test-glass with half its 
volume of absolute alcohol, and agitates the mixture repeatedly with several times its 
volume of petroleum-ether. If the storax is pure, the residue left on evaporating this 
solvent is colourless with a bluish opalescence, and has a pleasant odour, but in 
presence of turpentine it is yellowish, and has an unmistakable- odour of that sub- 
stance. With good liquid storax the residue amounts to about 50 per cent. ; if it 
exceeds this proportion, the presence of adulteration may be suspected. 

STORESlNOli, = C^®H®^(OH)®, is the residue left after exhausting 

liquid storax successively with caustic soda, cold alcohol, cold petroleum-ether, and 
hot petroleum-ether. It melts between 160° and 168°, and is oxidised in glacial 
acetic acid solution by chromic acid, with evolution of carbon dioxide and formation 
of three acids not yet examined. With acetyl chloride it yields a mono- and a tri- 
acetyl derivative. Bromine converts it into a bromide having the composition 
C^^H^sBr^. 

STREErGXTZS. This mineral occurs in an isolated ironstone and psilomelane- 
block in the silicious slate of the great brown iron-ore deposit of Hiinsberg, near 
Griessen, in globular, reniform, and radio-fibrous aggregations, having a drusy surface 
and often accompanied by very fine cacoxene. Barely isolated crystals are found, 
possessing a strong vitreous lustre. These crystals are transparent or translucent, 
red in various shades (pomegranate-red and carmine-red), also white, and occasionally 
colourless ; streak yellowish-white ; hardness 3-4 ; sp. gr. 2*87. Before the blowpipe 
the mineral fuses easily to a black, shining globule, colours rhe flame bluish-green, 
and gives the reactions for iron. On heating it in the matrass, much water is evolved, 
whilst hydrochloric acid dissolves it easily, especially wben hot, but it is not easily 
attacked by nitric acid. In order to obtain pure material for analysis, selected portions 

6 £ 2 
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of the mineral were treated with stannous chloride solution, which dissolved out the 
brown iron-ore and left the small isolated crystals of strengite behind. An analysis 
of these showed the mineral to have the following composition : 

P^O“ H“0 

43*18 37*‘i2 19*40 = 100*00 

from which the formula + 4H20 is obtained. Strongito bulonga Ihorofore 

to the same class of minerals as scorodite, (Fc“O’^As‘0® + 4H^O), and the barrandite of 

yon Zepharovich, | f | PW + 4B['''0 ; it crystallises in the rhombic system, the 

forms observed in combination being oo P co . co f 2 . P , mP oo i tho latter could not 
be accurately determined. Cleavage indistinct, parallel to oo P co, a pearly, vitrcious 
lustre characterising^ the cleavago-^pltmos. Tho habit of isolated crystals is * thin- 
tabular ’ through 00 Poo, but the commonest occurrence is a sheaf-liko aggregation on 
which only the faces of P are visible. Numerous measurements of the crystals were 
made, with the following results : 

Angle of the terminal edge of P in the macrodiagonal = 102° 14' 

„ „ „ brachydiagonal == 115° 8' 

Angle of the prism = 118° 36' 

Mean ratio of the lengths of the axes obtained from the above measurements, 
a : b : c — I : 1*1856 : 1*1224, whence are calculated the angles as follows, viz. : 

Macrodiagonal terminal edge ofP = 101° 38' 

Brachydiagonal „ „ = 115° 36' 

Lateral edge of P . . . ~ 1 1 1° 30' 

Those calculated angles agree very closely with tlio moasuroments obtained with 
scorodite by Breithaupt, Miller, von Zeparovich, von Kokscharow, and vom Path, 
viz. : 

Macrodiagonal terminal edge of P = 102° 28' 

Bracliydiagonal „ „ = 114° 28' 

Lateral edge of P . . . = 111° 42' 

It appears, therefore, that strengite and scorodite are isomorx^hous. Their re- 
semblance in form and occurrence is very striking, and tlnur complete isomorphism 
may be regarded as a further proof of the close analogy of arsenic acid and phosphoric 
acid to each other. They are probably the final members of tb(‘, Horios of phf)Hphatic 
minerals to which pyromorphite and mimetosite belong (A. Nics, Jahrh, f\ Min. 
1877, 8). 

SITRXGOVXTE:. This mineral occurs at Striogau in Silesia, An analysis by 
Wobsky (Jahrh. f. Min. 1874, 302) of a specimen from a recently opened druse gave : 
SiO“ APO» Fc=0“ FeO MnO CaO IVtgO IPO 

28*425 16*604 11*432 26*211 7*247 0*364 0*3()4 9*309 99*956 

Neglecting the slight excess of water over 2 mols., tho empirical constitution of 
strigovite dried at 100° is H*(M")‘(K-)’^Si‘0^^, in which (M")’^=»2Fo-}-^(Mn, Ca, Mg), 
and = fAl + JFo. Among species nearly allied to strigovite, Wobsky enumerates 
aphrosiderite froni Weilburg; delossito from La (h’cSve, near Mieliu ; eroustedtite 
from Przibram; tliuringite from Beichmannsdorf and Schmioclefold, and oAVenito 
from the Potomac river. 

STROMEYERITX:. A silver-copper glance, forming tho principal ore of a 
mine on tho Hoyada, in tho north of the province of Catamarca, Argentine K(‘public. 
It occurs, partly with small quantities of copper pyrites and galena, inlorgrown in 
tile-ore, partly in the interior of nodules consisting externally of chrysocolla with a 
small quantity of cerusite. An analysis by Siewert gave : 

Ag Cu S Insol. Sp. gr. 

52*60 31*61 14*38 1*07 = 99*66 6*16--6*19 

(A. Stelzner, Min. Mitth. 1873, 250). 

STROITTXAXirXTX:, H. Laspeyres describes crystals of strontianite (strontium 
carbonate) from Hamm, in Westphalia, which, contrary to the usual acuminated forms 
of this mineral, exhibit obtuse pyramids and braehydromes (Jahrh. f, Min. 1876, 
431). _ According to F. Hessenberg (ibid. 1870, 626), nineteen forms are observed on 
strontipite, whereas on the isomorphons mineral, aragonite, only fifteen can bo 
recognised. Sandbergor (ibid, 689) describes strontianite as the petrifying material 
of an ammonite from the liroconite of Wasseralfingen. 

STXtOltrTXIXlMC* This element has been detected in the sun's atmosphere by 
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C. A. Young (^Sill Am. J. [3], it. 356). It exists, together with barium, in all 
primary rocks, in sufficient quantity to be easily determined in a single gram of fel- 
spar, mica, gneiss, granite, or syenite (Dieulafait, Ann. Chim. JPhys. [5], xv. 530 ; 
Ghm. Soo. J. xxxTi. 444). Sea-water also contains strontium, both as carbonate and 
as sulphate, and when it is evaporated, either spontaneously or with the aid of heat, 
the strontium carbonate is precipitated, together with the calcium carbonate and 
sulphate, whilst the deposits of sodium chloride and those from the mother-liquors 
are free from it. From the sea-water it passes and has passed into the shells of con- 
chylia, recent and fossil, which, as well as the gypsums of various formations, 
all contain strontium. Strontium has also been detected in certain mineral springs, 
and may be assumed to exist in all, since, according to Dieulafait, these springs derive 
their saline constituents chiefly, and in most cases exclusively, from the sedimentary 
rocks, all of which, being deposits from ancient seas, contain strontium {Comp, 
rend. Ixxxiv. 1303). 

Preparation and Properties of the Metal . — ^Benno Franz {J. pr. Chem. cvii. 253) 
has prepared strontium in considerable quantities by heating an amalgam of the metal 
in an iron crucible through which a stream of well-dried hydrogen is passed. The 
strontium then remains in the form of a fused cake, easily removable from the 
crucible. The strontium-amalgam is prepared by heating a saturated solution of 
strontium chloride with sodium-amalgam at 90°, repeating this treatment several 
times, then washing the resulting strontium-amalgam well with water, and drying it 
thoroughly between bibulous paper. 

Strontium prepared as above is a faintly yellowish metal which resembles barium, 
and may with moderate facility be beaten out into thin laminse. In contact with the 
air it oxidises rapidly, with great evolution of heat, and burns away with emission of 
sparks. It melts at a moderate red heat, but does not volatilise even at a bright red 
heat. Sp.gr. =2*4. 

Estimation and Separation . — On the estimation of strontium as sulphate, see 
P. Schweitzer {Proceedings of the American Association for the Advancernent of 
Science, 1877). Strontium sulphate dissolves on the average in 8,000 pts. of cold 
water; but the solubility varies, according to circumstances, from 7,500 to 10,288 pts. 
water. 

On the separation of Strontium from Barium as Chromate, see Barium (p. 142). 

Oxides. — Strontia, SrO (also lime and baryta), may be obtained in crystals be- 
longing to the regular system by heating the nitrate (15 to 20 grams) in a covered 
porcelain crucible placed in a coke fire. The crystals thus obtained cleave parallel to 
the cubic faces, and the best specimens are perfectly transparent. The specific gravities 
and specific volumes of the three crystallised oxides are as follows : 

CaO SrO BaO 

Specific gravity 3*251 4*750 5*722 

Specific volume 17*225 21*789 26*739 

The values for strontia are very nearly the means between those for lime and baryta 
(Briigelmann, WiedermanrHs Annalen, iv. 277). 

Hydroxide, SrH^O^. — On the Heat of Formation of this Compound, see p. 959; 
on the Heat of Formation of the Hydrate, SrB[^0^+ 9H'0, see p. 982 ; on its Heat of 
Solution, p. 1001. 

The dry hydroxide is not attacked by chlorine, hut the hydrates with 5 and 8 
mols. water of crystallisation are converted by chlorine into chlorate and chloride of 
strontium, together with a small quantity of hypochlorite (Konigel, Weisberg, Per. 
xii. 611). 

peroxide, SrO^, is formed when strontium carbonate is heated in a platinum 
crucible only so far as to make the bottom cf the crucible red-hot ; at n higher tem- 
perature it is decomposed. The carbonates of calcium and barium are converted by 
similar treatment into peroxides, that of barium having a yellow colour (H. Struve, 
Zeitschr. anal. Chem. 1872, 22). 

On the Industrial Uses of Strontium-Compounds, see Biedermann {Hofmann's 
Entwickelung der chemischen Industrie, ii. 514). ^ 

STROPKATSTTIlor. A poisonous substance extracted from the seeds of Stro- 
phantus hispidus, which are used in Africa as an ordeal. It forms colourless crystals, 
soluble with neutral reaction irx water and alcohol, and not exhibiting the properties 
either of an alkaloid or of a glucoside. The seeds also contain a non-poisonous 
alkaloid called ineine (Hardy a. Gallois, Compt. rend. Ixxxiv. 261). See also 
T. E. Fraser {Arch. Pharm. [3], iii. 229). 

SXRUVXTZi. Native ammonio-magnesium phosphate, (NH9^Mg2p20®,12aq. 
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(iv. 570). The occurrence of this mineral in an old dung- pit at Brunswick is noticed 
by E. J. Ottmer {JaJirh.f, Min. 1873, 400) and by E. Otto 1873? 783). Ac- 
cording to A. Sadebeck Mitth. 1877, 950), the axial ratio « . 5 ; = 

0*5567 ; 1 : 0*9121. The cleavage according to OP is more distinct than that_ according 
to the brachydi agonal, which has hitherto been regarded as the principal direction of 
cleavage. Twins occur according to OP, the individual crystals being grown together 
sometimes at the upper, sometimes at the lower end. From tho results of corrosion- 
experiments, it appears that struvite is not hemihedral. 

STHUTCEraa’IN'E, Deteotion. — For the detection of strychnine in 

chemico-legal investigations, J. St. Clair Gray {Zeitschr. anal. Chem.^ 1873, 125) 
triturates the suspected substances with water to a pulp, mixes this with excess of 
acetic acid, digests the mixture at 27° for about twenty-four hours ; and then pours 
it into a dialyser. After forty-eight hours, the dialysate is ovaporatwl down to a 
drachm and repeatedly shaken with chloroform. The aqueous solution is tlien made 
alkaline with ammonia, and again agitated with chloroform, and the residue loft on 
evaporation may be examined for strychnine by the usual tests. According to 
J. B. Lyman {ibid. 126), potassium permanganate, silver oxide, and hydrated man- 
ganese dioxide produce with strychnine the same colour-reactions as cliromates, and 
in many respects are even superior to the latter as tests for that alkaloid. 

On the detection and separation of Strychnine in mixtures of Alkaloids, see Plant- 
Bases (p. 1635). 

Beactmi of Strychnine with Mtric Acid . — When strychnine is added to nitric acid, 
and the liquid— on completion of the reaction, which is attended with copious evolu- 
tion of nitrous fumes — is diluted with water, an amorphous body is thrown down, the 
solution of which in glacial acetic acid deposits, after dilution, a basic subst,ance, 
perhaps consisting of nitrostrychnino. When stryclmine is boiled for some time 
with strong nitric acid, and tho solution is concentrated by evaporation, it dopoHit.s a 
crystalline acid having the composition which molts with decomposition 

above 300°, and forms red amorphous salts (B, Schiff, chim. ital, viii. 82). 

Stryebnine Tri-lodide, prepared by triturating 2 pts. strych- 

nine with 1 pt. iodine, and crystallising tho mixture from alcohol, forms violet needles 
resembling potassium permanganate, and is identical with that described by Tildon, 
and probably also with that obtained by Herapath (v. 441). It is unstaldo in solution, 
but in the solid state it may be heated without alteration to 135°. It dissolves with 
red colour in nitric and' sulphuric acids, and when heated witii alcoholic iodine-solution, 
appears to be converted into a higher iodi no-compound (II. il, Bauer, Arch. Bhavm, 
[3], V. 289). 

Polybydrosulpblde, Hofmann, who obtained this compound 

by minting a cold-saturated solution of stiychnine in strong alcohol witli an alcoholic 
solution of ammonium sulphide containing free sulphur, assigned to it tlio formula, 
(vi. 1040). E. Schmidt {Bcr. v. 1267) found that an alcoholic 
solution saturated with hydrogen sulphide deposited after some time orange-red 
needles, to which ho assigned the formula 20‘‘I-p“N'“0“,3H‘S“. Hofina,nu, however 
{Bit. X. 1087), finds that tho compound prepared by Sclimidt’s method is identical in 
colour, composition, facility of decomposition, and chemical behaviour in general, 
with that obtained by his own. To determine which of the two formube above cited 
is the true representative of its composition, weighed quantities of the compound 
were treated with a solution of arsenic trioxide in hydrochloric acid, and tho resulting 
precipitates wore weighed and analysed; moreover, tho polyhydrosulphido was <Ig- 
composod with a solution of lead acetate in glacial acetic acid, and the resulting black 
precipitate was weighed. Numerous analyses showed that tho arsenic precipitate has 
the composition As'-S*®, and is formed in quantity corresponding with the equation 
3H^S° -t As20^ = As*S*®, and that the lead precipitate has the composition 

PbS®. Hence Hofmann now represents the polyhydrosulphide by the formula 
(C2iH22N^02)2H-^S®, which agrees very closely with the results of tho elementary 
analysis. The compound is probably however not a salt of the acid H-S**, for although 
when decomposed by acids it yields a clear oil having a peculiar odour, and agreeing 
in its essential properties with hydrogen persulphide, it does not, on tho other hand, 
yield by double decomposition any compounds that can be regarded as salts of tlie 
acid H-S®. The polyhydrosulphideismost probably analogous in constitution to tho 
periodides, and may perhaps be formulated as 2C“^H2'-N‘'^0'hH“S‘^S‘‘, in which case the 
oil separated from it by acids must be regarded as a solution of tho additional sulphur 
in hydrogen disulphide, E. Schmidt, also {Ber. x. 1288). now admits the identity of 
Hofmann’s polyhydrosulphido of strychnine, prepared by means of hydrogen sulplndtj, 
with his own compound obtained with ammonium sulphide, and attributes tho inferior 
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stability of the latter to the circumstaiice that it separates in less compact crystals, 
which are therefore mere easily attacked by reagents. Compare BmrciNE Hynno- 
sulphtbes (p. 353). 

Hydrates of Stryclinme or Hydrostrychnines (Cal a. Etard, Comft. rmd. 
Ixsxvii. 362). Strychnine takes up 2 and 3 mols, H"0, forming compounds which act 
as distinct bases, uniting with acids to form crystallisable salts. They are formed 
by heating finely pulverised strychnine with ten times its volume of cold-saturated 
solution of baryta for about forty hours at 135^-14:0° in sealed tubes freed from air 
as completely as possible. The liquid freed from baryta by carbon dioxide, filtered 
in a stream of that gas, and distilled in a vacuum, finally deposits white crystals of 
dihydrostrychnine, = which may be purified by 

recrystallisation from water. This compoimd forms microscopic prisms, dissolves 
easily in hydrochloric acid, forms a well-crystallised hydrochloride, and a sparingly 
soluble tartrate which also crystallises well. Trihydrostrychnine, C’^^H^N-0^ — 
contained in the mother-liquors of the preceding compound, forms 
yellowish prisms, and yields a well-crystallised tartrate. 

Both these bodies are moderately stable in the solid state, hut extremely liable to 
alter in solution, especially the trihydro-componnd, so that in their preparation, &:c., 
it it necessary to protect them from the air as completely as possible. Both of them 
give^ a specular deposit with silver nitrate, and reduce the chlorides of gold and 
platinum, with violet coloration. They do not give the strychnine reaction with 
sulphuric acid and potassium chromate. They appear to possess the character of 
aldehydes, as is further shown by their behaviour with sodium bisulphite, and they 
are probably identical with Schiitzenberger’s oxy- and dioxv^strychnine respectively 
(iv. 320). 

STRirCHHOS. The fat extracted by ether from the seeds of Strychnos Wux 
vomica consists of the glycerides of oleic, palmitic, capric, caprylic, caproic, and butyric 
acids, and that of an acid containing 76*89 per cent, carbon, and having a melting 
point higher than that of stearic acid (F. Meyer, Russ. Zeitschr. 1875, 

417, 449). 

STVCHHXH, = CsHs.CHOH.CHOH.OH^OH. Syn. with Phentl- 

GLYCEEOL (p. 1562). 

STITFHHXC H.CZB, C°B:(N02)3(0H)2. Syn. with Teiniteoeesorcinol 
(p. 1750). 

ST-STHACZHT, STYBVX. CIHlffAMATE, or CZHHYX. ClIfiTNAMATE, 

= C^m.CE=CK.CO^-Cm^. This compound is contained, 
together with styrolene, fcee cinnamic acid, and other bodies, in liquid storax, and 
may be separated therefrom by methods already described (i. 986). W. v. Miller 
{N. Rep. Rharm. xxiv. 1), after distilling off the styrolene with vapour of water, heats 
the resinous residue on the water-bath with one-tenth of its weight of crystallised 
sodium carbonate, till the mass no longer froths ; decants the aqueous solution which 
contains the greater part of the free cinnamic acid in the storax ; heats the residue 
with a solution of 1 pt. caustic soda in 40 pts. water to remove the rest of the cinnamic 
acid, and free the styracin from the greater part of the resin ; treats the residue with 
cold alcohol, and crystallises the portion insoluble therein from hot alcohol. The 
crystals of styracin thus obtained are purified by pressure between filter-paper and 
further treatment with cold alcohol, which removes any portion of resin that may 
still adhere to them. The styracin thus obtained melts at 44°. It unites with 
bromine, yielding a dibromide and a tetrabromide, the latter in the form of a 
resin which has not been obtained pure. The constitution of styracin and its two 
bromine-compounds may be represented by the following formulae : 
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Styrolene. Dibroroide. Tetrabromide. 


The dibromide is converted by reduction into phenyl-propyl cinnamate 
[phenyl-acrylate], C®H®.CH=0H.C00C3H®(G®B[5), and the tetrabromide into phenyl- 
propyl phenylpropionate, C®H®.CH2.0JE2.C00C»H®(C®H5). Styracin itself is 
but little inclined to take up hydrogen. 

The action of bromine on phenyl-propyl cinnamate in ethereal solution gives rise 
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to phenyldibromopropyl cinnamate, C^II^.COOC®H'‘Br2(C®IP), and other pro- 
^ ducts stiil richer in bromine. By the prolonged action of bromine-vapour, phonyl- 
propyl cinnamate is converted into styracin tetr a bromide (W. v. Miller, Liebig^ s 
Annalen, clxxxviii. 184). 

STYBOCAZMCPHEaSTB. See Storax (p. 1827). 

STYROIiBWES, Q^K^. Syn. with Cinnamene (p. 497). It is formed, together 
■with benzene, naphthalene, phenanthrene, and anthracene, by passing a mixture of 
ethylene and diphenyl vapour through a porcelain tube boated to bright redness 
(Barbier, Cornet, rend, Ixxix. 660). On its occurrence in Siorax, see p. 1827. 

A compound of styrolene with acid sodium sidphite, C'‘^IP.NaHSO^, is formed by 
heating 1 mol. styrolene (from cinnamic acid) for several hours with a solution of 
1 mol. of the acid sulphite (concentration 2 : 5), best at about 120°. It crystallises 
from water in nacreous laminae, melts at 306°, dissolves easily in water and in hot 
alcohol, and is soluble also in ether. Styrolene obtained from liquid storax, or by 
distillation of metastyrolene, appears to react with sodium bisulphite somewhat 
differently from that which is prepared from cinnamic acid, yielding, when heated 
with the bisulphite solution at 110°, small quantities of crystals different in appearance 
from those above described ; moreover, the most favourable temperature for the 
formation of the crystals in the preparation fcom styrolene obtained from liquid storax 
or from metastyrolene is about 165° (W. v. Miller, N. B&p, Pharm. xxiv. 31). 

STYROXiBIf B AIiCOHOXi, C®H’«02=: O^H^CHOH.CH^OH. Syn. with Phente- 
GLTCOL (p. 1563). 

StTBBRXC ACXBS, Ordinary suberic acid (m, p. 140°), originally 

obtained by oxidising cork with nitric acid, is also produced by the action of fuming 
nitric acid at temperatures not exceeding 110°, on paraffin (p. 1489). 

The two following acids, isomeric with it, have boon obtained .synthetically : 

CHlCII’^.Cil.CO-lI 

(1) . Diethyl-succinicacid, I . The cthylic other of this acid 

0H3.CH''2.0H.C0-H 

is obtained by heating ethyl a-broinobutyrate or a-iodobutyrat(^ at 120°-! 30° in a sealed 
tube with finely divided silver and methyl iodide, -which latter assists the reaction, but 
takes no direct part in it : 

CH«.CH'^.CHBr.OO“C2H«) ClP.Cn®.Cn,00'''CUP 

. + Ag^ = 2AgBr + I 

OH^.CH'-^.CHBr.CO^C^H® CIP.OmOl LCO'-^C'^IP 

It boils, after rectification, at 233°-235° (C. Hall, Per. vi. 28). 

{OWfO.OO'm. 

(2) . Tetramethyl-succinic acid, I , The cthylic other of this 

(OH^^O.CO^H 

acid is produced in like manner from ethyl bromisohutyrato : 

(CH3)20Br.OO-'C"H5 (CH)20.CO''=C^H* 

* 4 Ag- = 2AgBr + I 

(CH^)"0Br.CO"02ff>, (OH«)“C.CO=C''^H‘^ 

By subjecting the product to repeated fractional distillation, the othylic totramothyl- 
succinate is obtained as a liquid boiling at 230°*-231° (uncorr.), and havirag a sp. gr. 
of 1 ‘01 2 at 0°, 1-0015 at 13*5°. The suberic acid obtained from it forms, after three 
crystallisations from hot water, small, hard, frequently spherical groups of crystals, 
apparently consisting of quadratic tablets with pyramidal summits. It melts at OrV, 
and resolidifies at a somewhat lower temperature. It is not volatile at ordinary 
temperatures, very slightly at 100°, but sublimes at higher temperatures in broad 
feathery laminae. It is extremely soluble in alcohol, ether, and hot water, less soluble 
‘in cold water, 100 pts. water at 11° dissolving 2*2 pts. of it. The ammonium, potas- 
sium, and sodium salts are also very soluble ; the barium, calcium, and lead salts are 
white bulky precipitates ; the copger salt is a bluish-green precipitate ; the silver salt 
a white precipitate which quickly turns brown on exposure to light, and dissolves in 
2,500 pts. water at 10° (Hell a. Wittekind, Ber. vii. 319). 

omcooH 

SXJCCIWIC ACID, C*‘H«0-» = I . This acid has been found in the 

OH'-^.COOH 

juice of unripe grapes gathered in .Tune (Brunner a. Brandenburg, Ber. ix. 982) ; also 
among the products of the sehizoinycetic fermentation of mannitol (p. 777), and in 
urine after asparagus has boon eaten (Hilgor, Liebig's Annalen, clxxi. 208). 

vSuccinic acid is formed : a. By tlie oxidising action of dilute nitric acid on normal 
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butyric acid, and, together ^ith acetic acid, by the action of the same acid on normal 
caproic acid ; but in both cases, unless special precautions are taken, the action goes 
further, and the succinic acid is oxidised to carbonic acid and water (Erlenmeyer, 
Sigel a. Belli, Ber. vii. 696). By heating ethyl chlorocarbonate, bromacetic acid, 
and finely diyided silrer in molecular proportions at 130° in a sealed tube. The 
reaction takes place according to the equation : 

2(CH2Br.CO"-H) + Ag^ = 2AgBr + . 

the chlorocarbonic ether taking no direct part in it, but being resolved into CO^ and 
C^jS^Cl. A fetid brominated liquid is formed as a secondary product (A. Stelzner, 
Ber. vi. 184). 

The preparation of succinic acid from ethylene cyanide by decomposition with 
alcoholic potash (Simpson’s method, v. 454) takes a long time when large quantities 
of material are operated on ; and, according to Jungfieisch {Bull. Soc. Chim. [2], xix. 
197), the conversion of the ethylene cyanide into succinic acid may be much more 
quickly effected by gradual addition of nitric acid diluted with an equal bulk of water : 

C^HKGN)^ + 2mm + 4H20 = 2(NO«NH-‘) + C^HXCO^H)^. 

The use of nitric acid has the further advantage of decomposing colouring matters 
which would otherwise contaminate the product. 

Eeactions. 1. Succinic acid, like other diatomic bibasic acids, is converted by the 
action of acetyl chloride, benzoyl chloride, suecinyl chloride, and acetic anhydride into 
the corresponding anhydride, the reactions being represented by the following general 
eqirations : 
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In this manner succinic acid and isodihromosuccinic acid are easily converted into 
anhydrides by acetyl chloride at ordinary temperatures ; isosuccinic acid, 
CH'‘*.CH(CO^H)“, and ordinary dibromo succinic acid, are not attacked ; suecinyl 
chloride and succinic acid yield succinic anhydride ; and acetic anhydride, heated for 
several hours in sealed tubes (mostly at 125°-150°) with succinic and isodibromo- 
snccinic acid, converts them into their anhydrides. Ordinary dibromosuccinic acid, 
heated with acetyl chloride, yields acetyl bromide, acetic acid, and monobromomaleic 
anhydride (Anschiitz, JBer. x. 325, 1881). 

On the reaction of Succinic acid with Barajpheiiylenediamme, see Phentlbne- 
DiAMiNES (p. 1560); with PJithalic Anhydride (p. 1615). 

SUGARS. Distribution in Plants. — Jodin {Ann. Chim. Phys. [5], 491), from 
a comparison of the known facts relating to the distribution of sugars in the vegetable 
kingdom, has arrived at the following conclusions : 

1. A great number, if not all, the plants belonging to the higher classes contain, 
distributed through their organisms, sugar consisting of a mixture of saccharose and 
inverted sugar. 

2. In the same plant the average amount of sugar in the leaves is very small, but 
it attains its maximum in the flowers, fruits, stems, and roots, which possess the 
chlorophyllic function in a slight degree only. 

3. The smallness of the quantity of sugar in the leaves cannot he regarded as 
evidence against the direct production of sugar by these organs. 

4. The constant presence of a certain quantity of sugar in fungi appears to prove 
that the glycogenic and chlorophyllic functions are independent of each other. In the 
green leaf these two functions exist together, hut are not mutually dependent. 

The quantity of sugar contained in the ‘ nectar ’ of various flowers (the sweet-tasting 
liquid secreted within the cups of flowers which are fertilised by insects) has been 
determined by A. S. Wilson, with the following results : 


1. Puchsia, per flower 

Total 

mgm. 

. 7*59 

Fruit- 

sugar 

1-69 

Cane-sugar 
(as fruit-) 
6-9 

2. Claytonia AlsindideSj ditto 

. 0-413 

0*175 

0-238 

3. Everlasting pea, ditto . 

. 9-93 

8*83 

1-60 

4. Vetch {Vida Cracca) per raceme . 

. 3-16 

3-15 

0-01 

5. Ditto, per single flower . 

. 0-158 

0-158 

— 

6. Bed clover, per head 

. 7-93 

5-95 

1-98 

7. Ditto, per floret .... 

. 0-132 

0-099 

0-033 

8. Monkshood, per flower . 

. 6-41 

4-63 

1-78 
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Saccharosef Cane-sugar, Beet-sugar« This kind of sugar exists, together 
with dextrose, in vine-leaves. In one experiment a kilo, of the leaves yielded 9-2 g. 
saccharose and 26 '5 g. dextrose ; in another, more quickly carried out, 15*80 sac- 
charose and 17*49 glucose. Cherry and plum leaves were also found to contain both 
kinds of sugar ; 1 kilo, of plum-leaves gave 33 g. saccharose and 3 2 g. dextrose (Petit, 
Oomp. rend, Ixxvii. 944). Researches on the distribution of saccharose in the sugar- 
beet have been published by G. Violette {Comp. mid. Ixxix. 899 ; Ann. Chim. Phys. 
[5], hi. 546 ; Chem. Cog. J. 1875, 376). 

Specific Gravity. — ^According to Maumon6 {Bull, Soc, Chim. [2], xxii. 23), the 
specific gravity of cane-sugar is 1*5951 at 15°, whereas former determinations gave 
1*606 (v. 470). The dissolution of sugar in water is attended witli diminution of 
volume, unless the sugar and water are brought together in equal proportions by 
weight. With excess of water, contraction takes place ; with excess of sugar, expan- 
sion ; both however in small proportion only. 

SoUhility in Water. — According to Courtonne (Chwiipif. Wid Ixxxv. 959), 100 g. 
water at 12*5° dissolve 198*547 g. cane-sugar, a result agreeing very nearly with the 
proportion 1 ; 2 found by Berthelot and by Scheibler, not with Maumen^’s result 
(1 : 3). At 45°, 100 g. water dissolve 245 g. sugar. 

On the Crystallisation of Cane-sugar on the largo scale (preparation of sugar-candy), 
see Weitz {Bingl. ccxxxi. 452 ; Chem. Soc. J. xxxvi. 844). 

Beactions. — 1. When well-dried ammonia-gas is passed over perfectly dry sac- 
charose, the sugar becomes opalescenc at first, and viscid after about twelve hours, 
The maximum amount of ammonia taken up is 7*83 per cent, by weight of the sugar, 
but part of this is given off when the strength of the current of gas is diminished, and 
when the sugar is exposed to the air, the increase of weight sinks to 1--2 per cent 
After three months the sugar was found to retain 0*37 per cent, ainnionia, and to have 
a strong bitter taste (K. Lahordo, Compt. rend. Ixxviii. 82). 

2. Conv&rsion into Glucose. — Experiments by J-I. Polhst {Ann. Chim. Pki/n. [5*], 
xiii. 394) oiitho action of various substances on cane-sugar as influenced by temper- 
ature and the duration of the action, have led to the following conclusiouH : 

(1) . Under the influence of heat, weak solutions of saccharose alter more rapidly 
than concentrated solutions. 

(2) . Glucose assists in the transformation of saccharose into glucose, in propor- 
tion to’ its pre-existing quantity, but its action becomes nil when the sngar-soliilaon is 
saturated (Gunning). 

(3) . Mineral salts act strongly on saccharose at a certain tomporatim^. Chloride 
of potassium appears to be more energetic in its action than the nitrate. Ammonium 
nitrate has a very energetic action. By boiling for thirty mimites a mixture of 100 
c.c. of water, 10 grams of sugar, and 5 grams of ammoniun nitrate, all tho sugar is 
transformed into glucose. 

(4) . Organic salts have a very weak action. 

(5) . The quantity of glucose found in tho molasses from tho refinery is determined 
by the total influence of time, heat, and mineral salts, in addition to the qunntity of 
glucose pre-existing in the unreflnod sugar. 

3. Inversion and Fermentation. — Cane-sugar is readily inverted by certain fer- 
ments, such as Pcnicillmm glaucum and Aspergillus niger ; several specit's of Mucor, 
however {M. mucedo, M. circinelldides, &c.), have no action upon it. Two species, 
M. spinosus and M. oircmcllozdes, resemble one another in their action on beer-wort, 
but the second is much tho^more active. When these bodies are placed in liquids 
destitute of free oxygen> their mycelium tokes tho form of colls which multiply with 
great rapidity ; the mycelium, however, reverts to the ordinary form directly tho liquid 
is aerated. In solutions of dextrose and levulose, alcoholic fermentation is set up, as 
in beer-wort, but in a solution of cane-sugar there is no fermentation ; if, however, 
spores of Torulas, or of any other ferment capable of inverting cane-sugar, bo added, 
the ordinary alcoholic fermentation commences. Hence it appears that cane-sugar is 
not directly fermentable (XJ. Gayon, Compt, rend. Ixxxvi. 52). 

BeteGtio7i.--llo detect sugar in glycerin, R. Bottger {Zeitsohr. anal. Chem. x. 
508) mixes 5 drops of the glycerin*with 100 drops of distilled water, 1 drop of nitric 
acid of sp. gr. TS, and 30 to 40 mg. ammonium molybdate, and boils the mixture. 
If sugar is present, the liquid assumes a deep blue colour. 

Wstimation.--l. By Ferric Chloride. The property of sugar to prevent tho 
precipitation of ferric chloride by ammonia may be made available for the estimation 
of sugar. lOO milligrams of iron in tho state of ferric chloride require 2*587 g. 
sugar to keep the liquid clear on addition of ammonia. Accordingly, to this qiiantity of 
the sugar to he examined— -after addition of ammonium oxalate to separate any lime 
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that may he present — ammonia is added in excess, and then solution of crystallised 
ferric chloride as long as the liquid remains clear. The number of mgm. of iron added 
without the formation of a precipitate will then gire the percentage of real sugar in 
the sample : the solution must not he heated. If the ferric chloride has been decom- 
posed by prolonged heating at 100°, 2*710 g. sugar will he required to keep lOO mgm. 
iron in solution. As invert-sugar acts much more strongly in this way than crystal- 
lisahle sugar (0'387 g. saccharose after inversion acting as strongly as 2*587 g. 
before inversion), the saccharose must, previous to titration, be freed from invert- 
sugar by treatment with cold alcohol (E. Bifiard, Cornet, rend. Ixxvii. 1103). 

2. C. Nicol {Zeitsch'. anal. Chem. 1875, 179) finds by comparative experiments 
that the inversion of sugar, with a view to its determination by Eehling’s solution, 
is best effected by heating it in sealed tnhes at 130°, the inversion being then com- 
plete either with or without the addition of an acid, whereas if the sugar is heated 
in an open vessel, the addition of an acid is necessary. Ko difference was observed 
between the action of sulphuric and that of hydrochloric acid. 

On the comparative merits of various methods of estimating cane-sugar, see 
G-. 0. Stewart {Chem. Ferns, xxxi. 212, 223), H. C. Humphrey {Amer. Chemist, vi. 
203 ; Chem. News, xxxiii. 205). A table of the properties of different varieties of 
cane-sugar, founded on an investigation by Lotmann, is given by B. E. Smith {Chem. 
News, xxxiii. 225). On the estimation of sugar in coloured liquids containing 
glucose, see Pellet a. Parqnier {Monit. scient. [3], vii. 1074 ; Jahresh. f. Chem. 
1877, 1193). 

Estimation of the yield of Pure Crystallisahle Bugar frcm various raw Beet-sugars. 
G. Scheibler {Zeitschr. des Vereins filr die BiibenencJcer-indiostrie, 1872, 297 ; JDmgl. 
pol. J. ccvi. 48) describes an improved method of carrying out the process devised by 
Payen in 1846, by which the syrup adhering lo the already crystallised sugar is re- 
moved by washing with an acid saturated solution of sugar in alcohol of about 85 per 
cent. Por Payen’s single washing fluid and tared filter, Scheibler substitutes the 
following fluids and apparatus: — ^(1). Alcohol of 99-100 per cent.; (2). Alcohol of 
96 per cent, saturated with sugar ; (3). Alcohol of 92 per cent, also saturated ; and 
(4). Alcohol of 85 per cent, mixed with 5 vols. per cent, of ordinary acetic acid and 
saturated with sugar. About 20 grams of the sugar to be tested is weighed into 
tared tubes about 2 centimeters wide and 15 centimeters long, having a narrow tube 
fused on to them at one end, and containing a plug of felt or cotton-wool just above 
the junction of the wide and narrow portions. These tubes axe connected by their 
narrow ends with bottles, in which a partial vacuum can be created by some con- 
venient means, such as a Bunsen water-pump, while their wide upper extremities are 
closed by corks carrying two tubes, one of which serves for the admission of dry air, 
• and the other (carrying a stopcock) for the introduction of the washing fluids by 
means of a pipette. The sugar is first covered with absolute alcohol and left to stand 
for fifteen minutes ; this liquid is drawn off and replaced by Ho. 2, which is followed 
by Ho. 3, and then by Ho. 4. This last, which is the effective solvent of the syrup, 
is left on the sugar for fifteen or twenty minutes, and is then allowed to run off 
slowly ; more is added and run off, and so on, till the sugar imparts no more colour 
to the liquid. The remaining portions of (4) are then displaced by the other liquids, 
used in reverse order, and the nearly pure sugar left is dried by passing air through 
it while the tube is surrounded by a metallic casing filled with steam. The weight of 
the residue so obtained is obviously that of the sugar which existed ready ‘crystallised 
in the original specimen plus sand and other impurities insoluble in spirit. It is now 
only necessary to ‘ polarise ’ this residue to determine the quantity of sugar which it 
contains, and so obtain all the data required to ascertain how much crystallised sugar 
was contained in the original. 

Estimation of Saccharose in Coloured Liquids containing Glucose. — The following 
method is recommended by Pellet a. Pasquier {Monit. scicnt. [3], vii. 1074). (1). 100 
grams of the liquid under examination (molasses) are diluted with water to a total 
volume of 500 c.c. (2). 100 c.c. of this liquid are mixed with 40 c.c. of a solution of 
lead acetate (sp. gr. 1*150--1*200) diluted with water to 200 c.c. and filtered. (3). Of 
this filtrate, 100 c.c. are mixed with 10 c.c. acetic acid, and examined in the sacehari- 
meter, the observed* rotation being reduced to 100 c.c. of the normal liquid, and the 
sugar calculated for 100 g. of normal molasses. (4). 50 c.c. of the liquid obtained as 
in (2) are mixed with 10 c.c. hydrochloric acid, inverted at 70° ; slightly supersaturated 
with soda when cold ; acidulated with acetic acid; diluted to 100 c.c. ; mixed (if too 
strongly coloured) with 1 g. animal charcoal; filtered ; introduced into the sacchari meter; 
the temperature determined ; and the quantity of crystallisahle sugar calculated ac- 
cording to the following formulae (the first applying to Soleil’s, and the second to 
Laurent’s saccharimeter), in which S denotes the sum of the saccharimetric readings 
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before and after inversion — te, the entire diminution of rotation — and T the tempera- 
ture of the inverted solution at the time of observation : 

Formula for Soleil : 

P = i224 and^i?igorP.0.1635 
288-0? 100 

Formula for Laurent : 

P = JOOA and— or P . 0-1620 
288-T 100 

(5). To determine the normal glucose, 10 c.c. of No. 2 are mixed v^ith sodium carbonate 
and diluted to 100 c.c., of which 30 c.c. are to be mixed with 30 c.c. copper solution, 
warmed in the water-hath, and the copper precipitate weighed. (6). To estimate the 
total sugar, 10 c.c. of liquid No. 2 are mixed in a flask of 250 c.c. capacity with 10 c.c. 
sulphuric acid (100 g. H-SO** in the litre) and 50 c.c. water ; the mixture is heated in 
the water-bath for half to three-quarters of an hour, then diluted to 250 c.c. ; the 
total glucose estimated as above in 30 c.c. of the liquid, after cooling, and calculated 
to 100 g. of the molasses; the original amount of glucose deducted ; and the difference 
calculated to crystallisable sugar. The ratio of the normal glucose to the difference 
between the crystallisable sugar determined by the saccharimeter and that determined 
by the copper solution, affords the means of estimating the rotatory power belonging 
to the reducing sugar. 

On the Estimation of Saccharose and Ghcose hy the Optical Saccharimeter, see 
Landolt (‘ Las optische Lrehungsvermogen Organischer Substanzen,’ Braunschweig, 
1879, 148-188). 

Sugar maoiufacture. — On the Eefining of Sugar, see Wicholhaus {Ncnc Zeit^ 
schrift fur die Bubenzucker Industrie, 1878, 177-318; Jahresh.f. Ghem, 1879, 1149; 
Chm, Soo. J. xxxiv. 690); by the use of Alumina : Kohlriiusch (Ohe?n. Cc?iir. 1878, 
186). 

Purification of Syrups by boiling with dilute Sulphuric and ITydrochlorie acid; 
Margueritte {BingL pol. J. ccx. 327; Jahrcsb. f. Clmii. 1874, 1167) ; by Ammonium 
Phosphate and Baryta: P. Lagrange {Cemifgt, rend. Ixxvii. 1245 ; Ghem. Soo. J. xxvii. 
209 ; Jahrcsb. 1873, 1072 ; 1874, 1169); by Phosphoric acid: Vibrans {Bingh pok J, 
ccxxi. 387, 579; Jahresb. 1876, 1138) ; by Calcium Borate: Locale a. Gaudry (Bmyk 
ccxx. 154; Jahresb. 1876, 1139). 

Lecalcification of Syrups by Phosphoric acid : Scheibler {Bingl. pok J. ccxxi. 257 ; 
Ghem, Soo. J. xxvii. 1189; Jahresb. 1874, 1167). 

Purification of Beet-juice with Barium Carbonate and Hydrate: Lagrange (Gomgt. 
rend. Ixxx. 397 ; Jahresb. 1875, 833), 

Eecovery of Crystallisable Sugar from Molasses : H. Schwarz {Bingl. ccxxvi. 182 ; 
Jahresb. 1877, 1189; CJieni. Soc. J. xxxiv. 179); Lrovermann (Ghemischo Industrie- 
zeitung, 1878, 214; Jahresb. 1878, 1151); Zenisok {Jahrosb. 1878, 1152), Bocovory 
from Calcium Sucrates: Lrevermann {Ghem. Gcntr. 1879, 46); Stiffens, Manoury, 
Mateyezek a. Lrevermann {Ghem. Gentr. 1879, 269 ; Jahresb. 1878, 844). 

Effect of Salts on the Crystallisation of Sugar: Lurin {Gompt. rend. Ixxxi. 621 ; 
Jahrcsb. 1875, 1126); Lagrange {Bingl. cexix. 363 ; Jahresb. 1876, 1138). 

2. Xiactose, or IWCilfc-sugar, This sugar, when boiled with dilute 

sulphtmc acid (J acid diluted with 2 vols. water), the water being continually renewed 
as it evaporates, till a light brownish coloration is produced, splits up into two sugars 
or glucoses, viz. L e x i r o s c and Galactose. To separate these, the solution 

is neutralised with calcium carbonate, mixed with baryta water, then treated with 
carbon dioxide, concentrated, left to crystallise slowly, and finally mixed with alcohol, 
whereupon the galactose separates in the form of a crystalline mass ; and the mother- 
liquor, especially on addition of absolute alcohol, yields a second crystallisation, con- 
sisting of dextrose. The separation of these glucoses may also be effected by means 
of alcohol of 95-98 per cent., in which the latter is the more soluble of the two. 

Galactose crystallises in prisms, melts at 118°-120°in the air-dried state, at 142°- 
144° after drying at 100°. It reduces only 4 mols. cupric sulphate, whereas dextrose 
reduces 5 mols. By oxidation with nitric acid it is converted into mucic acid. Heated 
at 160° for twenty-four hours with acetic anhydride, it is converted into pontacetyl- 
galactose, C‘^H^(C“H*0)'''’0'*, a pale gum-like substance, which softens at 62°, and 
melts at 66°-67®. The dextrose from milk-sugar was at first regarded as a distinct 
modification, and called Lactoglucosc ; but subsequent experiments have shown that it 
is identical with grape-sugar. It melts in the air-dried state at 70°-71°, and at 132°- 
135° after drying at 100° (Fadakowski, £cr. ix. 42, 278; xi. 1069). 

Synthesis of Lactose.— ^'Wh.Qxi the mixture of galactose and dextrose obtained 


= Sugar for 100 c.c. 
— Sugar for 100 c.c. 
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as above is heated to boiling ■with 3 pts. of acetic anhydride (b, p. 146®-150°) in a 
reflux apparatus till the mass is completely dissolved, and the product is then treated 
with water, a viscid ether is formed having the composition 

and identical with that which Schiitzenberger obtained by heating milk-sugar with 
excess of acetic anhydride (vi. 1045). The two products agree in melting point (52°), 
and in specific rotatory power, the ether prepared as above giving [a]D = 4 * 30*82°, 
Schiitzenberger’s ether + 31° ; both readily give off acetic acid when exposed to the 
air, and when saponified with alkalis yield one and the same product, ■viz. milk-sugar. 
The specific rotatory power of the lactose thus obtained from the ether prepared as 
above described was found to be [a]D= +56*7°, that of natural milk-sugar being 
+ 56*4°. The synthetically prepared lactose, heated for two hours at 140-145°, 
yielded an anhydride, C‘2H--0“, having a specific rotatory power [a]^ — 60*05° ; that 
of dehydrated milk-sugar is, according to Biot, [a]jj= +60*28° ; according to Berthelot, 

+ 59*3° (Demole, ^er. xii. 1935). 

On the Alcoholic Fermentation of Milk-sugar, see Milk: (p. 1325). 

3. Maltose, + H^O. This isomeride of saccharose and lactose is the 

final product of the action of malt-extract on starch. It is less soluble in alcohol 
than dextrose, has a specific rotatory power of + 164 to + 155° for the transition-tint, 
and its cupric oxide reducing power is to that of dextrose in the ratio of 62 or 63 to 
100. By the prolonged action of acids it is converted into dextrose (O’Sullivan, Chem, 
SoG. J. XXV. 579; xxxv. 771). See also Starch (pp. 1821-1823). 

4. Melezltose, This kind of sugar, first obtained from the manna 

of various species of Eucalyptus growing in Tasmania (vii. 869), has also been obtained 
from a Persian manna, originating from a leguminous plant called VAlhagiMaurorum. 
The aqueous extract of the manna evaporated to a syrup and treated -with animal 
charcoal, yields, after several months, a crop of monoclinic crystals which, after 
recrystallisation from alcohol of 60 per cent., are quite pure, and have the composition 
Oisgszon + H^o. The water of crystallisation escapes readily at 100°, or in a vacuum 
over sulphuric acid, slowly at ordinary temperatures. 

Melezitose melts at a temperature a little above 1 40°, and has a dextrorotatory 
power of 94° 48' for the transition-tint, 88° 5 'for the line D. 'When boiled with 
dilute acids, it yields nothing but dextrose; with nitric acid it gives oxalic but no 
mucic acid. 

The manna above mentioned was found to contain also saccharose and a syrupy 
sugar which reduced Fehling’s solution, but was not fermentable. The saccharose 
was extracted by dissolving the mother-liquor of the melezitose in alcohol, and adding 
ether till the solution became turbid, the saccharose then crystallising out after a 
few days (A. Villiers, Comjpt. rend. Ixxxiv. 35 ; Ann, Chim. Fhys. [5], xii. 43). 

5. Another sugar isomeric with saccharose is formed when a solution of perfectly 

pure glucose in absolute alcohol, well cooled with ice, is saturated in the dark -with 
dry hydrogen chloride. The saturated .solution is heated ; the acid evaporated in a 
vacuum over sulphuric acid ; the coloured syrup is saturated with caustic baryta, and 
repeatedly dissolved in alcohol of 94 per cent. ; and the solution, after being left to 
evaporate without heating, is treated with ether to remove a substance having a strong 
bitter taste. The sugar thus obtained is colourless, has the aspect and taste of gum, 
is very hygroscopic, and dissolves very readily in water. At 100° it gives off ^ of its 
weight of water, and becomes hard and transparent; but to obtain it perfectly 
anhydrous, it must be dried for several days at 130° in a stream of carbon dioxide. 
It is not fermentable. Its aqueous solution does not reduce Fehling’s liquid. When 
heated at 160°, it decomposes according to the equation + H^O = 2C®H^20®, 

yielding a sugar having the composition of glucose, but not identical therewith, inas- 
much as, though it reduces a solution of copper, it has a very sweet taste and is very 
difficult to ferment. The compound C‘*I1*‘‘(0'-^H^0)®0" which Schiitzenberger obtained 
by heating cane-sugar with a large excess of acetic anhydride (vii. 13 95), is perhaps 
the octacetyUderivative of this sugar, its formation being analogous to that of the 
aldanes (vii. 32) from the aldehydes of the fatty series (Gautier, Btill. Boc. Chim, 
[2], xxxii. 33). 

Glucoses, Bextroglucose or Bextrose. Oemrrmce . — ^Ac- 

cording to E. Mach {pingl. pol. J. ccxxv. 470), the sugar of the grape in the unripe 
state is chiefly dextrose ; at the time of the general gathering it is almost wholly 
invert-sugar, while during the time of over-ripening the levulose becomes predomi- 
nant. During fermentation the levulose is first attacked, afterwards the dextrose ; 
cane-sugar added to the mixture remains unaltered till the middle of the fermentation, 
and then disappears. Must of wine mixed "with cane-sugar yields a Isevorotatory 
wine ; must mixed with grape-sugar, a dextrorotatory wine. 
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Dextrose occurs in Gimhom barks, probably as a decomposition-product of quino- 
tannie acid (Carles, Fharm. J. Trafis. [3], iii. 643). 

Formatmi mid ^re;pamtion from Saccharose . — Durin {Gom^t. rend. Ixxxyii. 754) 
finds by direct experiment that the conversion of the saccharose of sugar-juices into 
glucose is due, not to fermentation, but to purely chemical action, and^ that it is 
accelerated by heat. The presence of previously formed glucose has no influence on 
the result, but the reaction of the solution is of importance, the conversion being 
much quicker in acid or neutral than in alkaline solutions. 

Neubauer {Zeitschr. anal. Ghent, 1876, 188) prepares pure dextrose by adding 
white cane-sugar in fine powder by successive portions to a mixture of 600-600 c.c. 
alcohol of 80 per cent, and 30-40 c.c. fuming hydrochloric acid. The liquid when 
saturated is poured oflf, and left to crystallise in a covered vessel ; and the crystals of 
dextrose thus obtained are washed with alcohol till the liquid runs off neutral, then 
dried, and recrystallised from boiling alcohol. 

According to 0. Hesse (Zieb. Ann. cxeii. 169), the melting points of glucoses of 
various origin are not identical, but are always comprised between the limits 80° and 
84°. Honey-sugar melts at 83°. Starch-sugar, after purification with alcohol and 
water, agrees with honey-sugar in every respect. On the rotatory power of these 
sugars, see p. 1221. 

Sodium-glucose, C®H'^NaO®, is obtained on adding sodium ethylate to a solution of 
dextrose in absolute alcohol, as a white bulky precipitate, which, when quickly filtered, 
washed with absolute alcohol, and dried over sulphuric acid, forms a white or yellow- 
ish-white powder, extremely hygroscopic, soon becoming glutinous when exposed to 
the air, and apparently decomposing into sodium hydroxide and glucose. ^ When 
heated in a stream of hydrogen at the temperature of the water-bath, it gives off 
2mols. water, and yields a brown amorphous mass, the formation of which begins at a 
temperature a little above 70°. Sodium glucosate dissolves in aii alcoholic solution 
of bromine, yielding bromoform, and the compound 0^“H-‘0^‘Jll'aBr, which separates 
after a while in white laminar crystals (Honig a. Kosoiifold, Bcr. x. 871). 

Acetonitrose, C“E^(C“H^O)'‘0®NO^ is formed by the action of fuming nitric acid 
on aeetochlorhydroso, 0'T1^(G-H-*0)''0'’C1, the product of the action of acetyl chloride 
on glucose (vii. 12). The acetochlorhydrose required for the purpose need not bo 
quite pure, but merely freed from acetic acid by heating it to 120°, and passing a 
stream of air through it. It is then to be mixed in a vessel cooled l)y ice, with 15 to 
20 times its volume of fuming nitric acid, and the mixture, after standing for several 
hours, poured into ice-cold water. White flocks are then deposited, quickly changing 
to a heavy powder, which may easily bo freed from a small quantity of unaltered 
acetochlorhydrose by crystallisation from other and alcohol. Acetouitroso crystallises 
in white oblique prisms, or large rhombic plates. It is tasteless, insoluble in water, 
sparingly soluble in alcohol and etbor, not explosive by lioat or by percuHsion. It 
melts at 145°, has a density of 1*3487 at 18°, and is dextrogyrate, [a] 7 » H- 150. 
Heated to 100° in aqueous or alcoholic solution, it is converted into a body which 
reduces copper-solution, and is blackened by alkalis. Nascent hydrogen decomposes 
it with evolution of ammonia (A. Colley, rend, Ixxvi. 437). 

Detection . — For tho detection of dextrose in presence of dextrin and allied bodies, 
C. Barfoed {Zeitschr. anal. Chem. 1873, 27) uses a solution of cupric acetate, which, 
when mixed with a solution of dextrose, gives, after a short time, a precipibite of 
cuprous oxide, whereas a solution of dextrin similarly treated remains uiialtored fur 
several days. Moreover, a solution of cupric acetate, very slightly acidulated with 
acetic acid, gives when boiled with dextrose and left to stand for a short time, a pre- 
cipitate of cuprous oxide, whereas pure dextrin gives no reduction. Q um, cane-sugar, 
and milk-sugar behave in the same manner as dextrin. Barfoed points out that the or- 
dinary methods of testing dextrin for dextrose are untrustworthy, inasmuch as Eohling’s 
solution is reduced at ordinary temperatures even by very weak solutions of dextrin. 

To detect glucose in presence of saccharose, E. Bottger {J. pr. Chem. Ixx. 432) 
mixes the liquid with an equal volume of sodium carbonate solution (1 pt, of the 
crystallised salt to 3 of water), adds a pinch of basic bismuth nitrate, and heats the 
liquid to the boiling point. Under these circumstances, the slightest blackening or 
grey coloration of the bismuth-salt may be regarded as a sure indication of the 
presence of glucose. In the application of this test to the detection of glucose in 
urine and other animal fluids, or in vegetable juices, the blackening of the bismuth 
may arise from the action of sulphur re.sulting from the decomposition of albuminoids. 
To eliminate this source of error, E. Briicke Akad. Bcr. 1875, 52) makes use 

of a solution of potassium-bismuth nitrate, which precipitates albumin and its deri- 
vatives. This reagent is prepared by dissolving basic bismuth nitrate in a hot solution 
of potassium iodide, with addition of hydrochloric acid. Tho liquid under examination 
is acidulated with the same acid, thou treated with the reagent, and filtered. The 
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filtrate should not he clouded either by a drop of dilute hydrochloric acid or by a 
drop of the test-liquid. .This condition being fulfilled, the liquid is to be super- 
saturated with a concentrated alkaliT-solution, whereby a white flocculent precipitate is 
produced, and boiled. The presence of glucose will then be indicated by a blackening 
of the liquid from reduced bismuth. 

Estimation* — {a). Ej Fehlmg's Sohition. — (j.'Kj^QXis{Zeitschr.anal. Chem, 1873, 
323) mixes a measured volume of the sugar-solution with excess of Fehling’s solution, 
and collects the separated cuprous oxide on a filter, dissolves it, after washing, in 
nitric acid, supersaturates with ammonia, and titrates with potassium cyanide. E. 
Mohr (iUd. 296) proceeds in the same manner, excepting that he oxidises the cuprous 
oxide with ferric sulphate or solution of iron-alum, and determines the resulting 
ferrous sulphate by titration with a normal solution of potassium permanganate. 

Loiseau points out ( Gompt. rend. Ixxvi. 1 602) that the estimation of small quanti- 
ties of dextrose by Fehling’s solution may become inexact if the liquid contains a 
considerable quantity of caustic soda. If the sugar-solution be added by drops to the 
strongly alkaline copper-solution, a larger quantity of it will be required to destroy 
the blue colour than when the titration is quickly performed. If the separated 
cuprous oxide be boiled with strong soda-ley, and the liquid then left at rest for some 
time in contact with the air, it will recover its blue colour. ‘W'ater alone, and a 
solution of normal sodium tartrate, do not exhibit this reaction. These sources of 
error may be avoided by reducing the alkalinity of the solution to such a point that 
1 litre of the copper- solution shall be neutralised by 240 e.c. of decinormal sulphuric 
acid. 

Boivin a. Loiseau {Qompt. rend, Ixxix. 1263) observe that Fehling’s solution, when 
diluted with distilled water and boiled, deposits cupric oxide, and becomes more or less 
decolorised, but that this decoloration does not take place when river-water (Seine- 
water) is used instead of distilled water. They attribute the decoloration to a dis- 
sociation of the alkaline copper-solution by the pure water, which is prevented by the 
presence of a small quantity of soluble salts. G. Missaghi {Gass. cUm. ital. 1875, 
414) suggests, as a more rational mode of preventing the decomposition in question, 
the addition of a few drops of a solution of tartaric acid or Eochelle salt to the 
reagent. 

Champion a. Pellet {Compt. rend. Ixxx. 181) attribute the non-decoloration of the 
solution in presence of certain salts, especially calcium salts, to the formation of a blue 
precipitate, which indeed is easily proved by adding a sufficient quantity of the salt 
and filtering, the liquid then running through colourless. Salts which, like the 
chlorides of potassium and sodium, give rise to the formation of cupric chloride, pro- 
duce on boiling a greenish tinge in the liquid. 

Possoz {Compt. rend. Ixxv. 1836) observed that Fehling’s solution, when it con- 
tains excess of alkali, precipitates cane-sugar as well as glucose. To prevent this, he 
mixes the solution with an alkaline bicarbonate, or passes carbon dioxide into it. 
The resulting solution of potassio-cupric tartrate + alkali-carbonate has no action on 
cane-sugar at 60°-90°, and may therefore be used for the estimation of glucose in 
presence of cane-sugar. The liquid to be tested is mixed with this solution, and kept 
for about three-quarters of an hour at 76° ; and the cuprous hydrate formed is collected 
on a filter, washed, transferred while still moist to a basin, and treated with hydrochloric 
acid and potassium chlorate, whereby it is converted into cupric chloride, which may 
be titrated with .stannous chloride (Champion a. Pellet, loo. cU.) 

P. Lagrange {ibid. 1006) prepares a very stable Fehling’s solution, not reduced by 
boiling either alone or with cane-sugar, by dissolving 10 pts. pure cupric tartrate in 
400 caustic soda and 500 distilled water, and keeping the solution at the boiling heat 
for twenty-four hours, renewing the water as it evaporates. The cupric tartrate is 
prepared either by decomposing the sulphate with normal sodium tartrate, or by dis- 
solving recently precipitated and well-washed cupric hydrate in the required quantity 
of sodium tartrate. According to Missaghi {loc. cit.) the only way of preserving this 
test-liquid from alteration is to keep it in sealed vessels. 

i8. With MerctiHo Iodide. — This method is adopted by E. Sachse {Dingl. pol. F. 
ccxxi. 570; Jahresh.f. Chem. 1877, 1087). The reagent is prepared by dissolving 
18 g. pure mercuric iodide and 28 g. potassium iodide in water, adding 80 g. potassium 
hydroxide, and diluting to a litre. The reaction is complete when a drop of the mix- 
ture no longer produces a brown precipitate in an alkaline solution of stannous oxide. 
40 c.c. of the test-solution contain 072 g. mercuric iodide, and are equivalent to 
0T342 g. grape-sugar. 

According to Strohmer a. Ellauss {Cham. Centr. 1877, 713), this method is appli- 
cable only to the estimation of dextrose in pure solutions of that substance, not in 
solutions which also contain saccharose. It may, however, also be applied to the 
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estimation of inrert-siigar, provided that no other kind is present in the liquid, 
Erythro- and achroo-dextrin (the constituents of commercial dextrin) may be boiled 
for a quarter of an hour with a Fehling’s solution containing only half the quantity 
of Eochelle salt usually added to it, without producing any alteration in it, so that the 
estimation of dextrose by means of a copper-solution may bo effected in presence of 
these two bodies, whereas Sachse’s method would be inapplicable in such a case. In 
the valuation of different sorts of starch-sugar also, the results obtained by Sachse’s 
method are too high, whereas Eehling’s solution, applied with all the precautions 
already indicated, gives satisfactory results. 

According to Heinrich, on the other hand {Qliem. GenU\ 1879, 409), dextrose and 
invert-sugar may be correctly determined in the presence of very varying amounts of 
saccharose by the use of an* alkaline solution of mercuric iodide containing a smaller 
proportion of potash than that directed by Sachse. Tho test -liquid contains 25 grams 
potassium iodide, 18 grams mercuric iodide, and 10 grams potassium hydroxide in 
1000 c.c. water. For the determination of small quantities of invert-sugar not more 
than 5 c.c. (preferably 2*5 c.c.) of the standard liquid should be employed, which 
should be previously titrated against a very dilute sugar- solution prepared by in- 
verting saccharose. If less than 0-1 per cent, invert-sugar be present in the liquid 
under examination, 2*5 c.c. of a solution prepared by dissolving 10 grams KHO in 
1000 c.c. water, should be added to each 2*5 c.c. of the standard solution before titration. 
The standard potassio-mercurie iodide liquid containing only 10 grams KHO per litre 
is not affected by ammonium salts. 

Iievulose, C®H^"0®. According to Krusemann {Bor. ix. 1465), the rotatory 
power of levulose (prepared by heating iimlin from clecampanc-root with water tinder 
pressure) varies with the time during which tho heating has boon continued, increasing 
at first up to a certain point, and afterwards diminishing ; thus : 

After heating for ,8 16 24 32 40 48 50 64 hrs. 

The rot. power was 10° 27' 15° 23' 15° 44' 16° 15° 24' 15° 21 15° 17' 14° 61' 

Levulose dissolved in water, and treated with sodium-amalgam at ordinary tem- 
peratures, is converted into mannitol, Dextrose undergoes tho same trans- 

formation (Krusemann, Ber, ix. 1465). 

Invert-sugar. Fruit-sugar. Tho mixture of equal parts of dextrose and 
levulose, known by those names, occurs, together with add malates and triticin, in 
the root of couch-grass (H. Muller, Arch. Bharm. [3], ii. 500 ; iii. 1). 

The conversion of saccharose into invert-sugar may bo offoetod in pure solutioiiH 
by heat; it is favoured by the presence of glucose, provided tlio sju'charoso-solution is 
not at its highest degree of concentration; considoral4y also by mineral salts, such as 
nitrate and chloride of potassium, slightly by organic salts. The percentage of 
saccharose inverted is in general much greater in dilute than In concentrated solution. 
The glucose of refinery molasses is formed by tlie action of tho substances above 
mentioned (H. Pellet, A'mi. Qhlm. Bhys. [5], xiii. 394). 

Maumen6 {Comyt. rend. Ixxx. 1139) finds that invert-sugar varies considerably in 
composition and properties according to the manner in which it is prepared, and that 
even when a uniform product is obtained by tho use of given quantities of aeid and 
sugar, and maintaining tho action at the same temporaturo and for tho same time, it 
will be variously altered by alkalis, according to tho nature and quantity of the alkali 
used, and especially according to temperature. He regards invert-sugar a.s a varialjhs 
mixture of dextrose, levulose, and an optically inactive sugar. This last was obtaiiu'd 
by mixing 500 g. white lionoy with 1 litre of alcohol of 90 per cent, at a gtmdo heat, 
and cooling the mass nearly to 0°, whereupon a nearly colourless heavy pr(^cipitato 
having a bulk of 116 c.c. separated, which dissolved almost completely in water, and 
exhibited no rotatory power, but became slightly dextrogyrate when warmed. Milk 
of lime added to the cooled solution threw down a laevogyrate sugar, while the solution 
turned the plane of polarisation to the right. 

Invert-sugar is oxidised by nitric acid to oxalic acid, by manganese dioxide and 
sulphuric acid, and by lead dioxide to formic acid (H. Miiiler, Arch, Bharm. [3], 
iii. !•). 

On the Estimation of Invert-sugar by means of a solution of Potassio-mercurie 
Iodide, see above. 

Znoslte and Iffucite, Tanret a. Villiers {Compt. re^id, Ixxxvi. 486) 

found that inosite from inuscular flesh and from green peas is crystallographically 
identical with nucite obtained from the leaves of the walnut (p. 1421). They also 
find that inosite is accompanied in plants by a fermentable sugar which reduces 
Eehling’s solution, on which account they consider that inosite may bo a product of 
the transformation of glucose. 
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Mateasite, This sugar has been found by Aim^ Girard ( Compt. rend. 

Ixxvii. 995) in the caoutchouc of Madagascar, accompanying bornesite and dambonite 
(vii. 206, 421), which it closely resembles. Matezite is white, crystallisable, easily 
soluble in water, sparingly in alcohol, from which it separates in groups of crystalline 
nodules, hard and grating between the teeth. It melts at 181®, and, when cautiously 
heated, sublimes at 200®-210®. It is Isevogyrate, its rotatory power being 79°. With 
sulphuric acid, nitric acid, copper-solution, and ferments, it reacts in the same manner 
as dambonite and bornesite. Heated with fuming hydriodic acid in a sealed tube 
at 110°, it is resolved into methyl iodide and another sugar, called matezo- 

dambose : 

ei0220O» + HI = GH®I + C®H*80». 

Matezodambose is sweet, easily crystallisable, more soluble in water than dambose or 
borneodambose. It is dextrogyrate, with a rotatory power of 6°. It melts at 235°, 
and behaves to reagents like dambose and borneodambose. The following table 
exhibits a comparison of the properties of matezite and its analogues, and of the 
three sugars produced from them by the action of hydriodic acid : 


Dambonite, C^H®0® . 

M. p. 

. 205° 

Bot. 

power 

none 

Dambose, 

M.p. 

. 212° 

Bot. 

power 

none 

Bornesite, . 

. 200 

+ 32° 

Borneodambose, C^H’^Qe , 

. 220 

none 

Matezite, . 

. 181 

-79° 

Matezodambose, . 

. 235 

+ 6° 


SXrXiPHACETAMZBZ:, CH^CaNH^. See Thiamides. 


SVZ.PHACROX.£ZXrStrZ.PKtrEOVS aczb, 

C^HSS^O^ = CH3.CH(S0SH).0H(0H)(S0SH). 

The potassium salt of this acid is formed by adding 1 mol. acrolein by small portions 
to a well-cooled concentrated solution of 2 mols. sodium-hydrogen sulphite, and is 
precipitated from the resulting solution by alcohol in the form of a thick mud which 
gradually solidifies to crystalline nodules. On its products of decomposition, see 
OxTPJROPANESuLPHONic AciD (p. 1473) (Max Muller, Ber. vi. 1441). 

StrZiPKAZiKTZiACSTZC ACZBS, R'.S.OH^.COOH (Claesson, Ber. viii. 120). 
Bulph ethyl acetic acid, C‘^H^SO*'=C2H®.S.CH^.COOH. — The ethylic ether of this 
acid, first noticed by Blomstrand {ihid. iv. 717), is formed with great evolution of 
heat, on mixing the alcoholic solutions of ethyl monochloracetate and sodium mer- 
captide : 

CH^CLOO^C^H" + C^H^SNa = NaCl -h C^HsS.CH^.CO^C^H^ 

On filtering the liquid from the separated sodium chloride and adding water, the ether 
separates as an oily liquid ; and by heating it in sealed tubes with baryta-water, pre- 
cipitating the excess of baryta with carbonic acid, and decomposing the barium salt 
with sulphuric acid, the sulphethylacetic acid is obtained in the form of an uncrystal- 
lisable oil. It dissolves readily in alcohol and ether, with moderate facility in water, 
is partly decomposed when volatilised alone, but may be distilled with vapour of water. 
Its salts are very easily soluble in water and in alcohol, and do not bear so high a 
temperature as those of the corresponding phenylated acid (p. 1842). They are oxidised 
by nitric acid, and yield a brown viscid precipitate with iron salts. 

The potassium salt, C^H^S.CH'-.CO^K, forms deliquescent crystalline crusts slightly 
soluble in alcohol. The silver salt, C-‘H'SO-Ag H“0, is a crystalline precipitate 
which does not give off its water over sulphuric acid. The harium salt, (C‘*H’^SO’'^)2Ba, 
and the calcium salt, (C^H'’'SO-)-Ca, form radiate groups of needles ; the lead salt 
is a viscid mass. The magnesium salt, (C^H’'SO“)''^Mg + 3H^O, and the zim salt, 
(C^H^SO^)^Zn + 2H^O, are crystalline masses. The cadmium salt, (C'^H^SO-)^Cd + 
H^O, is less soluble than the preceding salts, and crystallises in prisms which melt 
and give off their \«ater at 85°. The manganese salt exhibits similar characters. 
The cobalt salt, (C*H^S02)2Co + forms small violet-red very soluble prisms. The 
nichel salt, + 2H20, is greenish, and in other respects resembles the 

cobalt salt. The copper salt, (d^H^SO-)2Cu-i-2H^O, forms small shining rhombic 
plates, which melt at 90°, and decompose with great facility. The ethylic ether, 
G^H^SO^. C^H®, prepared as above described, is a strongly refracting oil having a 
powerful odour, a density of 1*0469 at 4°, and boiling at 187°~189°. It is not acted 
upon by iodine, but bromine attacks it strongly. Ammonia converts it into sulph- 
ethylacetamide, C^H^.S.CH^.CO.NH^, which crystallises in long thin prisms melting at 
44°, easily soluble in water and in alcohol, decomposing partially when volatilised. 
On heating this ether and methyl iodide in molecular proportion in a sealed tube at 
120°, and leaving the product to evaporate in a vacuum, yellowish crystals are ob- 
Von. VIII. 6 0 



1842 SULPHALKTLACETIC ACIDS. 

tained, consisting oiethylic diethylsul'pUniodacetate, (C^H*)^I^S.CH®.OOOC^H®, which, 
when shaken with silver oxide, yield a strongly alkaline solution. 

SuliphamylaGetic acid, G^H^S.OH^.CO^H, is a thick liquid. Its ethylio ether 
boils at 230°, and has a density of 0*797 at 4°. Its salts, excepting those of its 
alkalis, are but sparingly soluble. The zinc and cadMum salts aTe white precipitates ; 
the cojp^pcr salt crystallises in slender needles. The lead salt is very easily fusible. 

Sulphphenylacetic acid, C«H^S.CIP.COOH.— The ethylic ether of 

this acid, prepared, like that of sulphethylacetic acid, from ethyl chloraeotato and 
sodium phenylmercaptide, is converted by alcoholic potash into a potassium salt 
which separates in crystalline spangles, and by decomposing this salt with hydro- 
chloric acid, the free acid is obtained as an oil which soon solidifies to a crystalline 
mass, and separates from a hot dilute solution on cooling in thin brittle plates. It 
melts at 43*5°, and resolidifies at 28° ; dissolves in all proportions in alcohol and 
ether, sparingly in cold water, easily in hot water ; the solutions have a strong acid 
reaction. It is not distillable alone, but volatilises with vapour of water. It is not 
decomposed by boiling with dilute acid. 

The metallic sulphphenylacetates are for the most part slightly soluble in water, 
insoluble in alcohol ; they may all, except the copper salt, be heated to 1 00° without 
alteration, but begin to blacken and decompose at 200°. The potassium salt, 
C®HIS.0H2.C0“K, crystallises in thin needles having a silky lustre, moderately solu- 
ble in hot water ; it is not decomposed either by boiling its solution, or by fusing it 
with potash. The sodium salt, C®H^SO“aN, which may be obtained directly by decom- 
posing sodium monochloracetate with an alcoholic solution of sodium phenylmercaptide, 
forms crusts made up of nodular groups of crystals. Th& silver salt, -f JS-0, 

is a white precipitate. The harkmisalt, is a crystalline mass of slender 

needles moderately soluble in hot \vator. Tho calmmi salt, (CTI^SO-)"(.ja, forms 
groups of oblique tablets. Tho lead salt, (C”IPSO*)"Pb, is an amorphous precipitat e 
which quickly hardens and melts at 60°. Tlio maynesmu salt, (0*^n''SO*)'*'Mg + 3H“0, 
forms shining scales ; the sine salt, (0'^II’SO“)“Mg f 2H-0, radiate groups of long 
silky needles ; the cadmium salt, (C^H’SO“)“Cd -i- H*0, shining scales. Tho manganese 
salt, (C®H^SO-)"Mn + SH^O, is a bulky mass of oblique tables. Tho copper salt, 
(C®B[^SO'^)'Cu, is a green amorphous easily alterable precipitate, becoming viscid when 
exposed in the moist state to the air, and being converted by warming with water 
into tarry masses consisting of a basic salt. The normal salt dissolves readily in 
ammonia, the solution when left to evaporate in a vacuum leaving blue prisms. Tho 
cobalt, 7iickel, aUminmm, ferric, and chromic salts are amorphous precipitat.es. Tho 
ethylic ether, C^H^S.CH'-'.CO.OC^H®, is a liquid boiling with partial decomposition at 
276°-278°, and having, when pure, a sweetish, aromatic, not unpleasant odour. Sp. 
gr. -- 1T36 at 4° ; 1*1269 at 15°. Tho amide, C'dP’S.CH-.CO.NIP, prepared from it, 
crystallises from alcohol in small plates melting at 104°, easily soluble in alcohol, loss 
soluble in water, very slightly in ether. 

Bromosidphphenylacetic acid, C“H‘‘Br.S.CI-P.COOH. — Tho ethylic other of this 
acid is formed, with brisk reaction, on adding bromine to a solution of ethylic sulph- 
phenyl acetate in carbon sulphide, and by converting it into tho potassium salt with 
alcoholic potash, and decomposing this salt with hydrochloric acid, tho free acid 
is obtained in shining, sparingly soluble needles wliicli molt at 112°. 

Oxidation-products of tlie Sulpbalkylaoetlc Acids- By acting on a salt 
of either of the preceding acids Avith potassium permanganate (not with nitric acid, 
potassium chromate, &c.), it is possible to oxidise the sulphur lo SO or SO% without 
completely breaking up the molecule. In this way the following acids have been 
obtained. 

Bulph 071 ethyl acetic acid, CWS-O^^C-HASO^.CH^.GOOH.— -This acid, sepa- 
rated from its zinc salt by hydrogen sulphide and concentrated in a vacuum, forms a 
thick uncrystallisable liquid, which, as well as most of its salts, is very soluble in 
water. The potassmm salt, C*H^S^O‘‘K, crystallises from alcohol in small colourless 
very hygroscopic tablets ; the bariimi salt, (C’‘H"S20'‘)^Ba, in small nodules ; the 
copper salt, (C'‘H^S20^)"Ca-f2H20, in rather large bluish tablets, which give off their 
water at 140°. The si7ie salt and tho silver salt are moderately soluble ; the latter 
crystallises in small needles. The lead salt forms small very soluble tablets. 

Bulphonephenylacetic acid, 0»H8S20'‘«C«H^S02.CH2.C00H, separates on 
adding an acid to the concentrated solution of its potassium salt, in the first instanet' 
as an oil ; and on dissolving this in ether and leaving the ether to evaporate, the acid 
remains in the form of an oil which quickly solidifies. By recrystallisation from water 
it is obtained in small monoclinie crystals, which melt at 100°, have a very sour taste, 
and dissolve readily i-n alcohol and ether. Its salts nre more soluble than those of 
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sulphphenylacetic acid, tlie potassium and zinc salts being even deliquescent. The 
cojpjper salt, (0®H®S0^)2, forms small green moderately soluble tablets. 

Sulphinephen^lacetic acid, C®H®S0®=:0®B[®*S0.CB[^.G00H, prepared by oxidising 
sulphpbenylaeetic acid with half the quantity of permanganate required for the pro- 
duction of the acid^ last described, forms colourless crystals melting at 74°. The 
copper salt is a greyish amorphous precipitate. 

StXZiPBAlVCISIBS- The action of phosphorus pentachloride on some of these 
bodies has been studied by Waliach a. Huth {Ber. ix. 424), with results leading to 
the following general conclusions : (I). Under certain circumstances, phosphorus 
pentachloride acts like a mixture of chlorine and the trichloride. (2). The production 
of phosphoretted intermediate products in this reaction appears to be dependent on 
the particular amidogen-residue attached to the sulpho-group. (3). The oxygen of 
the group SO^NH® cannot be replaced by chlorine. 

Benzenesulphanilide and POP act upon one another at about 100° in the 
manner represented by the equation : 

C®H®.S02.NH.C®H® + PGP = POP + HCl + G^H^.SO^. NH.C^H^Cl. 

The resulting henzenesulphomonochloranilide may be obtained by precipitation from 
the alcoholic solution with water, or better from the benzene solution by precipitation 
with petroleum- ether, and repeated slow crystallisation from benzene, in splendid 
crystals melting at 120°-12l°. Prom ether it crystallises in pyramids. When 
decomposed by hydrochloric acid it yields monochloraniline melting at 70° : 

C®H5.S02.KH.C®H^C1 + H^O + HCl = C®H^Cl.lSrH2 + C«H®SO®H + HCL 

Benzenesulphomonochloranilide may also be prepared synthetically from monochlor- 
aniline and benzenesulphochloride. The isomeric compound, chlorobensenesidphanilide, 
C®H^Cl.SO^.NH.C°H®, prepared from parachlorobenzenesulphochloride and aniline, 
forms needle-shaped crystals melting at 104°. 

The action of phosphorus pentachloride on benzenesulphaTmde is in its first stage 
the same as that which takes place between PGP and benzenesulphotoluide, being 
represented by the equation : 

0«H®S02.NH2 + POP = C®H«.S02NHC1 + PGP + HCl; 

but the compound C®H®.S02,NH01 is not obtained in the free state, as it is further 
acted upon by the phosphorus trichloride in the manner represented by the equation ; 

C«H5.S02.NHC1 + PGP = HCl -i- C®H®.S02.NC1.PCP, 

whereas on benzenesulphochloranilide phosphorus pentachloride exerts scarcely any 
action. 

Wallach a. Huth have confirmed the statements of Limpricht a. von Uslar (v. 486) 
respecting the action of phosphorus pentachloride on sulphohenzaonide,, C^H®N^SO® = 
C®H'‘(S02NH2)(C0HH2), which takes place according to the equation : 

C^HWSO® + PGP = C^H®N2S02.HC1 + POGP -h HCl, 

the resulting compound forming a yellow syrup, which is further decomposed during 
distillation, yielding POOP and chlorobenzonitril. 

13 6 

On Mesitylene-sulphamide, C®.CH®.H.CH®.H,CH®.S02NH“ and ParasulpJiami^ie- 
mesitylenic acid, C®.CO^H.H.CH®.SO“NH2.CH®.H, see pp. 1284, 1285. 

Sulphamme-isophthalic acids, C^H’^NO® = C®H®(C0-H)2(S0^hfH®), are formed by 
oxidation of sulphaminetoluie acids, C®H®(SO-NH-)(CH^)(CO^H), and these again by 
oxidation of xylenesulphamides, C®H®(SO“NH\CH®)2 

SirXiPKXBES. Kammelsberg {Ber. vii. 152) draws attention to the analogy 
which exists between the dimorphism of iron disulphide and that of the native sulph- 
arsenides of iron, nickel, and cobalt. There are, in fact, two series of minerals of the 
general formula HAsS(KSbS), in which E = Pe, Ni, GO, either singly or mixed in 
various proportions, the minerals of the one series being similar in crystalline form, 
tendency to hemihedry, and thermoelectric properties to cubical iron pyrites, while those 
of the other series are similar to marcasite (iii. 402). Since KAsS may be regarded as 
KAs^-f ES^ it follows that the metallic arsenides are isomorphous with the disulphides. 
But the composition of the arsenides of the above metals varies between wide limits, 
whilst the crystalline form remains the same, as is shown by the following examples : 
Pe®As* (from Przibram), FeAs^ ' (Schladming), (smaltine from Eeichelsdorf ), 

E4s^ (Schneeberg), E^As® (Eeichelsdorf), CoAs® (Norway). This would indicate that 
the arsenides themselves are isomorphous mixtures, and, therefore, that though iron 
and arsenic separately crystallise in different systems, they are yet capable of crys- 

6c2 
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talHsing isomorphously when allied together. This is further shown hy the occurrence 
of NiAs and NiSb in the hexagonal system, or isomorphous with arsenic and antimony 

themselves. ^ 1 1 

These considerations both explain, and receive support from, the almost invanable 
occurrence of sulphur, in the most variable proportions, in the natural arsenides of 
iron, &c. Thus Rammelsberg has found gersdorffite (amoibite) to have the formulae 
Ni®As“S-, Ni^As^S®, Ni®As®S^, &c. These compounds may be regarded as formed by 
the union of RS^ with x molecules of the isomorphous compound R“As“. 

Heat of Formation of Metallic Snlphides, — The following determinations 
of the quantities of heat evolved in the action of hydrogen sulphide on metallic oxides 
in solution have been made by Berthelot {Compt. rend. Ixxviii. 1175, 1247). 

kil.-deg. 


Na^O (1 mol. in 1 litres) 
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tt 

it 

15*8 

HgO „ 
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On comparing these numbers with the heats of neutralisation of the same bases 
with other acids, as hydroclilorie, nitric, sulphui'ic, and acetic acid (p. 967), it is 
found that the heat evolved in the formation of the alkali-metal sulphides in solution 
is much less than that which is evolved in the formation of the corresponding 
chlorides, sulphates, acetates, &c. ; and accordingly these sulphides are entirely or 
almost entirely decomposed by hydrochloric, sulphuric, and acetic acid. The thermal 
determinations showed that the quantity of heat evolved in this reaction is nearly 
equal to the difference between the heats of neutralisation of the two acids by the 
alkaline base. 

The action of hydrogen sulphide on metallic salts differs considerably according to 
the nature of the metals and acids, as well as according to the concentration of the 
solution. Hydrogen sulphide precipitates the dilute solutions of lead, copper, mer- 
cury, and silver salts, the reaction being always attended with evolution of heat, 
which is in accordance with the results of calculation for the solid anhydrous salts. 
The action of gaseous hydrogen sulphide on the solid acetates of lead and copper 
gives rise to evolution of heat, and consequently decomposes them. For the chlorides 
of lead, copper, and mercury on the other hand, negative results are obtained, and 
accordingly these chlorides are decomposed by hydrogen sulphide only in dilute 
solution, while on the other hand the corresponding sulphides are decomposed by 
gaseous hydrogen chloride and even by fuming hydrochloric acid. In like manner 
solid silver sulphide is decomposed by gaseous hydrogen chloride, bromide, and iodide 
with evolution of quantities of heat, least with the chloride, greatest with the iodide. 

Decomposition in presence of Water. — According to De Clermont a. From- 
mel {Compt. rend. Ixxxvii. S30) metallic sulphides in contact with water are first 
converted into hydrates, which then decompose with separation of hydrogen sulphide, 
the water in which they are suspended not taking any part in the reaction. On boil- 
ing sulphides with water in a vacuum, decomposition was observed to take place at 
the following temperatures : with arsenious sulphide at 22° ; iron sulphide at 56° ; 
silver sulphide at 89° ; autimonious sulphide at 95°. The decomposition of arsenious 
sulphide by boiling with water exhibits certain peculiarities. The evolution of 
hydrogen sulphide, which is rapid at first, gradually diminishes in consequence of the 
formation of an oxysulphide of smaller dissociation-tension, the decomposition of 
which is slower, but nevertheless goes on till the whole of the arsenious sulphide is 
removed. The decomposition of the sulphide goes on more quickly after addition of 
crystallised arsenious oxide, than on addition of the vitreous oxide resulting from 
decomposition of the sulphide. Artificial arsenious sulphide prepared by fusion is 
but slightly decomposed by water; the native sulphide has a higher tension of dis- 
sociation. Native crystallised realgar gave at first a small quantity of hydrogen 
.sulphide, the evolution of which, however, soon ceased, and was probably due to a 
slight admixture of orpiment, the bisulphide itself not appearing to be decomposed, 
Arsenic pentasidpMde, which was never obtained pure, either by precipitation from 
arsenic acid or from soluble sulpharsenates, yielded as products of decomposition 
merely arsenieus acid and sulphur, never arsenic acid, 
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On the reduction of the Noble Metals by Metallic Sulphides in Mineral Veins, see 
Metals (p. 1287). 

Action of Acid Natassium Sulp hit e. — The evolution of hydrogen sulphide ’ 
observed by Jannettaz (p. 1169) on triturating galena with a solution of this salt, 
takes platfe also -with other native sulphides, briskly with alabandine, MnS, less 
strongly in the case of zinc-blende, ZnS, greenockite CdS, and millerite ZnS (Jan- 
nettaz, loc. cit.) 

Actio 7 i of Ether. — -The action of ether on sulphur and various sulphides of iron 
has been studied by Berthelot {Gompt. rend. Ixxxviii. 890). In every case, on the 
evaporation of the filtered liquid, crystals of pure sulphur were first deposited, and 
afterwards a compound containing carbon, hydrogen, and a considerable proportion of 
combined sulphur. This compound is the result of the chemical action of the sulphur 
on the solvent, aided by the influence of atmospheric oxygen. The reaction is analo- 
gous to that which occurs between free oxygen and hydrocarbons, alcohols, ethers, or 
aldehydes, by which various ill-defined resinous compounds are produced. In the 
case of iron sulphides treated with ether, the oxygen of the air unites with the metal, 
setting free the sulphur, which simultaneously acts on the organic solvent. It is evi- 
dent, therefore, that the so-callod neutral solvents do sometimes act chemically on 
the substances with which they are placed in contact. Hence statements respecting 
the pre-existence in meteorites of crystallisable hydrocarbons capable of extraction by 
organic solvents must be received with great caution. 

Oxidati\on . — Use of Metallic Sulphides as Fuel. — A new application of 
rapid oxidation by which sulphides may be utilised for fuel has been made by 
J. Hollway {Journal of the Society of Arts, February 1879). When air is blown into 
molten ferrous sulphide, oxidation proceeds rapidly, in accordance with the equation 
FeS-P 0^ = Fe0-f-S0^, much heat being evolved. This reaction may be utilised by 
melting iron pyrites with coke in a cupola furnace, transferring the molten ferrous 
sulphide thus produced to a Bessemer converter, turning on the blast, and from time 
to time throwing in charges of pyrites and sandstone. In this way, large quantities 
of pyrites are oxidised without the use of fuel other than that required to heat the 
blast. A siliceous slag is produced, a quantity of mixed slag and regulus, and a 
regulus containing nearly the w^hole of the copper, silver, and gold present in the 
original pyrites. Preliminary experiments show that the process is of wide application. 
The special form of plant to be adopted has not yet been determined, the Bessemer 
converter having been employed only in preliminary trials. The pyrites and sand- 
stone may be thrown into the vessel in lumps. 

The experiments hitherto made establish the following points : 

When air is blown into a thin stratum of molten ferrous sulphide, the whole of 
the oxygen is utilised for oxidation. Pyrites being thrown in, as already described, 
about one-half of the sulphim contained therein is expelled in the free state, with the 
more volatile metallic sulphides, c. g., lead and arsenic sulphide together present in 
the pyrites. The plant may be so arranged that this sulphur may be condensed and 
removed. 

The remainder of the sulphur, about 20 per cent, in all, with the exception of that 
found in the regulus, is principally evolved as sulphur dioxide. The regulus generally 
contains about 22 per cent, of sulphur,* the pyrites about 33 per cent. About 14 per 
cent, of the escaping gases consists of sulphur dioxide, the remainder being nitrogen. 
The sulphur dioxide may of course be utilised in the manufacture of sulphuric acid ; 
or it may be condensed in coke towers. 

In the ordinary method of burning pyrites, although about 45 per cent, of the 
sulphur is oxidised, the gases produced contain only about 16 per cent, of sulphur 
dioxide and 84 per cent, of nitrogen. 

If an excess of iron sulphide is always present, copper, silver, gold, nickel, and 
certain other metals are all concentrated in the regulus. Even if these metals be 
added in the form of oxide or silicate, it is very probable that these compounds will 
be converted into sulphides, and that the metals will be concentrated in this form in 
the regulus. If this be proved experimentally, the process will be suitable for work- 
ing poor copper ores, slags containing copper, silicates of nickel, &c. 

The slag consists chiefly of ferrous ortho-silicate, generally containing traces of 
copper, small quantities of lead, zinc, &c., and a small percentage of sulphur. The 
slag being perfectly fused, only small quantities of copper are entangled therein. The 
small difference between the specific gravity of the slag and that of the regulus (average 
4*1 and 4*8 respectively) prevents the complete separation of the latter. It might, 
however, be possible to add a larger proportion of silica, and so produce a lighter 
slag. 

The exact character of the lining to be used in the furnace remains to be settled : 
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if s’jf&cient silica ba added to produce a slag containing a proportion of silica larger 
than that required by the formula Si0®.2M"0, the molten slag will exert little or no 
r action on a siliceous lining. In one experiment a peculiar slag was obtained, having 
the composition 13 FeO,FeS,7SiO*, a density of 4-2, a metallic aspect, and crystal- 
lised in confused prisms. 

Bottble Sulphides. Sulphur Salts. R. Schneider (Poyy. An7i. cxxxvi. 
460; cxlviii. 625; cxlix. 381; di. 437; cliii. 588; Jubelbd. 1874, 158; Chsm. 

[2], vii. 214 ; ix. 209 ; x. 55). 

1. Containing Bivalent Metals. The potassiuTn-siTic salt^ K-S,3ZuS. is 
formed by fusing 1 pt. zinc sulphate, 24 potassium carbonate, and 24 sulphur, at a 
bright red heat for ten minutes, and remains, on treating the cooled melt with water, 
in colourless, rhombic laminae, which may be separated by levigation from unaltered 
zinc sulphide. It is permanent in the air at ordinaiy temperatures, not even losing 
its lustre, and appears to undergo only superficial oxidation when heated to redness 
in an open vessel. It likewise remains unaltered when heated to redness in a stream 
of hydrogen. It resists the action of water, but is decomposed by mineral acids, even 
when very dilute, with violent evolution of hydrogen sulphide. When suspended in 
water holding nitrate of silver or copper in solution, it is converted into the salts 
Ag^S, 3ZnS, and OuS,3ZnS respectively. It is not attacked by mercuric chloride, lead 
nitrate, or thallious sulphate. The corresponding sodium salt, Ka^S.SZnS, is obtained 
in the same manner as the potassium salt, hut is far inferior to the latter in per- 
manence and in external beauty. 

Cadmium sulphide, fused with potassium carbonate and sulphur yields, not a 
double sulphide, but only the crystallised cadmium sulphide formerly obtained in the 
same manner by Schuler {lAehi^s Annalen, Ixxxvii. 34) ; the crystals are hexagonal 
prisms with pyramidal summits. By fusing 1 pt. cadmium sulphide with 12 pts. dry 
sodium carbonate and 12 pts. sulphur, the double sulphide Na"S,30dS is produced, 
hut it has not been obtained quite pure, as it is decomposed by water, and dilute 
alcohol, though it does not decompose the compound, fails to remove a certain quantity 
of sodium sulphate formed simultaneously with it. 

Nickel-potassium Sulphide, K-S, 3NiS, is prepared by fusing 1 pt, crystal- 
lised nickel sulphate over a lamp urged by a blast of air, with 9 pts. pure potassium 
carbonate and 9 pts. sulphur, keeping the mass in red-hot fusion for about ten 
minutes, and treating the cooled melt with cold de-aerated water. The double 
sulphide then remains in crystalline laminse, which have a speiss-yellcw colour and 
metallic lustre, and when examined under the microscope appear partly hexagonal, and 
frequently split in the direction of three lines running from three alternate summits 
to the centre of the hexagon ; partly lozenge-shaped, and then often joined together 
in rows. This compound alters very quickly in contact with air and water ; when 
ignited in a stream of hydrogen, it gives off only one-fomth of its sulphur. When 
nickel sulphide is fused with sulphur and sodittm carbonate (in the proportion 
(1:6:6), crystalline laminse are obtained, resembling the potassium compound just 
described, but of somewhat darker colour, and becoming nearly black-brown when dry. 

Cobalt-potassium Sulphide has not been obtained, at least not in the pure state. 
When metallic cobalt or cobaltous chloride is fused with potassium carbonate and 
sulphur, a very pure cobalt sesquisulphide, Co^S^ is easily obtained, forming iron-grey 
crystalline laminse, which appear under the microscope like fissured hexagons, mostly 
with jagged edges. They are hut slightly attacked by hydrochloric acid, or even by 
aqua regia. 

Manga^iese-potassium Sulphide, K“S,3MnS. — Volker obtained this com- 
pound in dark-red anhydrous laminse, by fusing anhydrous manganous sulphate with 
potassium carbonate, lamp-black, and sulphur ( Gmelin’s Handbook, English Ed. iv. 
237). Schneider, by fusing 1 pt. manganous sulphate with 12 pts. and 12 

pts. sulphur, obtained, not a double salt, but only manganous sulphide in the form of 
a green crystalline powder, appearing under the microscope to consist of groups of 
needles. The sodium salt, Na^S,3MnS, was obtained by Volker {loc. cit.) in small 
shining light-red needles, by a process similar to that employed for the preparation of the 
potassium salt. Schneider, by fusing together 1 pt. crystallised manganous sulphate, 

6 pts. sodium carbonate, and 6 pts. sulphur at a bright-red heat, obtained the com- 
pound Na2S,2MuS, in small thin flesh-coloured shining crystals having a strong ten- 
dency to oxidise. 

2. Containing Trivalent Metals. Potassio-indio Sulphide, jj^2g3^ jg 
prepared by very intimately triturating 1 pt. indium oxide with 6 pts. pure potassium 
carbonate and 6 pts. sulphur, and fusing the mixture for eight or ten minutes, first at 
a moderate heat and finally at a very high temperature. The melt on cooling is 
found to be filled vith numerous light hyacinth-red highly lustrous crystalline 
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laminae, which remain behind on treating the mass with water, and are obtained quite 
pure by washing. The laminae are quadratic, mostly very sharply defined, and often 
joined together in fan-shaped or rosette-shaped groups; translucent with reddish- 
yellow colour in thin layers. They yield nothing soluble to water, are permanent in 
the air at ordinary temperatures, and in closed vessels may be heated even to redness 
without fusion or loss of sulphur, and after cooling appear somewhat darker-coloured 
than before. When heated in contact with the air, they are slowly converted into a 
powder which is red-brown white hot, yellow-brown after cooling, and when treated 
with water, gives up a large quantity of potassium sulphate, but no indium. In 
hydrogen gas, the double sulphide may be heated to redness without decomposition. 
It is very easily decomposed by acids, which, if dilute, separate indium sulphide from 
it, but if concentrated dissolve the whole. It is not attacked by cupric sulphate, 
thallious sulphate, or lead nitrate, but aqueous silver nitrate converts it, without 
alteration of form or lustre of the crystals, into black argenio-indie sulphate^ 
Ag2S,In2S». 

8odio-indic — A mixture of! pt. indium oxide, 6 pts. 

sodium carbonate, and 6 pts. sulphur, fused over a blast-lamp, yields a nearly homo- 
geneous red-brown melt; and on treating this with cold distilled water, a clear 
yellow-brown solution is obtained, which, however, soon becomes tebid, and deposits 
a large quantity of a dirty-white, somewhat bulky flocculent powder, not unlike 
freshly-precipitated zinc sulphide. This powder, after washing and drying, has the 
composition Na2S,In2S® 2H-0, and at a somewhat higher temperature is easily con- 
verted into the anhydrous compound. 

The white precipitate formed by ammonium sulphide in solutions of indium 
sulphide containing tartaric acid and supersaturated with ammonia, is, according to 
Schneider, not indium hydrosulphide, as commonly supposed, but ammonium-indium 
sulphide. 

ThallosO’tJiallio = — When an intimate mixture 

of 1 pt. thallious sulphate, 6 dry sodium carbonate, and 6 sulphur is fused over a 
blast-lamp, a melt is obtained, appearing reddish-brown and quite homogeneous when 
cold, but converted by prolonged treatment with water into a yellow solution free from 
thallium, and a yellow powder which gradually changes to a network of bulky flocks, 
and when continuously washed with water, yields up all its sodium sulphide, leaving 
a residue of thallosothallic sulphide, probably formed from sodio-thalloso- 

thallic sulphide, I S,T1“S^, produced in the first instance. Thalloso-thallic 

sulphide is a dark- brown, amorphous, lustreless powder, permanent in the air at 
ordinary temperatures. When heated in a close vessel, it melts at first without loss 
of sulphur, and solidifies to a crystalline mass on cooling. When more strongly 
heated, best in a stream of hydrogen, it gives oif sulphur, and is reduced to the mono- 
sulphide TPS. Dilute mineral acids decompose the compound TPS’", with evolution 
of hydrogen sulphide and separation of sulphur. 

^ otassio- phallic Sulphide, K2S,TPS®, is obtained by melting together 1 pt. 
thallium sulphide or chloride with 6 pts. potassium carbonate and 6 pts. sulphur, and 
remains, on treating the melt with water, as a dark cochineal-red crystalline 
powder, which, when examined with a moderate magnifying power, is seen to be wholly 
made up of sharply defined yellowish-red square tablets. Sp. gr. = 4’203, Heated in 
hydrogen gas, it is decomposed, according to the equation, 

K2S,TPS3 + m 2H2S + K^S h- TI-^S. 

The double sulphide is permanent in the air, is not altered by water, and melts, when 
heated in a small test-tube, to a black-brown liquid, which gives off only a trace of 
sulphur when heated to low redness, and solidifies on cooling to an indistinctly 
crystalline mass. When heated in the air it suffers partial oxidation. It is quickly 
decomposed by hydrochloric and by nitric acid, but aqueous ammonia and potash do 
not act upon it. Solution of silver nitrate colours it steel-blue, the potassium and 
part of the thallium being at the same time replaced by silver. 

Thallium sulphate, fused with sulphur and mdium carbonate, yields, not the cor- 
responding sodium-compound, but an unstable substance containing only thallium and 
sulphur, and apparently in the ratio of 4 at. T1 to 5 at. S. 

3. Containing Quadrivalent Metals. Tetraplatinous Sulphost annate, 
Pt‘‘SnS® = 4PtS,SnS2, is obtained, as chief product, when 4 pts. of sodio-hypoplatinous 
stannate, Pt^0,Na®0,2Sn0^ (vi. 1097), are fused with 6 pts. sodium carbonate and 
about 8 pts. sulphur, and must be’ subjected to careful and prolonged levigation to 
free it from sodioplatinous sulphostannate, ]Sra®S,SPtS,SnS®, .formed at the same time 
as a secondary product. Tetraplatinous sulphostannate is a blackish-grey crystalline 
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powder, appearing under the microscope as a uniform aggregate of small shinmg 
needles. It is permanent in tlie air at ordinary temperatures, but is completely de- 
composed by strong and prolonged ignition with, access of air. It offers great resist- 
ance to the action of acids. 

Teiraplatinoits Sulphoplatinate, Pt“S® = 4PtS,PtS“. — This compound (and 
not platinous sulphide, as stated by Tanquelin), is formed on fusing together eq.ual 
parts of ammonium platinochloride, sodium carbonate, and sulphur. It crystallises 
in small needles having a dark steel-grey colour and metallic lustre, and apparently 
belonging to the orthorhombic system. In the dry state it is not altered by exposure 
to dry air, but quickly oxidises when moist. 

Potassio’platinous Sulphoplatinate, K^Pt^S®=K*S,3PtS,PtS-, and the correspond- 
ing sodiim salt, also the Sulpkostannates, (K or Na)=S,3PtS,SnS®, have been already 
described (vi. 1077). 

Disodio-platinous Sulphoplatinate, Na‘*Pt®S®=2(N’a-S,PtS),PtS^ is 
formed by fusing together spongy platinum, sodium carbonate, and sulphur in the 
proportion 1:6:6, and remains, on treating the melt with water, in the form of 
small thin copper-red needles, -wMch alter somewhat quickly in contact with the air, 
yielding sodium carbonate and platimim bisulphide : 

Na^Pt^S® + 02 + 2002 = 2Na2C03 + 3PtS2. 

Hydrochloric acid converts it into the corresponding hydrogen-compound, which is 
quickly oxidised on exposure to the air : 

2(Na2S,PtS),PtS2 + 4HC1 = 4Na01 + 2(H2S,PtS),PtS2 
and 

2(H2S,PtS),PtS2 + 02 = 2H20 + 3PtS2. 

Diargento-platinous Sulphoplatinate, Ag^Pt^S®, is obtained by treating the disodium 
salt with aqueous silver nitrate, in the form of a loose woolly mass of ash-grey thin 
prismatic crystals which are pseudomorphoses after the sodium-compoimd. The 
thalliimi salt, TPPt^S®, obtained in like manner with thallious sulphate, also forms 
pseudomorphoses after the sodium salt, having a steel-grey colour and faint lustre. 
It is permanent in the air, and when treated with hydrochloric acid, gives up the 
whole of its thallium without evolution of hydrogen sulphide. 

The disodium salt, treated in like manner with cupric sidphate, lead nitrate, or 
mercuric chloride, yields analogous sulphur-salts ; but it is not decomposed by the 
normal salts of the earth-metals : hence it appears that this salt is decomposed only 
by the salts of those metals which are precipitated from their neutral solutions by 
sodium sulphide. 

Cuproplatioious Stilphoplaiinate, Cu2Pt2S® = 2(CuS,PtS),PtS2, forms an 
aggregate of faintly lustrous dark hlue-grey needles, which are true pseudomorphs of 
the disodium salt. They are permanent in the air at ordinary temperatures, and 
when heated in contact with the air, smoulder away like tinder, giving off sulphur 
dioxide and trioxide, and leaving a blackish-grey mixture of cupric oxide and metallic 
platinum. Boiling hydrochloric and nitric acids decompose them partially, abstract- 
ing the copper and leaving dark steel-grey needles, and they are not completely 
decomposed even by boiling aqua regia. 

Plumhopldti7ious Sid pho pi at in ate, 2(PbS,PtS),PtS2, forms a loose aggre- 
gate of dark blackish-grey needles, which are permanent in the air at ordinary tem- 
peratures, smoulder away with slight decrepitation when heated in the air, giving off 
sulphur dioxide and leaving a grey mixture of platinum and lead sulphate. This salt 
is but slightly attacked by hydrochloric acid even at the boiling heat, more strongly 
by nitric acid, but is not readily decomposed even by aqua regia. 

A compound of mercuroplatinous sulphoplatinate with mercuric chloride, agreeing 
nearly with the formula 2(HgS,PtS),PtS2 + 2HgC12 is obtained by the action of 
a solution of mercuric chloride on disodioplatinous sulphoplatinate. It forms a loose 
spongy network of thin needles, having a dark ash-grey coloiu' and very little lustre. 
It is decomposed by aqua regia, but not completely even after long boiling. 

Lastly, by treating recently prepared and thoroughly washed disodioplatinous 
sulphoplatinate immersed in de-aerated water with a dilute solution of sodium- 
platinochloride, and leaving the resulting black-grey mass at rest for about an hour, 
merely stirring the platinum solution occasionally, then filtering, pressing the crystals, 
and drying them out of contact with the air, a compound is obtained which has the 
composition PtS®, but may be regarded as formed from the disodioplatinous salt, by 
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i^eplaceinent of tlie four Na-atoms by a quadrivalent atom of platinum, and represented 
by the constitutional formula 


It forms small, blackish-grey, faintly lustrous, needle-shaped crystals, sometimes 
partially flattened, and having the form of disodioplatinous sulphoplatinate. When 
exposed to the air it takes up oxygen, quickly if moist, especially if heated, more slo'wly 
in the dry state, and forms sulphuric acid. 

On the Sulphopalladatcs, Na^S, PdS^, &c., see vol. vii., p. 889. 

Sulphides of Or^nic Radicles. The boiling points of several alcoholic 
salphides (or alkyl sulphides) have been determined by E. 0. Beckman (<7. _pr. Gheni, 
[2], xvii. 439), with the following results: 

Sulpliides B. p. Sulphides B. p. 

Dimethyl . . . 37-l°~37-5^ Ethyl-amyl . . . 159*7‘^~160-1° 

Methyl -ethyl . . . 68° Di-isobutyl . . . 170*5° 

Diethyl .... 91*9° Di-isopentyl. . . 213^-214° 

Di-isopropyl . . . 120*5° Ethyl-phenyl . . 204° 


Di-isobutyl sulphoxide, [(CB[^)^CH.CH2pSO, melts at 68*5° ; di-isopentyl sulph- 
oxide, [(CH3)2CH.CH2.CH2]2SO, at 37°. 

SVIiPBZia'BS. The following sulphine- compounds of the fatty series have been 
prepared and examined by Cahours {Compi. rend. Ixxx, 1317 ; Ixxxi. 1163 ; Ann, 
Chim. Fhys. [5], x. 13) in continuation of his former researches on these bodies 
(v. 881). 

Trimethyl-sulphine bromide, (CH®)^SBr, is formed: 1. By the action of 
hydrobromic acid on the hydroxide, (OH®)*SOH (v. 885), also by that of methyl 
bromide on methyl sulphide ; and, together with methyl-benzyl sulphide, CH^.S.C^H’’, 
by heating 2 mols. methyl sulphide with 1 mol. benzyl bromide in a sealed tube at 
the temperature of boiling water : 

2(CH3)2S H- C^H’Br = (CH5)3SBr -i- (OH^)S(C^H’). 

If the mixture is diluted with methyl alcohol, methyl-benzyl oxide is formed instead 
of the sulphide : 

(CmyS + C^H^Br + 2OTOH = (OmySBr + CEKO.Cm’’ -t- H^O. 

2. Together with ethylene sulphide, by heating ethylene bromide with methyl 
sulphide in a sealed tube at 100° : 

S(Cfl3)2S + C2H*Br2 = 2(GWySBr + C^H^S. 

3. In like manner, together with methyl thiacetate, from methyl sulphide and 
acetyl bromide ; 

2(OH«)2S + CH^.CO.Br = (CHs)3SBr + CmCO.SCH®. 

4. Together with methyl thiocyanate, by gradually dropping cyanogen bromide 
into cooled methyl sulphide, and finally heating the mixture at 100° for an hour or 
two in a sealed tube : 


2(CH3)2S + CNBr = (CH3)3SBr -f- ON.S.OT. 

Trimethylsulphine bromide crystallises in prisms easily soluble in water. 

Trionethylsulphine iodide, (CH^)^SI, is formed, together with benzyl iodide, 
by the action of methyl iodide on benzyl sulphide at 100° in a sealed tube ; also, like 
the bromide, by the action of methyl iodide on methyl sulphide. It crystallises 
from water in large prisms. 

Bimethylhenzylsulphine chloride, (CH^yS(^G’H’)Ol, is formed by treating 
the corresponding bromide — which is obtained as a bye-product in the action of methyl 
sulphide on benzyl bromide — ^with water and silver oxide, and then with hydrochloric 
acid. It unites with platinic chloride, forming the compound [(OH®)=S(C’'H^)Cl]2PtCD, 
wliich crystallises in needles (compare Scholler, p. 322). 

The following salts of trimethylsulphine have been prepared by Blackie a. Crum 
Brown News, xxxvii. 130). The oxalate, [(CH®)=^S]2C®0*-f-H20, formed by 

the action of silver oxalate on trimethylsulphine iodide, crystallises in transparent 
hygroscopic laminae, which give off their water of crystallisation at 110°, and decom- 
pose at 140°, yielding methyl sulphide and methyl oxalate. The chromate and lodate 
prepared in like manner melt at 140° and then explode. 
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TfimethyUnl^hine hydrosulphide, (OH®)®S.SH, is formed by treating tlie 
hydroxide with hydrogen sulphide: (OH®)3S.OH-i-E2S = H^O + (OH®)®S.SB[. Heated 
with an equivalent quantity of the hydroxide, it is converted into trimethylsulyhim 
sulphide, [(0H3)3S]2S : 

(CHs)3S.SH + (CHS)3S.OH - H-0 + HCmf&fS. 

The aqueous solution of this last compouud, when left over phosphoric anhydride in 
an atmosphere of coal-gas, does’ not yield crystals, hut is transformed, at a certain 
degree of concentration, into methyl sulphide, [(CH^)®S]2S = 3(CH^)*S. 

Trimetkylsulphine stdphide, when treated with sulphur, takes up 4 at. of the 
latter, forming a polysulphide, [(CH^)^S]-S^ which, when exposed to the air for 
several days, gives up 3 atoms of sulphur, and is converted into tnmethylsul 2 >Mnethio- 
svlpkate : 

[(CH3)8S]2S5 08 - S3 + 

This salt is very hygroscopic, and crystallises in transparent four-sided prisms con- 
taining 1 mol, H^O, which is given off over phosphoric anhydride. It is slightly 
soluble in alcohol, gives all the reactions of a thiosulphate, and, when cautiously heated 
to 135°, leaves a residue of methyl sulphide. 

On Trimethylsulphine-compounds, see also H, Klinger (Ber, x. 1880: Jahresb. 
f. Ckem. 1877, 523). 


Triethylsulphine bromide, (C-H®)8SBr, and the corresponding chloride, 
formed by treating the hydroxide, (C‘-H®)8SOH (v. 884), with HBr and HCl respec- 
tively. The chloride forms — ^besides the previously known platinochloride (v. 882) 
— an dUTOchloride, (C^H8)3SCl,AuCP, which crystallises in long golden-yellow needles, 
sparingly soluble in cold, moderately soluble in hot water. The mercurochloHde forms 
needles having a satiny lustre. 

I^ropyldietJiylsidjphine iodide, (C8H’)(C^H®)‘SI, is formed, like the corre- 
sponding methyldiethyl compound, by the action of propyl iodide on ethyl sulphide, 
+ (0'E*)2S=C8H^(C8H^)2SI, the materials being heated together in sealed tubes 
for several days at 100°~120°. 


Triyro'pyl- and TTihiiiy ls%il>]yhine iodides are formed in like manner by 
, direct combination.^ Their platinochlorides are crystalline. Mixed sulphides are also 
formed by the action of the sulphides of propyl and butyl on the iodides of methyl 
and ethyl. 

The two following series of compounds, containing the isomeric monatomic radicles 
diethyhneihylsulyUne, B(C-B.^yQW, and ethylmeihylethyUidphme, S( 02H^)(CE8)( C'H®), 
have been prepared by F. Kruger {J, pr. Ckem, [2],xiv. 193), who attributes the differ- 
ences in their properties to differences in the four affinities of the sulphur-atom. 

• When ethyl sulphide and methyl 

iodide in molecular proportions are heated with a little water on a water-bath, 
chethylmethylsulphine iodide is obtained as a reddish-brown syrupy uncrystallisable 
liquid ; and on agitating this liquid with moist silver chloride, the corresponding chloride, 
S(C2H5)2(CH8)C1, is formed, which dries up in a vacuum to a pale syrup. The hydroxide, 
which was obtained by decomposing the iodide with moist silver oxide, is likewise 
uncrystallisable, and is a powerful base; the nitrate and sulphate crystallise in a 
vacuum in long deliquescent needles ; the oxalate and picrate could not be obtained 
in crystals. 


chloride to a solution of the chloride, the platinochloride, 
ClJ^PtCP, is obtained as a pale red crystalline powder, which is spar- 
ingly soluble in cold water, insoluble in alcohol and ether, and crystallises from hot 
water in cubes, octohedrons or tetrahedrons, which crumble to a pow'der on drvinff. 
It melts at 214° with decomposition. ^ 


The aurockloride, ^(C^HO^OHsCbAuCP, is readily soluble in alcohol, ether, and 
hot water, and crystallises in long pale yellow needles, melting with decomposition at 


The mgrmnohlonde, S(0*H=)»CH’Cl.eHgCP, is a thick white crystalline precipi- 
tate, sparingly soluble in cold water, alcohol, and ether. It crystallises from hot 
water in prisms resembling rock-erystal, and melting at 198° without decomposition, 
which takes place only at a higher temperature. 

Compound of Diethyl-methyl cyanide with Mercuric iodide, S(C2K^)2CE8(Chr) Hgl^ 
When a solution of the crude iodide containing hydriodic acid is mixed Wh ahot 
sdution of mercuric cyanide, the smell of carbamines and hydrocyanic acid is given 
off, and a yellow oil is precipitated, which solidifies on cooling, and is insoluble in all 
solvents. But when cold solutions are mixed, only hydrocyanic acid is evolved and 
yellow quadratic crystals separate out, which are ‘insoluble in alcohol, ether’ and 
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carbon sulphide, and very slightly soluble in water, this solution, when evaporated, 
leaving the compound as an amorphous mass. Its formation is represented by the 
equation : 

+ HI + Hg(CN)2 == S(C2H^)2CH2CN',HgI2 + HCN. 

It melts at 115®, and decomposes at a slightly higher temperature into . mercuric 
iodide, a carbamine, and a liquid smelling like ethyl sulphide. When treated with 
hydrogen sulphide in presence of water, it yields mercuric sulphide, which undergoes 
the known changes of colour, and on continuing the action of the gas, ultimately 
becomes red, being converted into cinnabar, which, when heated, sublimes as a black 
mass, yielding again a red powder. Analogous compounds of sulphine-cyanides and 
mercuric iodide give the same reaction, whereas the double mercuric sulphine-chlorides 
give black mercuric sulphide. 

(2). EtkylmethylethylsulpJiine - compounds, — The iodide^ 
S(O^H®)(CH®)(C2H®)I, obtained by heating ethylmethyl sulphide with ethyl iodide 
and a little water, crystallises in a vacuum in long very deliquescent needles. The 
chloride does not crystallise ; the nitrate and sulphate are as deliquescent as the corre- 
sponding salts of diethylmethylsulphine. 

The platinochloride, (S02H®.CH^.C-H®Cl)2PtCP, is a dark red crystalline precipi- 
tate insoluble in ether and alcohol, and crystallising from water in apparently mono- 
clinic prisms, which on drying crumble to a rose-coloured powder, and melt with 
decomposition at 186®. When repeatedly recrystallised or heated for some time with 
water, it changes into the isomeric diethylmethylsulphine-compoimd. 

SC2H®.CH^.C“H*ClAu,OP is a pale-yellow crystalline powder, readily soluble in 
hot water, alcohol, and ether, and melting with decomposition at 178°. 

SC2H®.CH^.C“H®Cl,2HgCl" is a white crystalline precipitate crystallising from hot 
water in rhombic plates, melting at 112° ; under water it melts below 100®, and does 
not then crystallise any more. 

SC“H®.CH®.O^H®CN,HgI- is an amber-yellow precipitate consisting of apparently 
monoclinic prisms; it is insoluble in water, alcohol, and ether, and melts at 98°. 
'When more strongly heated, it yields mercuric iodide, a carbamine, and a sulphide. 

On Sulphine-compounds derived from Thiocarhamide, see Thiocarbamide. 

STniPKIirzC ACXBS, E.SO.OH. Bensenesulphinic acid, C®H®.SO“H, is readily 
obtained by adding zinc-dust to a cooled alcoholic solution of benzene-siilpbonic chloride. 
The zinc salt thus obtained is well washed with water, in which it is almost insoluble, 
and then decomposed by sodium carbonate, and the resulting solution is con( entrated 
and mixed in the cold with hydrochloric acid, which precipitates the benzenesulphinie 
acid. In a similar way toluenesulphinic acid may be prepared. 

Benzenesulphinie acid is also produced on adding a little water to a few drops of 
benzenesulphonic chloride and mixing the product with zinc-dust. After some time a 
brisk reaction sets in, and the zinc salt separates out. More zinc-dust and cliloricle 
are now alternately added, care being taken to have the former always in excess. 
The corresponding toluene^ compound may be prepared by an analogous process. 

The zinc salts of the two acids crystallise from hot water in small nacreous plates, 
having the composition (C«H5S02)2Zn + H^O and (C®H^.CH8.S02)2Zn -h H^O (Schiller 
a. Otto, Ber. ix. 1584;). 

The same method has been applied by Panly {Ber. x. 911) to the preparation of 
sulphiuic acids of the fatty series. Ethylsidphinate of sine, (C'^H®SO^)‘'^Zn + H^O, 
thus prepared, is soluble in hot water, less soluble in alcohol of 90 per cent., from 
which it crystallises in soft nacreous scales ; it agrees in all respects with the salt 
which Wisebin obtained {Liebig’s Annalcn, cxxxix. 364) by the action of zinc-ethyl 
on sulphuric anhydride. 

IsohutylsulpMnate of sine, (C‘*H^SO')^Zn, prepared by the action of zinc-ethyl on 
isobutylsulphonic chloride, 0'^H®S0“C1, forms rather large white nacreous laminae, 
sparingly soluble in cold, more readily in hot water and alcohol. From alcohol it 
crystallises anhydrous; from water, apparently with water of crystallisation. It 
melts with decomposition below 100®. Sodium isobutylsulpkinate crystallises with 
difficulty in thin laminae easily soluble in water and in alcohol. The barium salt 
exhibits similar characters. Free isobutylsulphinic acid is a faintly-yellow strongly 
acid syrup, which dissolves easily in water, and bleaches litmus-paper (Pauly). 

StI'XiPHOAljBEK'S'BB, CH’.CHS. Syn. with Thioaldehyde {g^.v.) 

SXrXiBHOBE3Kr2;AmXBE, Syn. with Benzothiamide or Tmo- 

benzajmibe {q.v.) 

SITXiFBOBBlfZXBX:, See Sulphones. (p. 1855.) 
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STOFHOBENZOIC A.OIJ>,C«H‘‘<^gQa^ (pp. 293-296). Wiesinger a. Voll- 

'brecht s. 1715) have obtained the metcL- and ^(zr<z-modifications of this acid, 
together with benzoic acid, by the action of alcoholic sulphurous acid on the corre- 
sponding diazoimidobenzoic acids. 

BtU^pho-'^-c'hloro^ and Bulpho-^-bromohenzoic acids. — These acids and 
some of their salts have been described by CoUen and by Bottinger (pp. 295, 296). 
The following derivatives of the brominated acid are described by Bottinger {Liebig's 
Amialen^ 13). The crude chlorine-compound prepared by the action of phos- 
phorus penta chloride on the sodium salt in the molecular proportion 1 : 4, is resolved 
by ether into a sparingly soluble and an easily soluble chlorine-compound. Tlie former, 
cUorosuljpliCHg-bmiobenzoic acid, C®H®Br(SO"Cl).COOH, melts with decomposition at 
197®, but softens at a lower temperature. It dissolves very sparingly in water and 
alcohol, somewhat more freely in cold ether, and with moderate facility in hot ether. 
Alcohol converts it, with liberation of hydrogen chloride, into etJwxysul'pho-'^-bromo- 
benzoic acid, C®H5Br(S02.0C®B[=)C00Br, which crystallises in lustrous plates melting 
at 84®. 

Amidosulpko’-p-hromobenzoic acid, C®E^Br(S02NH-)C00H, prepared by the action 
of alcoholic ammonia on the monochlorinated acid above mentioned, crystallises in 
nodular groups of small white needles melting at 229®-230®. It dissolves with diffi- 
culty in cold water, easily in boiling water, and with great facility in aqueous ammonia, 
forming an ammonium salt, C®H®Br(SO^NH*).CO-EH^, which loses ammonia on eva- 
poration. When the amido-acid is dissolved in warm baryta-water, small hard glitter- 
ing needles separate out, consisting of the barium salt. 

Ethoxy sulpho-^-bromobenzamide, C*H^Br(SO“.OC-H*)CO.NH2, is formed at the same 
time as the amido-acid by the action of alcoholic ammonia on the dichlorinated com- 
pound contained in the crude chloride. Being but sparingly soluble in alcohol and 
almost insoluble in water, it is easily separated from the acid. It crystallises in long 
colouiless needles, which melt at 128°, and are readily soluble in dilute alkalis; the 
addition of an acid to this solution produces a crystalline precipitate, consisting of long 
needles, which melt at 262°, and have the same composition as amidosulphopara- 
bromobenzoic acid ; they appear to consist of hydroxysiilpho^^-broTiobenzamide, 
C«H3Br(S020H).C0i^H2. 

The action of phosphorus pentachloride on sulpho-jp-bromobenzoic acid gives 
rise also to a dichlorinated compound, viz. chlorosidpho-^’bromobenzoic chloride, 
C®H*Br(S02Cl)C0Cl ; but this compound is easily decomposed by water, the chlorine 
combined with the CO-group being displaced by OH, producing the monochlorinated 
acid. That this is the case is conclusively shown by the action of zinc-dust on the 
alcoholic solution of the monochloride, which gives rise to two compounds : sulphi 
parabromobenzoic acid, C®H^Br(SO^H),COOH, which is readily soluble in hot, , but 
only slightly soluble in cold water, and sulphibromobenzaldehyde, C°H**Br(SO^H)COH, 
which dissolves in warm water, but is partly thrown down again on boiling. The 
acid forms small colourless needles, which melt at 238°, with partial decomposition. 
It is a powerful bibasic acid, and forms crystalline salts. The aldehyde, which may 
be purified by repeated crystallisation of the barium salt, crystallises in long broad 
plates, melting at 131°. It is both an aldehyde and a monobasic acid ; its barium 
salt forms large colourless prisms, which rapidly effloresce, and are only slightly 
soluble in cold water. The compound of the aldehyde witi acid sodium sulphite 
crystallises in long needles melting at 78°. Besides the acid and aldehyde, other 
compounds, not yet investigated, are produced by the action of zinc on chlorosulpho- 
;p-bromobenzoie acid. 

Trisnlpho-hydroxybenzoic acid, = C®H(OH)(SO^H)2COOH, is 

prepared by heating a solution of 10 grams of benzoic acid in 20 g. sulphuric acid 
with 5 g. phosphoric anhydride and 20 g. sulphuric anhydride in sealed tubes for five 
hours. The contents of the tubes are boiled with water to expel sulphur dioxide, 
and the sulphuric and phosphoric acids are removed by addition of calcium carbonate! 
To obtain the free acid, basic lead acetate is added to the filtrate, and the precipitated 
lead salt decomposed by hydrogen sulphide. 

Trisulpho-hydroxy benzoic acid is a yellow syrupy hygroscopic liquid, which, when 
dried at 1 00°, retains 2 mols. water. Both the acid and its salts produce with a 
drop of ferric chloride a deep carmine colour, which disappears on addition of sodium 
carbonate. The basic lead forms white opaque needle- 

shaped crystals which lose their water of crystallisation at 225°. When decomposed 
by hydrogen sulphide, it is converted into the normal salt, 

The basic potassium, salt, -)- 2H=0, crystallises in monoclinic prisms ; the 

normal salt, Hh 2H*0, separates on adding alcohol to an aqueous solution 
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of the acid which has heen nearly neutralised with potassium carbonate. The harium 
salt, C’H^S^O^-Ba-, is decomposed by long-continued heating at 100°, or by boiling 
with barium carbonate, in the latter case with formation of barium sulphate and 
barium disulphoxybenzoate, (C'^H^S^0®)^Ba4- 8H.^O. 

Trisulphoxy benzoic acid appears to be completely decomposed by fusion with 
potash. On attempting to replace the hydrogen in it by bromine, it splits up into 
monobromodisulpho- and dibromomonosulphoxybenzoie acids (Kretschy, Ber. xi. 858). 

SITliPKOBUTirKIC ACZB, C^H®(SO®H)(CO“H) (Hemilian, Ber, vi. 196, 562 ; 
Liebig’s Amiale^i, clxxv. 1). Of this acid there are two modifications, viz. : 

CH“.CmCH(SO'=H).CO^H Om CH(S0>l[).CmC0=H. 

The a-aeid is obtained by the action of sulphuric hydroxychloride, C1S0'(0H!), on 
normal butyric acid. 120 grams of the hydroxychloride are poured upon 100 g. of 
the acid contained in a retort, and the action, which slackens after a while, is assisted 
by heating the mixture on an oil-bath finally at 150°. As soon as the evolution of 
hydrogen chloride ceases, the liquid is diluted with water, the uncombined butyric 
acid is distilled off, and the strongly coloured residue is boiled for some time with 
lead oxide, whereby the greater part of the colouring matter is separated ; and on 
filtering and precipitating the lead with hydrogen sulphide, a solution is obtained 
having only a light yellow colour. This solution is again saturated with lead oxide, 
the resulting lead salt decomposed with hydrogen sulphide, the free acid then con- 
verted into barium salt, and this latter purified by repeated crystallisation. The 
several mother-liquors thus obtained were perfectly identical, showing that the action 
of sulphuric hydroxychloride on butyiic acid produces only one sulphobutyric acid. 

a-Sulphobutyric acid is also formed, together with disulphopropiolic acid, C®H®S“0®, 
by heating butyramide with fuming sulphuric acid (compare Buckton a. Hofmann, 
V. 569). 

a-Sulphobutyric acid, when evaporated in a vacuum over sulphuric acid, remains 
as an uncrystallisable hygroscopic syrup. Its salts crystallise well. The barium 
salt, C‘‘H®BaS05 + ‘IWO, forms rhombic laminse, gives off its water of crystallisation 
slowly over sulphuric acid, but remains undecomposed at 200°. 100 pts. water at 

16° dissolve 7*11 pts. of the anhydrous salt; aqueous alcohol; dissolves only traces. 
The calcium salt, C^H®CaSO® + 2H-0, separates from the aqueous solution in warty 
masses ; from a solution in alcohol of 50 per cent, mixed with an equal volume of ether 
in large hemispherical groups of slender needles ; this reaction is characteristic of 
a-sulphobutyric acid. The silver salt, C'^H^Ag^SO®, is thrown down by alcohol from 
its aqueous solution as a white amorphous precipitate which soon becomes crystalline. 
When left in a vacuum and in the dark, it crystallises in large shining quadratic 
prisms which adhere to the sides of the vessel in stellate groups. The solid salt 
decomposes at 140° ; the aqueous solution even at ordinary temperatures. The zmc 
salt, C-*H®ZnSO® 4- H^O, is at first amorphous, but crystallises after some time in large 
four-sided prisms. The cojope?* scZzI, C‘‘H®CuSO“ + 4H20, forms a blue-green varnish, 
or small emerald-green nodules ; alcohol separates it from the aqueous solution as a 
light blue precipitate. The last molecule of water is given off only at a heat above 
200°, the salt at the same time undergoing decomposition. The lead salt, C‘‘H®PbSO® + 
2H®0, is thrown down by alcohol as an amorphous precipitate. The magnesium, 
sodium, and ammonium salts are very soluble in water, and crystallise very indistinctly 
or not at all. The acid heated with alcohol and gaseous hydrogen chloride does not 
form an ether. 

"When a-snlphobutyric acid or its barium salt is heated with 2 mols. phosphorus 
pentachloride, o-chlorobutyric chloride is formed, according to the equation : 

CH».CmCH(SO«H).COOH 4 - 2POP = SO^ 4 - 2HC1 4 - 2POCP 4 - CHs.CH^CHCLCOCl; 
and on pouring the distillate — after freeing it from phosphorus oxychloride — into 
alcohol, ethyl a-chlorobutyrate, Off.CH^.GHCl.CO.OC^H^ is precipitated in 
the form of an oil which boils at 154°-158°. The sulpho-acid does not appear to be 
converted into a hydroxybutyric acid by fusion with potash. Its barium salt, heated 
for three hours with fuming sulphuric acid and phosphoric anhydride, jdelds only 
traces of disulphopropiolic acid, (v. 569), which, according to Baumstark, is 

the sole product of the action of sulphuric hydroxychloride on butyric acid (vi. 1069). 

^■^Sulphobutyric acid, obtained by boiling ethyl i3-hydroxybutyrate with 
ammonium sulphite, is a transparent hygroscopic jelly. Its lead, barium, and calcium 
salts are thrown down by alcohol from their aqueous solutions in the form of floceulenfc 
non-crystalline precipitates. The barium salt, dried at 150°, has the composition 
Q^H®SO®Ba 4- H^O, and gives off its water at 200° (Hemilian). 
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SV^bPHOCAMCPB’irX.XO ACXB, C®H^«SO®. This acid, discovered by Walter, 
and originally called sulphocamphorio acid, has been further examined by Kaehler 
{Liebig's Annalm, clxix. 178), -who prepares it by the action of sulphuric acid on 
camphoric anhydride, exactly according to Walter’s directions (v. 489), excepting that, 
before saturating the diluted and filtered product of the reaction with lead carbonate, 
he agitates it with ether, which removes unaltered camphoric acid, and an isomeric 
acid having the property of Wreden’s mesocamphoric acid (vii. 235). Sulphocamphylic 
acid, separated from its lead salt, forms cjystalline crusts and druses having the com- 
position and giving off their water in a vacuum over sulphuric acid. 

An acid lead salt, (C^£[^®SO®)2Pb + 4H20, was once accidentally obtained from a solu- 
tion of the normal salt which had been incompletely decomposed by hydrogen sulphide, 
in nearly colourless well-defined flat prisms. The acid is strongly attacked at a 
gentle heat by nitric acid of sp. gr. 1-25, with formation of oxalic acid and sulpho- 
pimelic acid (p. 1860). 

The crystals of sulphocamphylic acid, according to measurements by v. Zepharovich 
(lF?e?z.A[^ac?.5cr.lxxiii.[lAbth.],1876,7),aretriclmic. alb: C:*0’8515 : 1 : 0*7590. 
In the first o^nt, a = 82° 38*5'; y8=121° 10'; 7=111° 36'. Observed faces, oo^co, 
^ ^ Measurements only approximate. Cleavage imperfect parallel 

to 00 Poo. 

The acid lead salt forms orthorhombic crystals, alb: (? = 0*7228 : 1 : 0*8080. 
Observed forms, qo P oo, oP, f co, 3? oo, i-p oo, P, |.p, |P|. Angle of optic axes for 
white light = 78° 17^ Dispersion and double refraction weak. 

SUZiPHO-CARBAMXC ACXB, -CABBAZMCXDXS, -CABBOBXC ACXB, 
-CYABZC ACZB, Ac. See the corresponding Thio-compounds.* 

SUXiPBOWBS, R 2 so 2 ^ and StTIiPBOXIBSS, Sulphones are stable 

compounds, which may be distilled without decomposition, are not reduced by nascent 
hydrogen (zinc and dilute sulphuric acid), or by hydriodic acid and phosphorus, or 
attacked by phosphorus pentachloride, whereas the sulphoxidos are reduced by nascent 
hydrogen, and are easily converted into sulphides by the action of phosphorus penta- 


Sulpbones of tlie Patty ^oup may be prepared by oxidising the sulphides 
and sulphoxides of alcohol -radicles, with potassium permanganate, and ex- 

tracted from the products with ether (Beckmann, J. pr. Chem. [2], xvii. 439). 

Bi'mthyl sulphone, {0'E})-^0\ crystallises from alcohol in long thick colourless 
shining needles melting at 109°. Methylethyl sulphone, (CH«)(C2H^)S02 dissolves 
easily in water, alcohol, benzene, and chloroform, sparingly in cold ether and carbon 
^phide, and crystallises from ether in slender shining needles melting at 36® 
^^^ystallises from alcohol in rhombic plates. Bmopropyl sulphone, 
[(CHS)-cH]-SO*-, forms colourless inodorous crystals which melt at 36°, formino* a 
liquid which often remains for days without solidifying. It dissolves readily in wato* 
aJeoiiol, etner, benzene, chloroform, and cMbon sulphide ; also in strong nitric, sul- 
^mno, and acetic acids, and is not precipitated from the acid solutions by •water 
Misobiipl sulphone is a colourless sympy liquid having a faint but pleasant odour, and 
a density of 1'0056 at 18°. It boils at 265°, and solidifies in a freezing mixture to a 
crystolline mass which melts a,t 17°. It dissolves in 2 pts. -water at ordinary tem- 
peratures, but IS only s ightly soluble in hot water ; readily in ether, alcohol, benzene, 
and CMbon sulphide; also in strong nitric, sulphuric, and acetic acids, and is repre- 
ciptated therefrom by water. mUopeniyl- (or dianiyl-) sulphone crystallises in groups 

but having a sweetish burning taste ; 
melts at 31 , and boils at 295 . It is nearly insoluble in water and aqueous alkali, s 

preceding compound. Phenylethyl sulphone, 
(C (C=H-)SO-, produced by oxidation of phenylethyl sulphide, crystallises in thick 
colourless pktes melting at 42 , behaves to solvents much in the same manner as di- 
^opropyl sulphone, excepting that it is precipitated by water from its solutions in 

Ethy^ethyl sulphme, formed by the action of permanganate 

?L.®=o^^® 4 ®'^“wS short, hard, colourless neeLs, melts at 

136-6° and volatilises wuthout decomposition. It dissolves sparingly in cold, easily 
in hot water and alcohol, sparingly in ether, benzene, chloroform, and rarbon su phide^ 
easdy in strong nitric and snlphnric acids, less easily in hydrochloric, still less in 


^ The preto * tMo ’ is now generally applied to compounds derived from nvw .r.. 
pomda by substitution of S for 0; the prefix ‘ sulpho ’ t^bodfes conSr^T^ 

S0®H or its analogues, SO=Cl, SO^NH®, &c. ; e.p. : ^ ooaies containing the group or radicle 


CH®.CO.SH <30®E.CH®.SO®H 

Thiacetic acid. Sulphacetic acid. 
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Aromatic Sulpliones. Beckurts a. Otto {Ber. xi. 472, 2066) prepare these 
bodies by the action of aluminium chloride on a mixture of a sulphonic chloride and a 
hydrocarbon. In this way they have prepared diphenyl sulphom or sulphohenzide^ 
ditolyl sulphone or sulphotoluide, phenyltolyl sulphone, ; 

cUoTOSulyhohenzide^ which melts at 93°, volatilises at a higher temper«*iture, is in- 
soluble in water, sparingly in cold, easily in hot alcohol ; and phenylxylyl sulphone. 
This last compound, obtained from metaxylene and benzene- 
sulphonic chloride, forms yellowish- white needles, melts at 80‘^, distils without 
decomposition, dissolves readily in ether and alcohol, but is insoluble in water. 

Michael a. Adair {Ber. x. 683) prepare aromatic sulphones by heating a mixture 
of a sulphonic acid and a hydrocarbon in a sealed tube at about 200° with phosphoric 
anhydride ; e,g . : 

C«Hs.S02.0H -f- G’H« - H^O = (C«Hs)(C^H’)S02 

Benzenesul- Toluene. Phenyltolyl 

phonic acid. sulphone. 

The product is purified by submitting it to the action, first of a stream of aqueous 
vapour, then of dilute potash-ley, and lastly of alcohol, the pure sulphone then crys- 
taUising from the alcoholic solution. In this manner Michael a. Adair have prepared 
ditolyl sulphone, (G’'H’)2SO^, by heating paratoluenesulphonic acid and toluene with 
phosphoric anhydride for six to eight hours at 150°~170°, phenylnaphthy I sulphone, 
(C®H^)(G^“H^)S02 (p. 1367), from benzenesulphonic acid and naphthalene heated for 
eight or nine hours at 170°-190°. 

Baratolylphenyl sulphone, C®H^S02.G®H^(CH®), is prepared in like manner 
from _p-toluenesulphonic acid and benzene, or from benzenesulphonic acid and toluene. 
The product is exhausted successively with water and ether ; the residue crystallised 
from alcohol; and the crystals which separate are freed from coloured impurities by 
dissolving them in acetic acid, and treating the solution with potassium permanganate. 
The sulphone thus prepared forms shining white rhombohedral tablets, or when crys- 
tallised from water, slender prisms. It melts at 194*5° ; 1*62 pt. of it dissolves at 
20° in 100 pts. of absolute alcohol. Ortho- and meta-compounds are not formed 
simultaneously with the para-compound. 

Paratolyl-phenyl sulphone is reduced by nascent hydrogen and by hydriodic acid 
and phosphorus to the corresponding sulphide. When treated in acetic acid solution 
with potassium permanganate it is converted into p-sulphohenzidecarboxylic add 


<; 




Phenyl-tolyl sulphone. 




X— SO=— X co»H 

j?-Sulphohenzide-carboxylic acid. 


This acid crystallises from alcohol in small prisms melting above 300°; it dissolves 
sparingly in water, benzene, and glacial acetic acid, easily in nitrobenzene, and forms 
a flocculent silver salt, G®H®.SO^.C'^H'^.GO-Ag, very sensitive to light. The lead and 
copper salts are flocculent precipitates. 

Ditolyl sulphone or Sul phot oltiide, (C*H‘*.GH®)“SO“ (from paratoluenesul- 
phonic acid and toluene), is QOJi\ert%dL\iy o:dd.Q,t\oiimtositlphohenzide-dicarhoxylio add, 
(0“H‘*.CO^H)2SO^, which very much resembles the monocarboxylic acid, and likewise 
melts at a temperature above 300°. 

Sulphohenzide-disulphonie add, G^H^SO-.G^H'^.SO^. OH, is formed, together with*a 
small quantity of benzenesulphonic chloride, by heating sulphobenzide with sulphuric 
hydroxychloride at 120°, and may be extracted from th^e product by solution in water. 
Its barium and sodium salts are crystallisable, and have the normal composition 
Otto a. Knoll, Ber. xi. 2075). 

On Hydroxysulpkobenzide (Oxysulphobenzide), (G®H‘*OH)2SO®, and its derivatives, 
see pp. 1474-1477. 

Sulphoxides, These bodies, and not sulphones, are formed by the action 

of strong nitric acid on the sulphides. They combine, at ordinary temperatures, with 
strong nitric acid, forming compounds which contain 1 mol. of the sulphoxide to 
1 mol. NO^H, and are easily decomposed by water. Beckmann has obtained the 
sulphoxides of diethyl, diisobutyl, and ethylenediethyl in the form of viscid syrups. 
Diisopentylsulphoxide,'h.oB.te& at 150° with nitric acid of sp. gr. 1*5, is partly converted 
into isopentylsulphonic acid. 

Beckmann has also studied the products obtained by the action of permanganates 
on sulphides containing an acid-residue and an alcohol-residue. Acetylethyl sulphide 
(ethyl thiacetate) is hut slightly attacked by potassium permanganate, but a solution 
of silver permanganate, even when very dilute, is immediately decolorised by it, with 
formation of acetic and ethylsulphonic acids. Benzoylisopentyl sulphide (isopentyl 
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thioWate) is but slightly attacked by the permanganates of ^ ® 

even at the heat of the water-bath ; benzoylethyl mlyhide (ethyl 

other hand, is attacked by silver permanganate in presence of sulphuric 

ordinary temperatures. Diacetyl sulphide (thiaeetic anhydride) is oxi ’ . , , 

incandescence; by barium peroxide; ,but when the anhydride is diluted a tenfo d 

quantity of ether, the action begins after some time only, and 

slight evolution of heat, acetyl jpersiilphide being formed, probably accordinj^ to the 

equation. 2(02H«0)2S + BaO^ = (C2H30)2S2 + (C^H^O^^Ba. 

Blsulpboxides, (Pauly a. Otto, Ber. ix. 1639 ; x. 2181 ; xi. 2070). 

Diphenyl disulphoxide, (C«Hs)-S202 (Benzoldisulfoxyd), which Otto obtained, together 
with henzenesulphonic acid, by heating benzenesulphinic wter (vi. 919), is 

also produced by the regulated oxidation of phenyl hydrosulphide, with nitric 

acid of sp.gr. 1*3; by tbe action of strong sulphuric acid or phosphoric anhydride 
on sodium benzenesulphinate ; and by spontaneous decomposition of benzenesulpinmc 
acid, which takes place even in a sealed tube. It melts at 45°, and is resolved by 
boiling with potash-ley into henzenesulphonic acid, benzenesulphinic acid, and 
diphenyl disulphide : 

2(0®)2S202 + H^O = C«H^S03H: + C^H^.SO^H + (C®H;^)2S2. 

Heated in alcoholic solution with zinc-dust, it is quickly and exactly resolved into 
zinc benzenesulphinate and zinc phenyl merc&ptide : 


2(G«Hs)=S202 + 2Zn = -h {C^WBfZn. 

Diphenyl disulphoxide (rather more than 1 mol.) and phenyl hydrosulphide (1 mol.), 
heated together in alcoholic solution, are exactly resolved into diphenyl disulphide and 
benzenesulphimc acid : ‘ 

(C6H5)2S202 + OT^SH - (C«H0=S2 + C^H^SO^H. 

The same substances heated together directly in the same proportion yield diphenyl- 
disulphide, henzenesulphonic acid, and decomposition-products of benzenesulphinic 
acid. Diphenyl disulphoxide is converted by oxidation with potassium permanganate 
into potassium benzenesulphonate, (C®H®)?S^O- -h 0® + H-0 = 2(C®H®.SO-.OH). 

The reactions of tolyl disul^phoxide are analogous to those of the phenyl-compound. 

ST73bPKOXa'IC ACms, B.SO-.OH (E denoting an organic radicle). A general 
method of preparing these acids is given by Hemilian {Liebig’s Annalen, clxviii. 145). 
It consists in boiling the corresponding chloro- or iodo-compounds with an aqueous 
solution of normal ammonium sulphite (1 pt. to 2 pts. water), the reaction taking 
place according to the equation : 

BCl + (NHO'^SO® = NH'^Cl + E.SO^.NH^ 

By diluting the product with water, boiling it with lead oxide as long as ammonia 
continues to escape, filtering from the resulting chloride or iodide of lead, and decom- 
posing the filtrate with hytogen sulphide, the sulphonic acid is obtained in the free 
state. 


(1). Sulphonic Acids of the Patty Series. Ethylsulphonic acid, 
C®H^.SO^.OH, is formed, together with ethylsulphinic acid and ethyl disulphide, by 
the action of potash-ley on ethyl disulphoxide (Pauly a. Otto, Ber. xi. 2073) : 
2(C2H5)"-S202 + H20 = C^H^SO^.OH + C-Hs.SO.OH + {C^myS^ 

An ethylene‘disulphonic acidy C^H‘*(SO®H)^ isomeric with disulphetholic acid 
(v. 566), is formed, together with sulphuric and acetic acids, by oxidising thialdine, 
(v. 772), with potassium permanganate. It is a syrupy liquid. The same 
disulphonic acid appears to be formed by oxidation of thioaldehyde (G-uareschi, Ber. 
xi. 1384, 1692). 

On Amido-ethylsulphonio acidy 0^H^(NH2).S0^H, see Taueine. 


(2). Of the Aromatic Series. On Benzenesulphmic acids, see pp. 223-259. 

CymeQiesnlphonic acidy G^®H^®.SO®H. — According to Paterno ( chim. ital, 
1878, 291), the sodium salt of this acid crystallises, not with 5 mols. water, as stated 
by Jacobsen {Ber. xi. 2049), but with only 3 mols. 

Bseudocumenol-sulphonic acid,^ C®H(OH®)®(OH).SO^H, is formed by dis- 
solving pseudocumenol in strong sulphuric acid, and separates from the solution in 
small shining crystals having the form of cupric sulphate ; on adding water to the 
solution, a crystalline pulp is precipitated, consisting of the hydrated acid. The 
potassium sxkdi dne salts QTjsXsdiBBQ in rather long elongated laminae ; the copper salt 
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in indistinctly crystalJine nodules. The sodium salt forms easily soluble rectangular 
tablets ; the barium salt, thin rhombic tablets, soluble in 20 pts. Tv^ater at 7® ; 
the slightly soluble silver sail consists of rectangular laminae. The chloride, ^ 
C®H^®(OH).SO^Cl, forms monoclinie prisms melting at 61® j the corresponding 
sulphinio acid, C®H^®(OH).SO.OH, melts at 98° (Eeuter a. Eadloff, Ber, xi. 32). 

Phloroglucol-sulphoniG acid, 0®H2(0H)®S0®H. See Phloeoglucol (p. 1570). 

Anthracenedisulphonic acids, C*^H®(SO®H)®. — Anthracene, treated with 
sulphuric acid, yields two disulphonic acids which, by fusion with potash, are con- 
verted into corresponding dihydroxyanthracenes ; and by oxidation of the acetyl- 
derivatives of these bodies, one of them is converted into chrysazin (p. 108), the 
other into anthrarufin — a dihydroxyanthraqninone produced also by the action of sul- 
phuric acid on meta-hydroxybenzoic (ordinary oxybenzoic) acid (see Addenda) (Lieber- 
mann, Ber. xi. 1610). To prepare this last-mentioned disulphonic acid, Liebermann 
a. Pock {Ber. xi. 1613) heat 100 pts. anthracene with 300 pts. strong sulphuric acid 
on a very gently warmed water-bath, till about 20-30 pts. anthracene are dissolved. 
Several sulpho-acids are thereby produced, but only the lead salt, C^'‘H®(SO®)®Pb 
(dried at 170®), of the disulphonic acid in question separates from the strongly con- 
centrated solution as a slightly soluble yellow precipitate. The correspond! ng sodium salt, 
C^‘H®(SO^Na)2 + a:H20, forms silvery more or less yellow laminae easily soluble in 
water, the solution exhibiting a strong blue fluorescence, especially when dilute. The 
bariur/i salt crystallises with 4 mols. water in white nacreous laminae. The free acid 
forms easily soluble flocks consisting of microscopic needles. 

Na'jghthalene’Sul^honic ucicZs, .pp. 1353-1355. 

ToluonC'SulighQmc and Xylene-sulphonic acids, see ToLtrENS and Xylene. 

Biazinsulptioiiic Acids.'^ This name may be applied to a group of compounds 
discovered by Glriess {Ber. xi. 2191), and named by him Bul^oxyhe^isenejphenols. 
They are produced by the action of phenols and their derivatives on diazobenzene- 
sulphonic acids and other diazo-compounds. Some of them are dye-stuffs, known in 
commerce as tropaeoline, chrysoidine, roccelline, &c. 

The positions of the hydroxyl- and sulphoxyl-groups in the following compounds 
with regard to the N--groups may be denoted by figures (as in the naphthalene- 
derivatives, p. 1375), plain on the right, accented on the left. 

4' 1 1 4 

i. [£— 4] Eydro xydiph enyldiazinsulphonic acid, C^H^(OH).XxzN.Q°H^(SO^H), or 
OH< ^ The potassium salt of this acid is obtained by 

gradually stirring into a solution of phenol in a tenfold quantity of 10 per cent, potash- 
ley, a quantity of paradiazobenzenesulphonic acid equivalent to the phenol present. 
The resulting deep yellow-red liquid is left at rest for a short time, then heated and 
supersaturated with acetic acid, whereupon it yields, after cooling, an abundant crop 
of light yellow laminss, consisting of the acid potassium salt of the diazinsulphonic 
acid. The crystals may be separated from the mother-liquor by filtration, and puri- 
fied by repeated crystallisation from boiling water with the aid of a small quantity of 
animal charcoal. The free acid may be separated by mixing a hot concentrated solu- 
tion of this salt with a very large excess of strong hydrochloric acid, and purified by 
recrystallisation from boiling water containing a small quantity of hydrochloric acid. 

It is nearly insoluble in hydrochloric acid and in ether, but dissolves readily in water 
and alcohol, and crystallises from a concentrated aqueous solution in yellow-red 
prisms with strong violet surface-shimmer. It decomposes when heated, giving off 
pungent vapours, and leaving a difficultly combustible cinder. Nitric acid, even when 
diluted with three or four times its volume of water, decomposes it at the boiling heat, 
forming oily products, which afterwards solidify to yellow crystals. With tin and 
hydrochloric acid it yields paramidophenol and sulphanilic acid. With bases it forms 
acid and neutral salts, most of which crystallise well. The acid potassium salt, 

* The name ‘ diazin ’ has been suggested by Dr. Armstrong for compounds of the typo 
K' — hitherto known as ‘ azo-compounds,’ thus ; 

Diphenyl-diazin 

(Azobenzene.) C®H“.N = 

Phenyl-naphthyl-diazin .... C*H®.N = 

Dinaphthyl-diaziu 

(Azonaphthalene.) 

It has the advantage of indicating the relation of these compounds to the hydrazines, 

(p. 1048). The prefix ‘ azo ’ is more appropriately applied to compounds in which a nitrogen-atom simply 
replaces 3 atoms of hydrogen, e.g. Azomethane (Hydrogen Cyanide or Methenyl-nitril), CHN ; 
Azo-ethane (Methyl Cyanide or Ethenyl-nifril), ; Azo-toluene (Phenyl Cyanide or Benzonitril), 
C’H'N. 

VoL. VIII. 6 D 
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prepared as above, or by boiling a concentrated aqueous solution of the 
acid with potassium chloride, forms thin, yellow, highly lustrous rhombic or six-sided 
plates, mostly imperfectly developed and easily soluble in hot water. The acid 
^ hwmm salt, (0‘2H'’N2SO-‘)2Ba+ SH^O, obtained by the action of barium chloride on a 
hot aqueous solution of the acid, crystallises in reddish-yellow microscopic plates only 
slightly soluble in water, even at the boiling heat. The normal barium salt, 
is obtained by adding barium chloride to a hot strongly ammoniacal 
solution of the acid, as an orange-coloured precipitate composed of small nodules, and 
very slightly soluble in water' even at the boiling heat. 

4 ;^ 1 1 8 

ii. [4'— 3] Hydrossydiphenyldiazinsulphmio acid, C®H'‘(OH)N=]Sr.C®H^(SO®H), or 

J; Bo m 

is formed by the action of the metamidobenzenesulphonic 

acid prepared from metadiazobenzenesulphonic acid, on an alkaline solution of phenol. 
It is insoluble in ether, dissolves readily in water and alcohol, and to nearly the 
same amount whether hot or cold, and crystallises from the aqueous solution by 
spontaneous evaporation in long narrow pentagonal laminae having a violet shimmer. 
By tin and hydrochloric acid, it is reduced to metamidobenzenesulphonic acid and 
paramidophenol. The acid potassizm salt, crystallises in long needles, 

and is somewhat more soluble in water than the corresponding salt of the preceding 
compound. 

13 4 


hi. [3 ; 4] Hydroscydiyhenyldiasmsul'phpnic acid, 0®H®.Nzz:N.O®H®(SO^H)(OH), is 
obtained by the action of diazobenzene nitrate on an equivalent quantity of ortho- 
phenolsulphonic acid in alkaline solution. The free acid dissolves easily in water and 
in alcohol, but is nearly insoluble in ether. From a cold concentrated aqueous solu- 
tion, it separates, on addition of strong hydrochloric acid, in thin, rhombic, yellowish- 
red, shining laminse, which change on stirring into microscopic needles. By slow 
evaporation of its aqueous solution it is obtained in large cherry-red rhombic tables or 
prisms. With tin and hydrochloric acid, it yields aniline, and the amidophenol- 
sulphonic acid described by Post (vii. 922).' 

iv. [2': 4'— 4] Nitrohydroxydijyhenyldiazinsulyhonio acid, 

4r 2 11 

0®H®(0H)(hrO2)N=:N.C®H'‘(SO®H), formed from paradiazobenzenesulphonic acid and 
orthonitrophenol, is slightly soluble in alcohol, and crystallises therefrom either in 
slender yellow needles or in well-defined rhombic or hexagonal laminae. It dissolves 
with moderate facility in hot water, the solntion solidifying on cooling to a crystalline 
pnlp. The dry compound detonates strongly when heated, 

1 4 

V. I>ihydrcxydi^kenyldiazin-‘-p-sulph(Mic acid, COT(OII}^Nzz:N.C°H‘‘(SO®H), is 
formed by the action of paradiazobenzenesulphonic acid on a solution of resorcinol in 
potash, and separates on addition of acetic acid, in the form of a crystalline acid 
potassium salt. The free acid separated from this salt by strong hydrochloric acid is 
nearly insoluble in ether, very slightly soluble in alcohol and in cold water, more 
freely in hot water, and crystallises in acute rhombic laminse, often elongated into 
needle-shaped crystals, steel-blue by reflected, ruby-red by transmitted light. It is 
decomposed by boiling with nitric acid, and when treated with tin and hydrochloric 
acid, yields sulphanilic acid and amidoresorcinol. It appears to be identical with the 
dye-stuff called tropseolin 0, which Witt obtained by the action of sulphuric acid on 
resorcinol-diazobenzene. The acid potassium salt, O^^H^N^SO^K, crystallises in 
reddish-yellow rhombic or six-sided laminse, sparingly soluble in cold, easily in hot 
water. Hydrochloric acid precipitates it from its aqueous solution at first without 
alteration, hut a large excess of the strong acid decomposes it. The acid hariim salt, 
(0^^H®K2S0®)®Ba, crystallises with 42^0 

vi. The corresponding we^tz-compound, [HzrlSr : SO®H=: 1 : 3], crystallises in 
yellowish-red slender needles which, like the last compound, are insoluble in ether, 
but slightly soluble in water. With tin and hydrochloric acid it yields metamido- 
benzenesulphonic acid and amidoresorcinol. The acid potassium salt forms hygro- 
scopic needles, sparingly soluble in cold, easily in hot water. 

vii, Methyldihydroxyphenyldiazm--g-sulphonic acid, 

1 4 

C®H2(0H®)(0H)^N=:N.C®H^(S0®H), prepared from orcinol in the same manner as the 
preceding compounds from resorcinol, forms small yellowish-red needles, sparingly 
soluble in hot, very sparingly soluble in cold water. The acid potasskm salt has tho 
composition 


3 ' 2 ' 1 1 4 

viii, SaUcyhdiphenyMazm--p-‘Sulphmo acid, C'^H'’(C02H)(0H)H=:NC®H‘‘{S0®JB[) 
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crystallises in fine golden-yellow needles, insoluble in ether, sparingly soluble in 
Water, more freely in alcohol. The aoid harium salt, obtained by 

the action of barium chloride on a hot solution of the freed acid, forms a light yellow ^ 
precipitate, somewhat gummy at first, but converted by boiling into irregular six- 
sided laminae having a strong lustre ; very slightly soluble in cold, more freely in hot 
water. 

ix. BihydroxyphenylxylyldiasimulpJionic acid, C®H®(0H)2!N'z=:]S'.C®H®(S0®H), 
forms yellowish-red slender needles, sparingly soluble in hot, still less soluble in cold 
water, "more easily in alcohol, insoluble in ether. 

X. Hydroxylr’a-Naphthyl^henyldiazin-^-sul^ho^iic add, 

1 3 

a-C^"H®(OH)br=xN.C°H'‘(SO®H), is formed from a-naphthol and paradiazobenaenc- 
sulphonic acid, and occurs in commerce 8.8 Poirrier's orange, No. I. The corresponding 
^-nwgMhol compound is Poirrier's orange, No. II. 

xi. Hyd/roxyl-a-Najghthyly7ienyldiazin--m-suly1ionic acid, 

1 8 

a-0^®H®(0H)N=:zN.C®B[*(S0®H), is separated from its orange -coloured aqueous solution 
by hydrochloric acid in very small blackish-green laminae, which when pulverised appear 
gold-green by reflected, violet by transmitted light. It is insoluble in ether, dissolves 
sparingly in cold water and cold alcohol, more easily in these solvents on warming. 

xii. Hydroxyl-^-Naphthylyhenyldiazin-mrsul^ghonic add, 

1 3 

iSO*®H®(OH)Nx=N.C®H'‘(SO®H), separates on mixing the two solutions as a brown oil, 
which after some time solidifies in needles. It is slightly soluble in ether, moderately 
soluble in water and in alcohol. Its powder is gold-green by reflected, red by trans- 
mitted light. The acid barium salt, (0®H^*N*S09"Ba-i- 5H-0, obtained by treating a 
hot solution of the acid with barium chloride, crystallises in yollo wish-red scales having 
a golden lustre, and sparingly soluble in boiling water. 

xiii. Phenylhydroxyl~a-NaphtJiyldiazinsul]ghonic acid, 
C®II^Nzz:N.a-C^°H5(SO®II)(OH). — The sodium salt of this acid is obtained by mixing 
a solution of sodium-a-naphthylsulphonate with aniline and potassium nitrite : 

Naphthylsul- Diazo- 
phonic aoid. benzene. 

By dissolving the product in ammonia, precipitating with hydrochloric acid, and re- 
peatedly crystallising it from a hot mixture of alcohol and hydrochloric acid, the free 
acid is obtained in slender brown-red needles moderately soluble in water, more 
readily in alcohol, insoluble in ether. It dissolves in ’alkalis with brown-red colour, 
changing to deep violet on acidulation. The sodium salt is moderately soluble in hot 
water, less soluble in hot alcohol, insoluble in ether; it is a dye-stuff producing a fine 
orange-colour inclining to red. At a high temperature it decomposes with strong 
intumescence. The silver salt, G^^H^^N^SO'^Ag (at 100°), crystallises in fine brick-red 
needles. The harium salt, (C^‘*H*^N'SO'‘)-Ba, and the calcium salt, are also crystalline 
precipitates (A. W. Hofmann, Per. x. 1378). 

xiv. The corresponding ^-naylitliyl-com^ound, obtained by the action of diazo- 
benzone nitrate on an alkaline solution of )8-naphtholsulphonic acid, crystallises in 
red-brown needles having a gold-green surface-shimmer, moderately soluble in water 
and in alcohol. The acid harium salt, (C*®H^^N2SO‘‘)2Ba, separates on mixing a hot 
dilute aqueous solution of the acid with barium chloride, in very small nodular groups 
of yellowish-red microscopic laminse, which are but wery sparingly soluble even in 
hot water. 

XV. PJieny l-liydroxyl-^’-Na'pUhyldiazindistdjglionic add, 

C«H^(SO«H)N=:N.^C^«H«(SO«H)(OH), 

is obtained, on mixing the barium salt of Poirrier’s orange II. {supra) with the 
exact quantity of sulphuric acid required to decompose it, and evaporating the filtrate, 
as a yellowish-red crystalline mass, soluble in all proportions in water and in alcohol. 
Its acid harium salt, C^^H'^N^S^O’Ba-t- crystallises in deep orange-red micro- 
scopic needles, which dissolve sparingly in hot and very sparingly in cold water. 

xvi. ^-Uydroxyldinaphthyldiazinsulphonic add, i3C^®H®(OH)N~NC'°H^(SO^H), 
is produced, as first shown by Caro, by the action of diazonaphthionie acid on i6-naph- 
thol. It dissolves very readily in alcohol with blood-red colour, and separates from 
the boiling-hot solution on addition of hydrochloric acid, in small red-brown needles 
yielding a blood-red powder, sparingly soluble in cold, more readily in hot wat(’r, 

6 D 2 
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almost insoluWe in ether; it is tasteless, and decomposes when 
leaving a very difficultly combustible cinder. The acid harium salt, H -N bU ) .Ka, 
r is obtained on misdng a moderately strong aqueous solution of the free acid with 
barium chloride, as a brown-red precipitate composed of microscopic needles. 

xvii. Eydroxydwarhoxyl^phenyl-a-Na^htkyldiazinsulj^honio acid, 
C»H3(SO3H)(CO2H)N=iN.a-C^W(0H)(CO=H), 
formed by the action of diazosulphobenzoic acid on an alkaline solution of a-hydroxy- 
naphthoic acid, crystallises in microscopic needles or laminse having a brown colour 
with bronze surface-shimmer, sparingly soluble in hot, very sparingly in cold water. 

xviii. BihromodiJiydroxyj^henylna^htliyldiazinsul^pJionic acid, 
Ci‘»H5(0H)2N=N.C«H2JBr'(S03H), 

is formed by the action of diazodibromobenzenesulphonic acid on dihydroxynaphthalene. 
It dissolves with moderate facility in boiling water, forming a yellow solution, from 
which it is precipitated by hydrochloric acid in violet-brown microscopic needles 
(Mess). 

STOPHOBBSSNOUC ACZBS. Syn. with PsBKOLStTLPHOJs-io acids (pp. 1538- 
1540). 

SBXiPHOPKXiOROCrXf'O'CXC ACXR. Syn. with Phloboglucolsulphonic 
A cm (p. 1572). 

StrXiPHOPXlVXSXiXC AC1B,C^H*20^«C®^S0^H, is produced, together with 
oxalic acid, by the action of nitric acid of sp. gr. 1'25, at a gentle heat on snlphocam- 
phylic acid (p. 1354). 

+ 0« « + H^O. 

It forms colourless crystals, very soluble in cold water (Kachlcr, Liehig's Annalcn, 
clxix. 178). 

SUXiPBOPROPXOXrXC ACXB, O^H^SQS (A. Kurbatow, Bar. vi. 563). The 
a-modification of this acid, CH3.GH(S0®H).G02H, is formed:— (1). By boiling a- 
cbloropropihnyl chloride, CH^.GHCLGOCl, with an aqueous solution of normal 
ammonium sulphite, in the manner descrified by Hemilian (p. 1857). (2). By the 
action of sulphuric hydroxychloride (1^ pt.) on propionic acid (1 pt.), the mixture 
being warmed to complete the action, the product then diluted with water, the unaltered 
propionic acid distilled off, the residue saturated with lead oxide, and the lead salt 
decomposed by hydrogen sulphide. The acid thus obtained is purified by repeated 
conversion into lead salt and separation therefrom. The free acid forms a syrup 
easily soluble in water and in alcohol. The harkm salt, O^H^BaSO® + crystal- 
lises in colourless shining scales, sparingly soluble in alcohol, more freely in water 
(7’4 pts. in 100 water). The calcium salt, 0®H^GaS0® -f- 2H^O, is thrown down by 
alcohol from the aqueous solution as a flocciilent precipitate. 

The normal sodium salt crystallises in deliquescent needles, and the acid salt forms 
prisms with 3 mol. of water. The normal potassium salt is very soluble, and docs 
not crystallise well, and the less soluble acid salt forms needles. The normal copper 
and silver salts separate on evaporation in crusts, consisting of microscopic needles. 
The sine salt is a gummy mass, in which crystals form on standing in the air. The 
lead salt forms glistening crystals, 

Sulpboplienylpropionic acid, C®H^®SO®, is obtained by reducing the bromi- 
nated acid with sodium-amalgam. Its acid harium salt, (G“H®SO®}“Ba -i- 5H^O, forms 
small tabular trielinic crystals exhibiting the combination oopoo (predominant) 
odJoo .op. Axial angles, a= 87^ 26' ; /8 = 108° 68 ' ; 7= 78° 6'. 

The crude sodium salt fused with potassium hydroxide yields meta-hydroxy- 
benzoic ^acid; consequently the acid is wc^a-sulphophenylpropionic acid, 
G®.S^®B[.H.G2H‘^(CO®H).H® and its bromo-derivative is ^ambromo-j?z^^(isulphophenyl- 
propionig^cid, G®.S0®H.H.02HXC02H).Br.m 

•2 osulphophenylpropionic acid, GWBrS^O® = 
G®;^Br(iii^B[.OH2.0H2.000H (G-oring, Chem. Centr. 1877. 793, 808). This acid is 
prepared by^dding parabromophenylpropionie acid (p. 1566), in small portions (not 
exceeding;.! S^ams), to a threefold quantity , of fuming sulphuric acid, care being 
taken thalH|ihe temperature of the mixture does not rise above 60°. On diluting the 
mass with water after twelve hours, a small quantity of bromocinnamic acid separates 
out ; and the filtrate, after due concentration, yields a crystalline deposit of bromo- 
snlphophenylpropionic acid, which, when freed from adhering sulphuric acid, en^-stal- 
lises in rhombic plates permanent in the air, having the composition 
-I- 2 JH^O, and gradually giving off about 2 mol. water over sulphuric acid. The 
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crystals, according to measTirements by Haushofer {ZeiUchr. Kryst, ii. 91) — ^who like- 
wise examined the forms of the following salts — are orthorhombic, haying the axial 
ratio : 6 : c = 0*7831 : 1 : 1*3013, and exhibiting the combination OP . 3P . P, 
tabular according to OP, indistinctly cleavable parallel to OP. The normal haHwn ' 
salt forms a soft mass of felted microscopic needles, only slightly soluble in water even 
at the boiling heat. The amount of water of crystallisation in this salt (1 or 2 mol.) 
has not been exactly determined, and the same is true with regard to the following 
salts. The acid barium salt^ (C®H®BrSO®)'^Pa + 8H-0, forms triclinic crystals, which 
quickly effloresce, alb: <?^0'4941 : 1 : 0*5046; a=:68° 36'; i3 = 98° 22'; 7=83° 
38'. Observed faces, ooPco , ooSco , OP', 'P^co ; /P'oo , oo/P, coP',. A^le 
ooPoo ;0P = 78°25'; ooPoo : OP = 67° 13'; ooPoo : coPoo = 79° 45' ; oopoo : /Ko 
•«76°55'; OP:^Too=21° 18'. The brachypinacoid, cof co , is vertically striated. 
No cleavage. The normal calcium salt^ C^H^BrSO^Ca+'SH-O, forms hard crusts made 
un of microscopic needles. The acid calcium salt, (C®H®BrSO^)2Ca + 8H^O, is mono- 
crinic. «: 5 ; c = 0*9774 : 1 : 0*7962 ; ^ = 86° 45'. Observed faces, ooPoo, Pco, 
coP, oop|, coP4. Tabular accor^ling to ooPoo , which is mostly vertically striated. 
Angle ooPoo : odP = 44° 18'; ooPoo : Poo =87° 27' ; Poo : Pco =77° O'. 

SUXiPHOSAXiXCirXiXC ACXB, CfiH3(0H)(S0SH)C02H. The two potassium 
salts of this acid, C^H^X^SO®+ 1^ and 2H20, described by Ira Bemsen (vii. 1125), 
yield when fused with potash, as sole products, salicylic acid and phenol (Bill. Am. J. 
[3], vi. 284). 

SUXiPHOTOXiUXC AOXl>, S03H:.C’'H®.C02H. See Toltjic acids. 

STTliPKOTOiauXBZ:, (C^H')2SO-. See Sulphones (p. 1855). 

SXrXiPKO-VRXiil. Syn. with Thiocareamide (p. 395). 

SirXiPHO-XTRETK.a.KX:, NH-.CS.SC-H^ Syn. with Ethyl Thiocarbamatr 
( p. 386), 

SirXiPKUB. Influence of Gyysum on the Extraction of Sulphur by Distillation. 
According to Sestini {Gass, chim.ital. 1874, 29), the saying of the miners in the 
Eomagna, ‘ that gypsum destroys sulphur,’ finds its explanation in the fact that gypsum 
and sulphur, at the temperature at which the latter distils, act on one another so as to 
form sulphur dioxide and calcium sulphide, according to the equation CaSO'^ + 2S 
= 280^ + CaS. At the melting point of sulphur this reaction takes place to a slight 
extent only, and by itself would not occasion any considerable loss of sulphur ; but 
the loss is increased by the circumstance that the expulsion and volatilisation of the 
crystallisation-water of the gypsum absorbs a quantity of heat which must be supplied 
by the burning sulphur. When sulphiu* is distilled under similar conditions over 
gypsum and over calcium carbonate, the latter gives rise to the formation of a much 
larger quantity of calcium sulphide than the former. 

Physical Properties. — Crystals of sulphur from a mine in Sicily have been found 
by 0. Silvestri {Gass. 1873, 578) to agree exactly in crystalline form and other 
physical characters with artificially crystallised rhombic sulphur. Sp. gr. =2*00630 
at 26°. Melting point 124-125°. Solidifying point 96-99*5°. Specific heat 
= 0*1776. 

On the Expansion-coefficient of Fused Sulphur, as determined by Bisati, see 
Heat (p. 936). 

Gernez {Compt. rend, Ixxix. 219) finds that it is possible to obtain at pleasure, 
from the same solution and at the same temperature, either the oetohedral or the 
prismatic modification of sulphur, by dropping into a supersaturated solution of 
sulphur in benzene or toluene, an oetohedral or a prismatic sulphur-crystal ; or the two 
modifications may he obtained simultaneously by dropping in the crystals of the two 
kinds together. 

Further experiments have shown that the oetohedral and prismatic modifications 
may also be produced simultaneously from melted sulphur. Fused sulphur left to 
cool in a vessel in which it is protected from the dust of the air is easily obtained in 
the state of snperfusion, and may then be made to solidify by contact with a cold 
body, especially with a fragment of a prismatic sulphur-crystal, or by rubbing two 
bodies together within the fused mass. The crystals formed under these conditions 
are always prismatic. If, on the other hand, a fragment of an oetohedral sulphur 
crystal be dropped into the superfused mass, the oetohedral modification will be 
formed, and the solidification will proceed much more slowly. The best way of 
making this experiment is to melt the sulphur in a U-tuhe, then leave it to cool, and 
drop a crystal of oetohedral sulphur into one arm of the tube. An oetohedral crystal 
is then immediately seen to form at the surface of the liquid, and to grow downwards 
till it reaches the lower layers, the solidification being accompanied by a contraction 
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of volume evidenced by the sinking of the level of liquid in the other aim 
se^nTof ite oriaiaal Wht. When one arm of the tube has thus been filled with 

oetohedral crjstall if the surface of the liquid in tie 
'■ nrismatie snlnhnr-crvstal, this arm of the tube vnll in a few seconds be completely 
filled with primatie crystals of sulphur. The two kinds of cry^l are ^ 

and at first uudistinguishable in appearance ; but, on leaving the tube at rest for 

awhile, the prismatic crystals in contact^ with the 

paler, whilst the oetohedral crystals retain their colour and transparency (tr e , 

^°TeeOTdinv™Barilaxi’(eorer. 1878, 178), the crystals of sulphur which separate 
from an Solic solution of ammonium sulphide at ordinary temperatures are mono- 

''^''"According to W. B. Hodgkinson {Chm. News, xxxiv. 68), the fUsiic modification 
of sulphur _ma,y be obtained in the wet way by passing hydrogen sulphide into a 
solution of iodine. 


.UDIOJU lUUiUC. 

On the Isomorohism of Sulphur and, Selenium, see Eammelsberg {Ber, vii. 669 ; 


Jahresh.f, Chem, 1874, 206). 

Solubility in Acetfo According to L. Liebermann_(Bej-. 2. 866), acetic acid 

can .dissolye a considerable q^uantity of snlphnr. On dUnting tbe soJntion ■with 
water, a precipitate of snlpbnr-milk is formed ; and when it is evaporated under the 
air-pump, the sulphur remains in the form of long slender prisms. 

Direct Oxidation, — ^According to Pollacci (^Gass. cliim. ital. 1875, 237), sulphur is 
directly oxidised by the oxygen of the air. He finds that sulphur, when moistened 
with water or merely exposed to moist air, is converted after some time into sulphuric 
acid. Moist flowers of sulphur form in a given time a larger quantity of sulphuric 
acid than sulphur which has been melted and pulverised, probably because they 
expose a larger surface to water and air. The crystals of gypsum and sulphur which 
form in the clefts of San Pilippo in Tuscany are often found to be soaked in freo 
sulphuric acid. In the bath-rooms of . Aix in Savoy, the limestone walls and the iron 
plates on the doors and windows are graduaUy converted into sulphates, and the 
linen curtains are very quickly destroyed by the action of the free sulphuric acid. All 
these effects are attributed by Pollacci to the oxidation of hydrogen sulphide. 

Belative Affinity of Sulphur and Oxygen for Me t a Is. ^0. Schurnmn 
{Liebig's Annalen, clxxxvii. 286) has endeavoured to determine the relative affinities 
of sulphur and oxygen for metals from a comparison of the results of experiments on 
the action: (1) of hydrogen on sulphates ; (2), of superheated steam on sulphides; 
and (3) of hydrogen sulphide on oxides. The substances experimented on were 
heated in tubes of glass or porcelain, while a current of pure hydrogen, or of jsteam, 
or hydrogen sulphide, was passed over them, and the products of the action were then 
analysed. The results are given in the following table, which shows, also, those 
previously obtained by other investigators : — 


Metal 

Action of Hydrogen on 
the Sulphate 

Action of Steam on the 
Sulphide 

Action of Hydrogen sulphide 
on the Oxide. 

Na 


la. 

Na^S (Kirscher). 

K 

K“S (Berzelius). 


- 

Cu 

Cu (Arfvodson). 

Ib. 

Cn (Regnault). 

Cu^'S (Schumann). 

Ag 1 

Ag (Schumann). 

Ag (Regnault) feeble. 

Ag^S (Bottger). 

Mg 

MgO (?) 

Ila. 

MgO (Schumann). 

Very little MgS 

Ca 

CaS (Eegnault). 

CaO + very little CaSO ’ 

(Schumann). 
4CaS -h SCaO 

Sr 

SrS (Forster). 

(Schumann). 
SrSO"* (Schumann). 

(Schumann). 
2SrS -f SrO 

Pa 

12SrS + SrO 

(Schumann). 
BaS (Forster, 

BaS O'* (Regnault, 

(Schumann). 

BaS (Berzelius). 


Schumann). 

Lauth, Schumann). 

3BaS + BaO 

(Schumann). 
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Metal 

Action of Hydrogen on 
the Sulpliate 

Action of Steam on the 
Sulphide 

Action of Hydrogen sulphide 
on the Oxide i 



Ilb. 


Zn 

ZnOS (Arfvedson, 

ZnO (Regnault). 

ZnS (Arfvedson, 


Rammelsberg) 

Schumann). 

Od 

CdS + Gd (Schiidler). 

CdO (Regnault, 

Wackenroder). 

CdS (Schumann). 

Hg 

Hg (Schumann). 

Hg (Regnault). 

III. 

HgS (Schumann). 

A1 

1 APO® (Schumann), 

1 APO® + a little 

1 <Al^(SO'*)® (Schtunann). 

IV. 

A little AlW 

(Schumann), 

Ti 

— 

TiO^ (Regnault). 

— 

Sn 

Sn + SnS® (Arfvedson). 

SnO^ (Regnault). 

SnS (from SnO) 

(Schumann). 
SnS* (from SnO^). 

Pb 

Pb + PbS (Arfvedson, 
Bodwell). 

PbS + Pb + PbO 

(Descotils). 
PbS + PbSO^ . 

(Pattinsou). 

V. 

I As^OS* (Regnault). 

Pb + PbS (Schumann). 

As 

_ 

As“S^ (Schumann). 

Sb 

Sb'^O’ + Sb + Sb^S’ 

(Arfvedson). 

Sb^OS- (Regnault). 

Sb'O^S^ (from Sb'^O®). 

Sb^OSs (from Sb^O^) 

1 (Schumann). 

Bi 

Bi (Arfvedson). 

; Bi (Regnault). 

VI. 

1 Bi^S''’ (Schumann). 

Cr 

Cr^O* (Schrbtter). 

Cr^O^ + Cr"-S3 (Traube) 
12Cr^03 4- Cr^O^S^ 

(Schumann). 

CP03’+ Cr'-^S3 

(Regnault). 

VII. 

1 CPS'*’ + Cr=02 

(Schumann). 

Mn 

Mn-OS (Arfvedson). 

Mn®0'‘ (Regnault). 

MnS (Arfvedson). 


Fe'-^S (from FeO). 

Fe^O'* (Regnault). 

Fo-03 + 1, 2, 3Fe=S''* 

(Rammelsberg). 
Fo^S® (Rammelsberg), 

Fe 

Fe»S (from Fe^O^) 

(Arfvedson). 

Co 

Co"OS (Arfvedson). 

GoO (Regnault). 

FeS (Sidot). 

FeS^ (Berzelius). 

Co^OS (Schumann). 

Co-S^ (Berzelius). 

Co'‘S^ (Arfvedson). 

Ni 

NFS (Arfvedson). 

NiO (Regnault). 

Oo^S« (Hjort). 

NiS (Arf. Sehu.) 


In group la, the experiments are incomplete, o'Win g to the want of vessels which 
are not attacked hy the fused sulphides. There can he little doubt, however, that 
the sulphides would be converted into sulphates by the action of superheated steam ; 
and since the oxides also yield sulphides with hydrogen sulphide, it follows that the 
metals of this group have a greater affinity for sulphur than for oxygen. 

In group lb, copper and silver behave exactly alike, and the affinities of sulphur 
and oxygen for these metals are about equal. 

In group Ila, where the metals are arranged in the order of their atomic weights, 
the affinity for sulphur is seen to increase from magnesium to^ barium. Magnesium 
exhibits a greater affinity for oxygen ,* with calcium, the affinities for sulphur and for 
oxygen are about equal ; whilst strontium and barium display a decidedly greater 
affinity for sulphur. 

In group lib, the affinities of the metals for sulphur and for oxygen are about 
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equal. The action of hydrogen on the sulphates shows that the afBnjties of the 
metals for both metalloids decrease in the order of the atomic weights, zinc yielding 
oxysnlphide and cadmium yielding sulphide, whilst mercury yields only metal. 

In group IV, the affinity of the metals is slightly greater for sulphur than for 
oxygen. 

In group VII, manganese and iron exhibit equal affinities for sulphur and for 
oxygen. Nickel and cobalt show a somewhat greater affinity for sulphur. 

The table exhibits a periodic rise and fall in the affinities of the metals for sul- 
phur. In the first group the affinity decreases from potassium to silver. In tho 
second group, it is almost nil with magnesium, increases from thence to barium, and 
decreases to mercury. In the third group, aluminium shows a minimum of affinity 
for sulphur. In the fourth and fifth groups the affinity for sulphur increases up to 
arsenic, and then decreases to bismuth. In the sixth group, it is once more at a 
minimum with chromium, and from thence insreases throughout the seventh group. 

The general conclusion from these experiments appears to be that the strength of 
affinity for sulphur 'in comparison with that for oxygen is greatest in metals of 
highest atomic volume. 

SVWHUXt SROnCXDES (Hannay, 8oc. J, xxvi. 823; xxxiii. 284). 

When flowers of sulphur are treated with bromine, about 0*08 per cent, remains un- 
dissolved ; this portion appears to belong to the prismatic modification, as it remains 
undissolved also when the flowers of sulphur are treated with carbon sulphide. Pul- 
verised rolled sulphur, on the other hand, is completely dissolved. The vapour which 
surmounts the mixture of sulphur and bromine exhibits, even at 0°, the characteristic 
absorption-spectrum of bromine, but on addition of a larger quantity of sulphur this 
spectrum gradually disappears. 

The following are the temperatures at which the spectrum ceases to be visible in a 
column 0*5 meter long of the vapour standing over different mixtures of sulphur and 
bromine : 

Por S’Br S“Br= S*Br S"Br* SBr S“Br« SBr» 

Temp. 42® 33® 25® 13® 3° -7 still visible 

at -18® 

In the distillation of a considerable quantity, the mixture begins to boil at 72®, and 
the boiling point rises continuously up to that of sulphur, affording therefore no evi- 
dence of the formation of a definite compound. 

The specific gravities of various mixtures of bromine and sulphur are as follows : 

S’Br S^r SBr SBr* SBr* SBr* 

2-293 2-625 2*628 2820 2*880 2*905 

The greatest contraction therefore takes place with the proportion S : Br®. On ex- 
posure to low temperatures, the mixtures become viscid, but do not solidify oven at 
temperatures at which bromine freezes. 

When the fuming liquid S^Br-, formed on bringing bromine and sulphur together 
in the ratio 80 ; 32, is exposed to the air in a thin layer, it deposits free sulphur in 
fine crystals soluble in carbon sulphide, as is also the amorphous sulphur which 
separates from the liquid on addition of a large quantity of water. Ordinary phos- 
phorus dissolves in the sulphur bromide, with evolution of heat, forming a solution 
which explodes when an attempt is made to distil it. Amorphous phosphorus does 
not act on the sulphur^ bromide. Potassium and sodium in thin plates take fire in 
contact with it ; aluminium powder remains bright in it ; antimony powder unites 
^th the bromine without incandescence ; arsenic dissolves in it to a colourless fetid 
liquid. When a small quantity of arsenic is dissolved in SBr^, and the liquid is 
cooled to -18®, dark-red crystals are formed, having the composition AsS%s or 
possibly AsSBr,SBr2. 

Prom these results, Hannay concludes that when bromine and sulphur are brought 
together in any proportions whatever, the action between them does not take place in 
multiple proportions, but is rather an action on the entire mass. If, however, the 
body SBr comes in contact at a comparatively low temperature with another with 
which it can unite, combination between them then takes place in multiple propor- 

The properties of stdy>h/i6r sulpkodibromide, S“Br^, have also been investigated by 
Muir (Chem. Boo. J. xxyiii. 845). When sulphur and bromine are brought together 
in the proportion required to produce this compound, they unite, with only slight 
evolution of heat, which, however, may be increased by agitation. The sulphodi- 
bromide begins to distil at 60®, the thermometer then rising slowly to 190® and by 
the time it rises to 220°, nearly half of the liquid will have passed over, the residue 
m the retort being then nearly solid. On rectifying the latter distillate, and collecting 
apart that which passed over between 190® and 200®, a liquid was obtained consisting 
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of nearly pure sulphur sulphodihromide, S^r^ (anal. 70*39 p. c. Br ; calc. 71*43). 
When an excess of bromine was added to the sulphodihromide, and carbon dioxide 
was passed for some time through the liquid at 15°, 50°, and 90°, the residue always 
exhibited the composition S^Br^. When sulphur was treated with a quantity of 
bromine larger than that required to form the compound SBr^ the whole then placed 
in a freezing mixture/ and carbon dioxide passed through it for a considerable time, 
no definite compound was obtained. 

According to Hannay^ {Chem, News, xxxviii. 240), sulphur bromide [? S®Br^] 
undergoes complete dissociation at 15°, and the retention of bromine at higher tem- 
peratures is due to the passage of the sulphur into the plastic state. 

SUXiPBUR CBXiOBXBZSS and OXYCBXiOBXBXSS. See viii. 1129-1133. 

Sulpburic BydroxycWoride, or Cblorhydrate, S02(0H)01. This compound 
may be conveniently prepared by the action of hydrogen chloride on crystallised pyro- 
sulphuric acid, S-O’H^ ; 

B:0.S02 0.S02.0H + 2HC1 = H^O + 2(C1.S02 OH). 

The acid liquefied by heat is saturated with diy hydrogen chloride, and the hydroxy- 
chloride, the formation of which is attended with considerable rise of temperature, is 
distilled off ; it passes over in nearly theoretical quantity as a liquid boiling between 
149° and 151° (corr. 150-7°“152*7°) (Beekurts a. Otto, Ber, xi. 2058), 

Sulpburic Gbloride, SO^CP. Williamson observed that the hydroxychloride 
is resolved by distillation into sulphuric acid and sulphuric chloride, SO^CP, and 
Behrend (J". jpr. Chem. [2], xv. 23) has founded on this observation a method of pre- 
paring the latter compound. He finds that the decomposition takes place readily in a 
sealed tube at 200°-210^; and that on distilling the contents of the tube, purifpng 
the portion which goes over up to 110° by a second distillation on the water-bath, 
and pouring the whole of this second distillate into a tap-funnel filled with lumps of 
ice, the ice-cold water instantly decomposes the remaining sulphuric hydroxychloride 
and the sulphuric anhydride formed in the reaction, whereas the sulphuric chloride is 
scarcely attacked by it, and sinks to the bottom as a heavy oil. It may be dried 
with calcium chloride, or better in the exsiccator over phosphoric anhydride, and 
redistilled at the heat of the water-bath, whereupon it passes over as a colourless, 
mobile, extremely pungent-smelling liquid, which fumes slightly in the air, boils con- 
stantly at 70*5®, has a density of 1*661 at 21°, and vapour-density = 4*751 (calc. 
4*677). The yield is about 40 per cent. 

According to Beekurts a. Otto {loo. cit.), the decomposition of sulphuric hydroxy- 
chloride, in the manner above mentioned, is by no means complete, a considerable 
portion remaining unaltered even after heating for a long time at 170°~180°. More- 
over, chlorine and sulphurous anhydride are amongst the products of the decomposi- 
tion, and the conversion of the sulphuric hydroxychloride into the chloride appears to 
take place in such a manner that the hydroxychloride is first resolved into free chlorine 
and dithionic acid, which latter splits up ^ into sulphurous anhydride and sulphuric 
acid, according to the equations : 

2(C1.S02.0H) « CP + S20^(0H)2 
S^O\OB.y = S02 + S02(0H)2 ; 

and the chlorine and sulphurous anhydride then unite to form sulphuric chloride. 

Action of Sulphuric Chloride on Alcohols. — The products of this reaction are 
alcoholic sulphuric chlorides, Cl.SO^.OR, analogous fto sulphuric hydroxy- 
chloride. To prepare them, the alcohol is added by drops to the sulphuric chloride 
contained in a cooled vessel, and the product is purified by pouring into ice-cold water 
and drying it over phosphoric anhydride. In this manner have been prepared: 
Sulphuric raethoosy chloride, CLSO^.OCH®, which is easily decomposed by water ; and 
sulphuric hutoxychloride, Cl.SO^.OC'^H®, a pungent-smelling liquid, which is converted 
gradually at ordinary temperatures, with explosive violence at 80°, into a dark-brown 
glutinous substance. Benzyl alcohol did not yield a pure sulphochloride (Behrend, 
Ber. ix. 1334). 

Szdphurio ethoxychloride, Cl.SO^.OC^H®, is formed, together with other products, 
by the action of sulphuric anhydride on ethyl chloride, also by that of phosphorus 
pentaehloride on potassium ethylsulphate. After drying by means of anhydrous 
cupric sulphate (calcium chloride decomposes it), it distils almost completely at 80°- 
96° under a pressure of 13*5 mm. When ammonia is passed into a solution of this 
compound in anhydrous ether, a white crystalline mass is formed, which is insoluble 
in absolute alcohol, and appears by analysis to be a mixture of sal-ammoniac and 
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sulphuric ethyloxamide, KH^.SO^.OC^H^ which could not be separated. With 
sulphuric ethoxychloride yields two sulphouic acids which have not yot 
been investigated (T. v. Purgold, Ber. vi. 602). With methyl alcohol, sulphuric 
ethoxjehloride forms methyl-ethyl sulp*hate, (OH®)(O^H®)SO^ a neutral, laintiy 
yellowish liquid, which is also formed by the action of ethyl alcohol' on sulphuric 
ethoxychloride (Behrend). 

Salphur-selenium Oxytetrachloridey SO^SeCP^ClSO^.O.SeCP, which Bose 
obtained by the action of sulphuric anhydride on selenium tetrachloride (v. 223), is 
also produced from the latter: (1). By the action of sulphuric hydroxychlorido, 
SO-Ol(OH), The resulting solution, which has a yellowish to red-brown colour 
while warm, solidifies on cooling to a crystalline cake, made up of small slender 
white needles, mostly grouped in radial bundles. (2). By the action of pyrosulphuric 
acid: 

-H SeCB = so^seCB + 

(3) . By heating selenium tetrachloride with sulphuric acid : 

3SeCP 2SO® == 2S03SeCB -h SeO^ + 4HC1. 

(4) , By heating selenium tetrachloride with pyrosulphuric chloride : 

SeOB -t- = SO^.SeCB + SO^ OP. 

(5) . From sulphuryl chloride and selenium oxychloride. At ordinary temperatures 
these bodies do not act on one another, but mix to a greenish-yellow liquid, which 
after some time deposits small cubic crystals of selenium chloride ; but if the mixl.nro 
be heated for some hours at 170°-180°, it solidifies to a crystalline mass of sulphur- 
selenium oxytetrachloride : 

S02CP + SeOCP « SO^SeCP. 

(6) . Together with sulphuric acid by heating sulphuryl chloride with selenious anhy- 
dride. 

Sulphur-selenium oxytetrachloride resembles sulphur oxytetrachloride (vii. 1132) 
in external appearance, deliquesces with equal rapidity in moist air, but cIoch not, 
decompose spontaneously when excluded from the air, and is not decomposed by heat. 
It melts at 165°, boils at 183^, is but very slightly attacked by strong sulphuric acitl. 
Its vapour-density at 209° is 3-362 , instead of the calculated value 10-426; it there- 
fore undergoes dissociation when heated, probably according to tho equation : 

2S03SeGP = 2S03 + Se'-^CP -i- SOP 
(F. Clausnitzer, Ber. xi. 2007). 

Sulpliur-titauiuxn Oxytetracmoride, SO'’TiCP= ClSO=.O.TiGP, is formed, 
with evolution of hydrogen chloride, when sulphuric hydroxychlorido is added by 
drops to titanium tetrachloride, and remains, on heating the product at 1 00°, as 
yellow amorphous powder, which deliquesces partially in moist air, hut may bo’ kept 
unaltered for a long time apart from the air (Clausnitzer, loc. cit.) 

SirXtPKXTR, OXXBBS and OXYGBXT-ACXBS OP. On the Thermic Bela- 
tions of these Compounds and their Salts, see Heat (pp. 954-959 ; 962 - 982-989 • 
996-997). • ' ’ 

Hy^osulp/mrous add, On the Beaction of this Acid with ASrated Water 

see Oxygen (p. 1470). 

Sesquioxide, SW (B. Weber, Ann. clvi. 531). The blue substance 
produced by the action of sulphur on sulphuric oxide (SO**), or on strongly fuming oil 
of vitriol, is insoluble in pure sulphuric oxide, and may be isolated by the following 
method. Well-dried flowers of sulphur are gradually added to sulphuric oxide freed 
by careful rectification from sulphuric acid, fresh quantities being added only when 
the previous portions have entered into combination. The sulphur, at the moment 
of contact with the sulphuric oxide, liquefies to dark-blue drops which do not mix with 
the oxide, but sink in it and immediately solidify. The operation may be conveniently 
performed in a test-tube covered with the lid of a small porcelain crucible to protect 
the contents from the moisture of the air. It is advisable to incline the tube after 
each addition of sulphur, so that the drops of the resulting compound may come in 
contact with its surface ; they then spread out on the glass, and harden to a thin 
crust which does not^ enclose so much of the anhydride as the solidified drops 
surrounded by the liquid. The tube should be cooled by immersion in water at 12°- 
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15°, to prevent decomposition by rise of temperature. After about a gram of snlpbur 
has been added, the excess of sulphuric oxide—which is perfectly colourless if the 
process has been well conducted — is poured of^ the last portions of it expelled by 
very careful evaporation at a temperature not above blood-heat, and the layer of blue 
substance adhering to the tube is removed with a sharp-edged glass rod. The com- 
pound thus prepared forms bluish-green very friable crusts having a structure like 
that of malachite, and made up of nodular groups of crystals recognisable only with a 
magnifying glass. It is liquid at the moment of formation, but soon solidifies, and 
cannot be remelted without decomposition. It decomposes, after a short time, even 
at ordinary temperatures, and much more quickly when heated, giving off sulphur 
dioxide, and leaving, if moisture has been excluded, perfectly dry sulphur having a 
very light yellow colour in consequence of its finely divided state. At low tempera- 
tures the decomposition goes on slowly enough to admit of the weighings required for 
analysis. In moist air the compound quickly absorbs water, and deliquesces to a 
clear brown liquid, which, on further absorption of moisture, becomes turbid from 
separation of sulphur. The compound, when 'dropped into cold water, decomposes 
instantly with violent hissing, yielding sulphuric and sulphurous acids, together with 
thiosulphuric acid or a polythionic acid resembling it, and free sulphur, mostly of soft 
tenacious consistence. With anhydfom alcohol or ether the blue compound decom- 
poses, with separation of sulphur. Its analysis gave on the average 57*12 per cent, 
sulphur, agreeing closely with the formula S^O®, which requires 67*14: per cent. 

Sulphur sesquioxide dissolves with deep blue colour in a mixture of sulphuric 
oxide and acid, even if this mixture contains but a small proportion of the latter. 
Such solutions, if kept in sealed tubes and in a cool place, retain their blue colour for 
several weeks. Gradually, however, this colour becomes paler, and the solutions 
acquire a green, afterwards a brown tint, and ultimately a colour like that of common 
oil of vitriol, sulphurous oxide being at the same time evolved, and sulphur deposited 
if the quantity of sulphuric oxide present is not very large. Addition of sulphuric 
acid or of sulphur causes the change of colour to take place immediately. The brown 
solutions are much more stable than the blue. In an acid containing only 1 mol. 
SO® to 5 mols. SO^H®, the sesquioxide dissolves at once with brown colour. Ordinary 
sulphuric acid decomposes it immediately, with separation of sulphur, 

A corresponding sul<phuT-seleniwn coyn^oimd, SeSO®, is produced by direct com- 
bination of selenium with sulphuric oxide. The selenium softens, and is converted 
into a deep green tarry mass which gradually solidifies ; and after decanting the excess 
of sulphuric oxide, and removing the last portions of it by careful evaporation, 
the selenium-compound may be scraped out with a sharp-edged glass rod. It has a 
dingy-green colour in the compact state, yellow in powder. It is much more stable 
than sulphur sesquioxide, not being decomposed even by gentle heating. At a higher 
temperature it is resolved, without previous fusion, into sulphur dioxide, selenium 
dioxide, and selenium. On throwing it into water, a violent reaction takes place, 
selenium being separated as a coherent mass, and sulphuric, sulphurous, and seleuious 
acids produced. The compound dissolves with deep green colour in sulphuric oxide 
mixed with sulphuric acid; also without decomposition in strong sulphuric acid, 
(SO-^H®), and, on adding a small quantity of water to the solution, it turns brown 
before completely decomposing. The compound also dissolves with brown colour in 
sulphuric acid of sp. gr. T806 (Weber). 

Bioxide, Sulphurous Oxide, or iLuliydride, SO®. Melsens {Oom^t. 
rend. Ixxvi. 92) prepares this compound, as formerly suggested by Dumas, by the 
action of sulphur on sulphuric acid. If a glass vessel is used for the purpose, frag- 
ments of pumice must be immersed in the acid to ensure the production of a regular 
current of the gas. With east-iron vessels it is easy to prepare in this way largo 
quantities of sulphur dioxide. 

Pierre {ihid, 214) determines the boiling point of the liquid dioxide by placing it 
in a test-tube of thin glass closed with a cork having two borings, through one of which 
a thermometer is inserted, while the other affords an escape for the vapours. At 
ordinary temperatures the sulphurous oxide begins to boil violently, but the boiling 
soon slackens in consequence of the cold produced by the evaporation ; then again 
becomes violent, once more slackens, and so on. During this fluctuating ebullition, 
the boiling point scarcely varies by 0*2®. If the tube be wrapped in flannel to prevent 
the deposition of a film of water on the glass, the limit will he still further narrowed. 
The boiling point thus determined is about —8®. 

Sulpliites. Normal Ammonium Bulfhite^ (NH^)®SO®, is produced by the 
decomposition of the residues of Laming’s masses from gas works, which are used for 
the preparation of ammonium sulphate. These residues, when left to themselves, 
become heated, sometimes even to redness, and give off white vapours which may bo 
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candensed in a glass vessel held over the heap, the deposit being found to consist of 
ammonium sulphite. The masses originally contain — in addition to sulphate of 
ammonium — considerable quantities of thiocyanate, and the sulphite appears to be 
formed from this latter salt by oxidation and assumption of water ; 

CISrS.NH4 + 03 + 2H20 = + 00^ 

(E. Scheitz, Arch. Tharm. [8],-t. 332). 

Sodiiim-hyArogen Bulyhitc^ SO^KaH. — This salt is recommended by Th. 
Schuchardt {Dingl. fol. J. ceix. 154) as an antichlor, instead of the thiosulphate. The 
latter deposits sulphur on the tissues iu a very finely divided state, and this sulpliur 
becomes oxidised to sulphuric acid, which gradually destroys the fibre. This incon- 
venience may he obviated by the use of normal sodium sulphite ; but the acid sulphite 
is preferable, as it acts more strongly and is relatively cheaper. 

Sulphite of Palladium and Bodiunij PdSO^SlTa^SO^ -i- 2H20, is formed on 
mixing a solution of palladium dichloride with sulphurous acid, and gradually adding 
caustic soda, whereupon a nearly white precipitate is formed, which gradually becomes 
crystalline, and dissolves in an excess either of sulphurous acid or of soda. When 
dry, it forms a pale-yellow crystalline powder, which, when heated, first assumes a 
deeper yellow colour, then decomposes and turns black. Potash and ammonia do not 
precipitate a solution of palladious chloride mixed with sulphurous acid (Wohler, 
Liebig's Annalen, clxxiv. 199). 

Sulphites of ^Iridium and Sodium (Seubert, Ber. xi. 1761). — ^In the process 
of separating iridium from rhodium by means of sodium sulphite, a sodium-iridium 
sulphite is obtained in the form of a more or less bulky whitish-yollow precipitate. 
In one of the flasks used for the precipitation, whitish-yellow satiny scales wore 
deposited, having the composition IrSO^SNa-SO^-j- 10H“O, and separable for the most 
part by levigation from the amorphous precipitate formed at the same time. In 
another flask the precipitate consisted chiefly of broad white needles having tile com- 
position IrH2(S03)2 SNa^SO^ 4H20. A third salt separated on the sides of the vo.^el 
in stellate groups of very slender needles consisting of IrH3(S03)2,3Na‘S03 + lOH-0. 
All these salts are but slightly soluble in cold water, more abundantly, but not without 
decomposition, in hot water. They have an acid reaction, and dissolve in acids, with 
evolution of sulphur dioxide ; oxidising bodies change the light colour of their solutions 
to green, afterwards to blue. With allcalis and alkaline chlorides they yield wliite 
precipitates containing the whole of the iridium, and a similar reaction is produced hy 
silver nitrate. When heated, they acquire a darker colour, and give olf sulphur 
dioxide; and at a red heat they leave a skeleton of black iridium and sodiiun sulphate. 

When ammonium chloridiate is treated with sulphurous acid, a moss-groon powder 
is obtained, the aqueous solution of which, when strongly concentrated, deposits brown 
needles of the sesquiehloride of iridium and ammonium, Ir-CP, 6NH^C1-I- 3H-0, described 
hy Claus ; afterwards, when strongly cooled, beautiful orange -red shining crystals of 
the salt IrCP,S03H“,4NH<Cl, which is extremely soluble, but not deliquescent, and has 
an acid reaction. This compound is an acid capable of decomposing alkaline carbon- 
ates, and forming with the alkalis very unstable salts, which lose their power of 
crystallisation even at the heat of the wator-hath, and are separated from their solu- 
tions by alcohol in the form of dark-red oils, solidifying, when treated with absolute 
alcohol, to dark masses. The potassium salt has the composition IrCRSO^K'-^ 2NH'‘C1 + 
4H20 ; the ammonium salt is IrCP, S03(NH0^2NH:‘‘C1 + 4H20. ’ 

On the compounds of Sulphites with Bvroracemates, see Pvroeacbmic Acid 
(p. 1718). 

Sulphur Trioxide, Sulphuric Oxide, or Anhydride, SO^. Form- 
njm.— According to Scheurer-Kestner {Gompt. rend. Ixxx. 1230), the white fumes 
given off in the combustion of pyrites, consist not of sulphuric acid vapours, but of the 
anhydride, since they are formed even when the pyrites is perfectly dry. The anhy- 
dride is in fact produced by the direct combination of sulphur dioxide with oxygen in 
presence of red-hot ferric oxide (oxidised pyrites), as Scheurer-Kestner has shown hy 
passing mr mixed with sulphur dioxide through a red-hot platinum-tube containing 
burnt pyrites {comp. Wohler, Liebig's Annalen, Ixxxi. 255). ^ 

Wiukl&siBinglpol.J. eexviii. 128, Chem. Soo. J. xxix, 784) has made expori- 
ments on the formation^ of sulphur trioxide by the direct combination of oxygen and 
smphm dioxide, platinised asbestos being used as a contact-agent. With a layiu- 
of asbestos 30 cm. long and 12 mm. thick, containing 8*5 per cent, platinum, and 
heated to redness, 100 pts. by weight of sulphur dioxide yielded the following 
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{a). Mixture of pure SO® and pare oxygen 

{b). Mixture of pure SO® and air 

(c). Mixture of air and 4 to 5 toIs. per cent. SO® obtained 
by burning sulphur in a current of air . 


rs-S pts. SO* 
47*4 „ 

11*5 „ 


The action of the platinised asbestos (and of other contact-substances) diminishes 
therefore in proportion as the sulphur dioxide is diluted -with indifferent gases. 

A mixture of pure sulphur dioxide and oxygen in the required proportions may be 
obtained from sulphuric acid, 'which at high temperatures is resolved into SO®, oxygen 
and water. 

tThe apparatus used by Winkler consisted of a wrought-iron tube coated inside and 
out with a nodxture of Chamotte clay and water-glass, this mixture being burnt in, and 
the tube filled "with fragments of porcelain. It was then heated to bright red- 
ness in a charcoal fire, and sulphuric acid of 66° was continually dropped into it 
through a twice-bent fiinnel-tube. The escaping gases were dried by passing over 
lumps of pumice drenched with sulphuric acid, and then passed into a long glass tube, 
horizontal at first, then bent downwards, and having its horizontal part loosely filled 
with platinised asbestos (containing 8*5 per cent, platinum), whilst the vertical arm 
dipped into a receiver filled with strong sulphuric acid destined to receive the anhy- 
dride formed by the reaction. This receiver was connected with a second, also con- 
taining strong sulphuric acid, and the latter with a third containing a solution of 
sodium carbonate. With this apparatus, 195 grams of sulphuric acid of 66° 

( = 146*2 g. SO®) yielded 107*8 g. SO®, 22*6 g. SO®, 5*6 g. oxygen and 45*8 g. water, 
while 13*2 g. sxdphuric acid remained undecomposed. Consequently 73*7 per cent, of 
the anhydride contained in the total quantity of sulphuric acid employed, or 78*4 per 
cent, of the anhydride contained in the sulphuric acid actually decomposed, was ob- 
tained in the form of fuming sulphuric or pyrosulphuric acid. 

For preparation on the large scale, sulphuric acid of 66° is made to flow in a thin 
stream into earthenware retorts heated to bright redness, and the products of decom- 
position are passed, first through a cooling apparatus to condense the water, then 
through towers filled with coke moistened with strong sulphuric acid, to complete the 
drying, and finally into tubes of glazed earthenware filled ■with platinised asbestos, 
and heated to low redness. From 50 to 103 kg. asbestos, containing 8 kg. platinum, 
are sufficient for a work of considerable size. The resulting sulphur trioxide is col- 
lected in tubes of glazed earthenware, or brought in contact with a shower of sulphuric 
acid of 66°. The unabsorbed mixture of sulphur dioxide and oxygen is passed into 
lead chambers. 

This process has been patented by Squire a. Messel (see further Dingl, poL 
ccxxiii. 409). 

Properties . — The variation in the melting point of sulphur trioxide according to its 
mode of solidification, which was attributed by Marignac (v. 569) and Scliultz- 
Sellack (vii. 1135) to the existence of different modifications, has been shown by B. 
Weber {Pogg. Ann. clix. 313) to be due to imperfect purification. Weber has pre- 
pared the pure trioxide by repeated distillation, finally in a sealed bent tube. It is at 
ordinary temperatures a very mobile perfectly colourless liquid, which when slowly 
cooled solidifies in long transparent crystals resembling those of saltpetre, and quite 
different from the opaque asbestos-like needles of ordinary sulphuric anhydride ; it 
melts at 14*8°, and boils at 46*2° (bar. 761*6 mm.) Sp. gr. 1*940 at 16°. It may be 
kept for years without giving any indication of change in its molecular state. By 
absorption of a small quantity of moisture it is converted into a snow-white, opaque, 
infusible body, which, if present even in small quantity, diffuses itself through the 
liquid in flocks, which may easily be made to adhere together in the upper part of a 
glass tube. This hydrated compound, the proportion of water in which must be very 
small, is a constituent of the ordinary anhydride, and gives rise to its peculiar proper- 
ties. Besides this hydrate containing the minimum of water, the cautious addition of 
ordinary sulphuric acid to the ordinary anhydride gives rise to a liquid product, from 
which at 8° to 10° spicular crystals separate, having the composition H®S^O^® or 
H®0,4SO®. In preparing this last hydrate, an excess of common sulphuric acid must 
be avoided, as even a small quantity of it prevents the separation of these crystals and 
determines the formation of pyrosulphuric acid, S®0’'H®, or B[®0.2SO*. 

With reference to these observations of W eber, Marignac {N. Arch. ph. nat. Iviii, 
228) publishes the following results of some new experiments on preparations made 
twenty-four years ago. 

When sulphuric oxide which had been kept in sealed glass tubes was slowly 
heated in a water-bath, it began to melt on the first day at about 100° ; on the second 
day it began to become transparent between 60° and 60° ; between 60° and 65° a 
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partial fusion too. ple.e ; at SO^ 

complete till the heat was raised to 95 . an p greater part was 

day^the oxide began to he transparent at 36 -40 ^ 70 “as ^peated on the 
meited,andat80=the “ ^ |oT" 50». 

fourth day, the temperature being ^ to be melted the rest forming 

After thartime three-fonrto of thinks it 

a gelatinous mass floating in a hqui . Koiii'm-u- nf Weber’s supposition as to the 
mfy be inferred that, even adptting protebihty ^tiU the 

solid modification OTOg Its ^stenee to the present 

gradnal alteration of the meltii^oin a p^^^ combination of the hydrated 

isomeric alter^ion, or to an alteration o formerly examined both the 

compound vnth the anhyfco^ oiade^ H^^^^^ 

.o-de. yields 

Cl-SO’-OO'-ff. together tnth the two ’®°“®r®,Q2?sWl fsee Obxobipe’ 

C'^ffOl.SO^^.OH, and isethionic chloride, C2H^(OH).SO bl tsee Jiran. onj.ui . 

p. 746). 

Snintanxle Acid. SO^ff =SO®{OH)*. Mamfaciure.—S. A. Smith (PM. Ma^. 

ID the chamber should he kept as nearly as possible at 200 h. (95 55 o.j, mis tern 

SSCeirinto a jet of water, whereby the latter is finely divided. 20 kg. ot 

Lam are s^eient to convert 80 kg. of water into '^’ffSoacid 

the evanoration of the water, a considerable saving of fuel is effected. Tho nitiic ac a 
may LtoSXed into the chambers in a very similar manner, the fover tower 
heine thereby reduced to a mere condensing apparatus, and the loss of nitric acid 
Sed to it thereby avoided (PAam. /. Pra»s. [3], vi. 324; OAem. Mm, 

“"onSparatus for the Manufacture of Snlphurio acid oontriyod by do Hemptinno, 
SPA J. ccxvii. 300; ccxxiv. 1137; Jahresh. /. Chem. 1875, lOoo , 

1877, 1137)- On the roasting of Pyrites, see McCulloch {Ohm. News, xxvii. 

^^*bnthl Estimation ofthe Loss of Sulphurous acid in the Lead-ohambor process, 

see Maotear (0^57?^. iVbws, xxxvi. 49). -i 

On the Eecovery of Nitrogen Oxides in the Manufacturo of Sulphuric acid, aud tho 
Punction of the Olover Tower, see Vorster {Dingl pol J. ccxni. 411, 

CJiem 1874 1104; Chem. Soc. J. xxvii. 829, 924; and Lunge, Bcr. x. 143- ; Dtngl. 
pol. j. 225 ! Jahresb. 1877, 1139; Chem. Soc. J. xxxii. 944). 

Purification from Arsenic. — H. A. Smith Chemist, 1873, 413) obesrves 

that the process of heating the sulphuric acid with common salt, or passing hydro- 
chloric acid gas through it, never effects a complete removal of tho arsonic. Bettor 
results are obtained with hydrogen sulphide, the best mode of proceeding being to mix 
the sulphuric acid with a sufficient quantity of iron sulphide, or of sodium sulphide in case 
the introduction of iron into the acid should be objectionable. The metallic sulphide 
is added to the acid iu a leaden pan containing a layer of coke, which serves as a filter, 
and covered with a perforated lid, through which the excess of hydrogen sulphide can 

W^’Thom (Dingl. pel J. eexvii. 495) observes that in many sulphuric acid works, 
the removal of the arsenic is effected by sodium thiosulphate. Chamber-acid of 
60° B is heated to 70°-80°, and a quantity of thiosulphate equivalent to the arsenic 
present is added either in concentrated solution or in the form of powder. After the 
mixture has been sufficiently stirred, the arsenic separates on tho surface in flocks of 
arsenious sulphide. The purified acid is withdrawn from under the flocks ; the leaden 
vessel is acrain charged with chamher-acid, and after several repetitions of tho opera- 
tion the Scsenious sulphide is coUected. The crude sulphuric acid contained 0-098 
per cent, arsenic, the purified acid 0*004 per cent., together with 0*3 to 0*4 per cent. 

sodium sulphate. ... 

With regard to this process, E. Wagner remarks {ihd. ccxviii. 321) that if the 
contamination of the acid with sodium sulphate is not objectionable, sulphide of sodium 
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is preferal>le to the thiosulphate ; if, on the other hand, such contamination must he 
avoided, he recommends barium thiosulphate as 'the purifying agent, the reaction 
taking place as follows : 

SBaS^O^* + As^O^ - As^S^ + 3BaSO*. 

19*8 pts. arsenious oxide require 85*5 pts. BaS^O^+H^O. 

With regard to the distribution of the arsenic occurring in pyrites in sulphuric 
acid and the products of the soda-manufactiue prepared therewith, 0. Hj elt shows 
{Dhigh ccxvi. 174) that the amount of arsenic in pyrites is very Yariable, Spanish 
pyrites containing 0*12 per cent., Westphalian 0*3, and Norwegian only traces of 
arsenic. He found also that in a sulphuric acid made from Spanish pyrites the average 
amount of arsenic, reckoned on pure hydrogen sulphate, H^SO^, was : 



Arsenic 

Present as 
arsenic acid 


p. c. 

p. c. 

In chamber-acid ..... 

. 0*202 

0*040 

In acid j&om the Glover tower . 

. 0*331 

0*041 

In acid from the Gay-Lussac tower . 

. 0*344 

0*132 


He also directs attention to the fact that the loss of nitric acid in sulphuric acid 
works is due, at least in part, to the arsenic in the acid — that is to say in the pyrites — 
inasmuch as, in the G-ay-Lussac tower, ;part of the nitrous acid is reduced by the 
arsenic in the sulphuric acid to nitrogen dioxide. In accordance with this view, it is 
found that the larger the proportion of arsenic in the pyrites used, the greater is the 
loss of nitric acid. In well-conducted alkali-works, the arsenic of the sulphuric acid 
never goes into the sodium sulphate, but is all found in the hydrochloric acid produced 
at the same time, none of it, however, passing into the hleaehing-powder. ‘ In the 
burnt residues of Spanish pyrites, Hjelt found only 0*19 per cent, arsenic. 

A description of the apparatus used at the Freiberg works for purifying sulphuric 
acid from arsenic is given by F. Bode {Dingl. ccxiii. 26). 

Concentration. — Apparatus for the Concentration of Sulphuric acid is described 
by F. Bode (JDmgl. cxi. 26,* ccxiii. 204 ; ccxvi. 326; Jdhresh. /. Chem, 1874, 1107 ; 
1875, 1053). 

Estimation. — The following method for the quantitative analysis of a mixture 
of sulphates of allcalis and alkaline earths (magnesia and lime) is described by lean 
a, Pellet {Bull. Soc. Chim. [2], xxvii. 203). To determine the sulphuric acid in 
combination with the alkalis, the mixture of salts, dissolved, if necessary, with addition 
of hydrochloric acid, and carefully neutralised, is mixed with excess of barium hydrate, 
then with water containing carbonic acid, heated till the carbonic acid is expelled, and 
the weighed filtrate is titrated with sulphuric acid. The ccdcium sulphate is precipi- 
tated by alcohol from a measured volume of the solution, decomposed by boiling with 
a titrated solution of sodium carbonate, and the excess of the latter is determined by 
back titration. Magnesium siclphate is also decomposed by sodium carbonate and 
estimated in like manner by titration. To determine the total amount of sulphuric 
acid, free and combined, the sulphates are boiled with solution of sodium carbonate, 
and the liquid is filtered, neutralised with standard sulphuric acid, and treated with 
baryta as above. This method may be applied to the estimation of sulphates in 
pyrites. 

To determine the amount of free sulphuric acid in vinegar, J. C. Thresh {Bharm. 
J. Trans. [3], vi. 1) adds a known quantity of barium chloride, evaporates and in- 
cinerates the whole, and calculates the free sulphuric acid from the loss of hydrochloric 
acid thence ensuing. 

According to A. Hilger {Arch. Bharm. [3], vi. 510), the detection of free sulphuric 
acid in vinegar is best effected by means of sugar, which, if sulphuric acid is present, 
is blackened when the liquid is evaporated to dryness. 

On the Methods of Estimating Sulphuric acid in Water, see Tiemann (fier. vi. 918 ; 
Jahresh.f. Chem. 1873, 903). 

Eydrates. — According to Pierre a. Piichot {Ann. Ghim. Bhys. [5], ii. 164), the 
‘ dihydrate,’ S0®.2H20 or SO'^H^.H'^O, melts and solidifies at 7 *5°, but afterwards 
exhibits superfusion. 3 pts. of the crystallised hydrate and 8 pts. of .snow produced 
a fall of temperature to — 26*25°, whereas with an equal quantity of liquid acid, the 
temperature fell only to ~ 19*5°. On cooling a sulphuric acid intermediate between 
SO®.H®0 and SO®.2H^O (63° B.), part of it crystallised, and the liquid decanted there- 
from exhibited a higher concentration. A more dilute acid did not crystallise at 
— 8° to “10°, even when small crystals of the dihydrate were thrown into it. 
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Mbtai/LIC Suiphat^js. The action of dry hydrogen chloride on these salts 
has been examined by 0. Hensgen {Ber, ix. 1671, 1674 ; x. 259). Potassium sulphate 
is not attacked by the dry gas either at ordinary or at lower temjieratures ; at 100° 
the crystals become corroded at certain points ; at 360°, the water into which the gas 
passes is found to contain a weighable quantity of sulphuric acid ; and at a dull red 
heat, the salt is conwerted almost quantitatively into potassium chloride and free 
sulphuric acid. Anhydrous sodium sulphate is likewise completely decomposed by 
hydrogen chloride at high temperatures ; crystallised Grlauber’s salt, Na2SO'‘+ 10H“O, 
on the other hand, is completely converted at ordinary temperatures, and even at 
— 17°, though less quickly, into sodium chloride. The G-lauber’s salt iirst melts in its 
water of crystallisation, with considerable reduction of temperature (—17°), but the 
temperature quickly rises, and remains during the decomposition at 53°~55°, and the 
resulting sodium chloride separates in the form of a fine-grained powder. Anhydrous 
lithium sulphate^ Li2SO^ behaves like the anhydrous sulphates 6f the other alkali- 
metals ; the hydrate, Li^SO'* -h decomposes completely, even at ordinary tempera- 
tures, melting in its water pf crystallisation, and taking up hydrogen chloride with 
considerable evolution of heat. The sulphates of calcium, strontium, and harhm are 
likewise completely decomposed by FCl at a dull-red heat, as formerly shown by 
Boussingault. Magnesium sulphate, MgSOS is not attacked by dry hydrogen chloride at 
any temperature below commencing redness, but with the hydrated salt, MgSO'^ + 7H'0, 
the action begins at ordinary temperatures. The crystals melt to a clear liquid, which 
after a while deposits a crystalline powder, soon in such quantity that the whole 
solidifies to a stiff crystalline pulp. The composition of these crystals (disregarding 
a small amount of chlorine) is most nearly expressed by the formula MgSO‘^ + 

The absorption of hydrogen chloride (12-52 p. c.) by the salt l[gS0'‘ + 7H20 was 
probably due to the water of crystallisation, and not to decomposition of tho salt into 
magnesium chloride and sulphuric acid. P ehy dr at ed cuprio sulphate, CuSO*, is strongly 
attacked by dry hydrogen chloride, of which it takes up 2 mol., at the same time 
becoming hot, acquiring a dark brown colour, losing its pulverulent consistence, and 
caking together to a damp mass which gives up all its hydrogen chloride when exposed 
to the air or when heated. Hydrated cupric sulphate, CuSO^SH^O, is completely 
decomposed by dry hydrogen chloride, according to the equation CuS0^ + 2H01 = 
CuOl^ + the chloride separating in green needles having the composition 

Cii012,2H50. ^ 

Ethylsulphates are not decomposed by dry hydrogen chloride at ordinary 
temperatures. ^ The potassium salt remains quite unaltered ; the barium salt absorbs 
the gas, with rise of temperature, the gas abstracting the water of crystallisation and 
dissolving therein. Between 65° and 85°, however, both those salts are decomposed, 
with evolution of ethyl chloride and formation of potassium disxxlphato in the one case, 
and of barium sulphate and sulphxxric acid in the other (H. Kohler, Ber, xi. 1929). 

^ Conversion of Sulphates into Carbonates, - Alkaline sulphates may ho converted 
into^ carbonates by dissolving them in carbonic acid water, and mixing them with 
1,} time their weight of barium carbonate rubbed to a thick paste with a little water, 
agitating the mixture strongly for some time, and finally heating it to tho boiling* 
point : the filtered liquid will then be found to contain nothing but carbonates. tS 
convert aii alkaline sulphate mto the corresponding tartrate, oxalate, &c., it is licatod 
in a porcelain basin with barium carbonate and water, and the requisite quantity of 
tartaric or oxalic acid is gradually added (L. Smith, A 7 ner. Chem, 1873 iii 241) 


Alumznzicm sulphate.— The presence of free snlphuric acid in this salt may 
be quickly detected by stirring up the pulverised salt in alcohol. The salt is insoluble 
m this liquid, hut free siilphuric acid dissolves in it, and may be recognised by its 
aeid reaction, or estimated by titration. Pore aluminium sulphate gives vpith decoction 
of logwood a blue-violet coloration, but the presence of free sulphuric acid gives rise 
to a brown colour. ^ 


Ammomum sulphafe.-The normal salt, (NH0=SO^ is formed in the combus- 
tion of coal-gas, and collets as a sublimate of short anhydrous prisms on the shades 
placed over the burners (Pnwoznik, Bingl. ccxiii. 223). 

_ Several acid salts are formed by the action of heat on the normal salt (■NH’'lHSO‘ 
IS produced when the normal salt is heated till the thick pasty mass ceases to give off 
ammonia. is formed when tho preceding salt is more stronX heated 

the heat being coatmuod till the intumescence has subsided. By keeping tL tom! 
perature somewhat lower, a third salt is obtained, havingthe composition (NHn WSOn» 
(P. Schweitzer, A}?ier. Chem. vii. 42). These acid ammonium sulphates have aIsa Penn 
examined by S. W. Johnson and R. H. Chittenden .(&'& 111) whoso 

analyses agree with those of Schweitzer so fax as regards the amounts'of sul^S 
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acid, but diflfer considerably therefrom in the proportions of ammonia and water. They 
also, show that Schweitzer’s bisnlphate still retained a portion of the normal sulphate, 
and hence conclude that it was a mixture of 1 mol. ammonium pyrosulphate, 

1 mol. normal sulphate, (ISrH^)2SOS and 3 mols. bisnlphate, (ISrH^)HSO*. In like 
manner, they show that the so-called trisulphate, may be regarded 

as a mixture of 1 mol. pyrosulphate and 2 mol. bisnlphate. 

Barium Bul^hate^ BaSO^ may be obtained in crystals, partly grouped, by 
heating a dilute solution of the chloride with a slight excess of sulphuric acid at 215° 
(Scheerer a. Drechsel, Qhem, [2], vii. 63. When a solution of barium sulphate 

(14 pts.) in 100 pts. strong sulphuric acid (sp. gr. 1*843) was heated at 100°, a con- 
siderable number of needle-shaped crystals separated out. At 160°-180° these crystals 
disappeared, and prismatic crystals began to separate, their quantity becoming greater 
the nearer the temperature of the liquid approached to the boiling point of the acid. 
At the latter temperature, 10 pts. of the acid still held in solution from 8*5-9 pts. of 
barium sulphate. On the other hand, the needles which separated at 100° were in- 
soluble in the cold acid (T. Graside, Chem, News, xxxi. 245). 

According to G. Briigelmann {Zdtschr, anal. Chem. x. 22), the process recommended 
by Fresenius (vii. 1128) for purifying the barium sulphate obtained in quantitative 
analyses does not always answer its purpose. Good results are, however, obtained 
when the ignited sulphate is triturated with 3 or 4 drops of strong hydrochloric acid 
and a few drops of water, then boiled with water and filtered, the process being 
repeated five times in the same manner. 

Calcium Bidphate. — According to BoWa.ad {Cazz. chim. ital. 1874, 177, 245), 
gypsum, CaSO** -f 26=^0, is formed in a mixture of calcium 'carbonate and sulphur 
moistened with water, and the action is assisted by the organic matters in vegetable 
soil In the hottest days of summer, 20-25 grams of material is sufficient to yield a 
small quantity of gypsum in three hours. According to Perugnatelli a. Pelloggio {JBer 
vii. 1462), sodium thiosulphate is formed at the same time. The carbonates of barium, 
strontium, and magnesium are converted into sulphates under like conditions, the 
action being slowest in the case of the magnesium salt. Pollacci attributes the trans- 
formation to a direct oxidation of sulphur ; -h 30^ + 2H-0 — 2SO‘^H2. In those cases 
in which calcium carbonate is said to be converted into gypsum under the influence of 
hydrogen sulphide, this compound does not appear to be directly oxidised, but to be 
decomposed by the oxygen of the air, with separation of sulphur, which then undergoes 
oxidation. 

According to Cossa {Gazz. 1873, 135), 1000 pts. water dissolve 2*119 pts. gypsum 
at 16*5°, and 2*352 pts. at 22°. A saturated solution of gypsum acts on rocks con- 
taining alkaline silicates (gneiss, trachite, granite, felspar, basalt) much more readily 
than pure water, taking up in a given time a much larger quantity of soluble con- 
stituents. According to Asselin (Compt. rend, Ixxvi. 884), 100 pts. of glycerol dissolve 
0*957 pt. of gypsum at ordinary temperatures, and a continually larger quantity as 
the temperature rises. 

Bottble Salts of Calcium Sulphate, — The following are described by E. 
Fassbender {Ber. ix. i358; xi. 1968). The salt CaSO^K^SO'^jH^O, first observed by 
Phillips, H. Eose, and others, and obtained by Struve Soc. Chim, [2],xii. 348) on 

treating gypsum with a solution of potassium nitrate, chloride, or iodide, is also readily 
formed by dissolving potassium sulphate in a saturated solution of gypsum, the 
separation of the salt in slender sillty needles beginning almost immediately, and going 
on for several months. The same double salt is obtained by treating solid gypsum 
with solution of potassium sulphate, and by dissolving potassium sulphate in a solution 
of potassium nitrate or chloride saturated with gypsum, a portion of the potassium 
nitrate or chloride, however, adhering to the product with great obstinacy (Fassbender) ; 
also, according to Pitte {Compt. rend. Ixxxiv. 86), on adding sulphuric acid to a 
mixture of the two component sulphates, and boiling the liquid. The calcium sulphate 
then collects at the bottom in the form of a white powder, but in the course of twenty- 
four hours the whole solidifies to well-defined transparent flattened prismatic crystals 
of the double salt. These crystals lose their lustre and become anhydrous when 
heated, and are completely decomposed by water. When, on the other hand, calcium 
sulphate, either anliydrous or hydrated, is added to a saturated solution of potassium 
sulphate, the double salt, Ca^K^(SO'‘)® -f separates almost instantly in spangles 
or small needles having a nacreous lustre. This salt is decomposed by cold water, 
which gradually abstracts all the potassium sulphate. 

A Calcium-ammonium Sulphate^ Ca(NH‘‘)®(S0^)®,2H20, which, according to Popp 
{lAehig's Annal&ii, 8 Suppl. 1), is obtained on evaporating the water of the Tuscan 
lagunes, may also be produced artificially by dissolving 285 grams of ammonium 
sulphate in 800 c.c. water, saturating the solution with gypsum, evaporating to 600- 
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1874 SULPHUR: OXYGEN- ACIDS. 

500 c.e., and filtering at 40-50. This degree of concentration appears to be essential, 
inasmuch as the salt is resolved into its constituents by water (Eassbender). Ditte 
prepares this salt, like the corresponding potassium salt, by adding sulphuric acid to 
a mixture of the sulphates of calcium and ammonium, and boiling the liquid. It 
crystallises in needles which have a very strong lustre, and are instantly decomposed 
by water. The sulphates of sodium and lithium do not appear to unite under similar 
circumstances with calcium sulphate. 

A Caldiim-fotassium-ammonium Sulphate, CaS0^(KNH^)S0SH20, is obtained by 
adding potassium sulphate to a solution of ammonium sulphate saturated with gypsum ; 
by digesting calcium-potassium sulphate with solution of ammonium sulphate ; or by 
digesting gypsum with solutions of potassium and ammonium sulphates. Analogous 
sodium salts do not appear to exist ; moreover, the above-mentioned double salts are 
decomposed by saturated solutions of sodium sulphate or other sodium salts, with 
separation of gypsum. 

If, in a saUne solution saturated with calcium sulphate, the solubility of that salt 
be diminished by the introduction of another salt, the calcium sulphate will be pre- 
cipitated as gypsum or as anhydrite, according as the solution is at ordinary tempera- 
ture or at the boiling heat. This reaction is best shown by adding magnesium 
sulphate to a solution saturated with common salt and gypsum (Eassbender). 

Calcium-rubidium Sulphate, Ca^Rb^CSO^)® + 3H-0, prepared like the_ corresponding 
potassium salt, crystallises in stellate groups of translucent needles, which are decom- 
posed by water (Ditte). 

A number of remarkable double salts of calcium sulphate have been found by 
J. B. Hannay amongst the crystalline precipitates deposited in tubes through which 
have been successively passed solutions of K“SO^ Na^SO'*, CaSO '*, MgSO'* and K^CrO'S 
the last in excess. The greater number of the layers thus formed consisted of 
CaK2(S0'^)^,H20, but there were also found two double salts of potassium chromate, 
consisting respectively of CaK®(SO^)(CrO‘‘),H®0 and CaK''(SO'‘)(CrO'*)'‘'. These two 
salts, scarcely distinguishable from one another in external appearance, form flat 
prisms of undeterminable form, but having a brilliant aspect like that of lead iodide ; 
they are resolved by water into potassium chromate and pure calcium sulphate. 
Associated with the latter of these two salts was found a mass having a darken colour 
and no determinate crystalline structure, but appearing under the microscope to be made 
up of small felted needles, and having the composition CaSO^Na'-^SO ^K^OrO'*. In 
another tube through which large quantities of the salt CaNa2(SO^)2 had passed, a de- 
posit was formed resembling the salt above described, but differing from it by contain- 
ing water of crystallisation: its composition was CaSO^Na^SObK^CrO'^-l-H^O, Ilan- 
nay also describes a compound of calcium sulphate with hydrogen chloride. "When a 
solution of calcium' sulphate in hydrochloric acid is evaporated in a flask having its 
neck drawn out, and the residual gas is displaced by air without cooling the flask, a 
residue is left the composition of which agrees best with the formula 2CaSO‘‘,HCl 
+ 3H“0, which is that of the normal salt 2CaS0‘ + iWO, having IH^O replaced by 
IHCI (jChem. Soo. J. xxxii. 399). 

Cerium Sulphates. See Ceeium (p. 421). 

Chromic Sulphate, Cr^(SO'^)®. — Etard {Compt. rend. Ixxxiv. 1089) prepares this 
salt by passing ether-vapour into a solution of lOOpts. chromic acid, 160 sulphuric 
acid, and 225 water, whereby, after some time, a dense crystalline mass is formed, 
which, after washing with ether and dj^ing, consists of small lamellse, having a beau- 
tiful violet colour, permanent in the air, and having, when air- dried, the composition 
Cr2(SOy - hISH^O. Schrotter, on the other hand, obtained the salt with 1511^0 (v. 
588). When dried at 100® it gives ofiE* 123^0, and is converted into a crystallised 
deliquescent salt belonging to the green modification. Hence it appears that the 
difference between the green and violet modifications of chromic salts is due to the 
different amounts of water which they contain, and that the passage from the violet to 
the green modification on heating must be attributed to an abstraction of water, which 
may take place even within the solution, and thereby depends upon a true dissocia- 
tion. In confirmation of this view, Etard has treated the violet sulphate with dehy- 
drating agents, such as strong nitric acid, sulphuric acid, and phosphorus trichloride, 
and finds that a conversion of the violet into the green modification takes place in every 
instance. He remarks that the complete conversion of a chromic salt into the green 
modification can be ascertained only by observation with artificial light, inasmuch as 
many chromic solutions appear green in sunlight, although they still contain consider- 
able quantities of violet salt (Etard). 

According to Lecoq de Boisbaudran {Compt, rend. Ixxix. 1491), blue solutions of 
chrome-alum prepared in the cold gradually assume a green colour, and the green 
solutions prepared at higher temperatures gradually turn blue, these changes taking 
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place either in open or in closed yessels, in dilute or in strong solutions, and indepen- 
dently of contact with crystals. The first change is attended with dehydration of 
the blue salt and gradual increase of the volume of the solution ; the second with 
hydration and gradual diminution of volume. The rate of conversion of the green into 
the blue salt diminishes rapidly with the time elapsed after cooling, an increase of 
volume being still perceptible after a month, and the state of equilibrium does no^ 
appear to be attained tiU after the lapse of eight years. 

The double salt, Cr2(KSO'‘)®, is obtained in yellowish-green felted needles by adding 
small quantities of chromic chloride to melting potassium bisulphate ; and the corre- 
sponding sodium salt is obtained in like manner, though less easily, as a crystalline 
sandy powder (Etard). 

On Double Sulphates of Chromium, see also p. 458. 

Copper Sulphates, — A hydrate, having the composition CuSO^SH-O, is ob 
tained as an amorphous powder when the ordinaiy pentahydrate is heated at 25°-Z0° 
in dry air. It is especially characterised by remaining quite unaltered in a vacuum, 
whereas the pentahydrate left in a vacuum at the same temperature gives off 4 mol. 
water (Magnier de la Source, Compt. rend. Ixxxiii. 899). Another hydrate, formed in 
the preparation of the copper salt of benzenesulphonic acid, crystallises in large, thin, 
blue laminse, containing a small quantity of the benzenesulphonate (Ozier, Ber. ix. 83). 

On the Dissociation of Cupric Sulphate, see p. 1013 ; on its reaction with HOI, see 

p. 1872. 

Bidymium Sulphate^ Di2(S0^)®,9H"0. See Didvmixjm (pp. 425, 644). 

Iron Sulphates. — Ferrous and Ferric Sulphates are formed, together with free 
sulphuric acid and hydrogen sulphide, when iron pyrites is heated with water at 120° 
in a sealed tube (C. A. Burghardt, Ghem. News, xxxvii. 49). 

Bouhle' Sulphates of Iron and Allied Metals (Etard, Cowpt. rend. Ixxxvi. 
1399 ; Ixxxvii. 602). 1. Ferrico-aluminio salts, — When 2 mols. ferrous sulphate and 

1 mol. aluminium chloride are dissolved in the smallest possible quantity of hot water, 
the ferrous salt oxidised with nitric acid, a large excess of strong sulphuric acid added, 
and the liquid heated to about 220°, a crystalline precipitate separates composed of 
microscopic hexagonal plates, which when freed by decantation from excess of sulphuric 
acid, washed with glacial acetic acid, and dried at 120°, exhibit the composition 
Fe'(SO^)®,A12(SO‘‘)^,H^SO’*. This salt, when heated to redness, ^ves off sidphuric 
acid, and leaves a white crystalline salt, insoluble in water, and having the composition 
Fe2(SO^)^AD(SO0«. 

2. Ferrico-chromic Salts. — The salt Fe^(SO^)^,Cr2(SO^)3,H2SO'* is obtained in like 
manner, with molecular proportions of ferrous sulphate and chromic acid, as a yellowish 
crystalline precipitate insoluble in water. When strongly heated, it likewise gives off 
sulphuric acid, leaving the insoluble and very stable salt, Fe^(SO^)^,Or“(SO^)^. 

Alumino-chromic Sulphate, APCr2(S0'‘)®,H2S0^ is obtained in a similar manner, as 
a light-green crystalline precipitate, which when heated gives off H^SO^, leaving 
APCr"(SO^)^ 

Manganico-aluminic Sulphate, Mn2(SO*)*,2Al"(SO‘‘)®, is formed when a mixture of 
manganous sulphate and aluminium sulphate is treated as above, and a mixture of 
sulphuric and nitric acids in equal volumes is added by small portions to the liquid 
previously heated to 250°. At this temperature the manganous sulphate is raised to 
a higher state of oxidation, nitrous fumes are evolved, the originally colourless solution 
turns violet, and the double salt separates as a fine blue precipitate insoluble in water. 

Manga7iese~iron Sulphates. — The salt Fe2(SO'‘)^,2MnSO‘‘,3H"SO* is prepared in a 
similar manner, using ferrous sulphate instead of aluminium sulphate, and separates 
at about 160°, as a light-yellow woll-crystallised salt, which is soluble in water, and 
when heated gives off 2H“SO^ and is converted into Fe“(SO‘‘)^2MnSO‘‘,H“SO^ which 
has a darker yellow colour and is insoluble in cold water. In these two salts the 
manganese is not raised to a higher stage of oxidation, but if the oxidising mixture of 
nitric and sulphuric acid be poured into the strongly heated solution without previously 
separating the yellow precipitate, the salt Fe-(SO‘’)^,Mn2(SO^)®, gradually separates in 
the form of a deep green crystalline precipitate insoluble in water. 

Manganese-chromium Sulphates. — If in the process last described the iron salt be 
replaced by chromic acid, the salt Mn2(SO^)^,Cr'^(SO'‘)® is obtained in the form of a 
green preciptate, and if the solution, after being heated with sulphuric acid, be left to 
cool before a precipitate is deposited from it, brown tabular crystals are obtained, 
consisting of the salt Mn2(SO'‘)®,Or2(SOT,2H2SO'‘, which dissolves with decomposition 
in water, and when heated in the air is reduced to a green powder, Cr-(SO^)^3MnSO'S 
and a white basic salt. 

A rose-coloured sulphate, Fe®(SO'*)®,F6SOh2H”SOS is sometimes 

6 E 2 
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foucu at the bottom of the plathmin vessels ■used for the eoncentration of sulphuric 
acid, and may be easily prepared by dissolving ferrous and ferric sulpbates (1 mol. of 
r each) in the smallest possible quantity of water, adding a large excess of strong sul- 
pburic acid, and beating the liquid to 200®, avoiding as mucb^ as possible the coi^act 
of air or other oxidising agents. The liquid on cooling deposits the double sulphate 
in small six-sided plates having a peach-blossom colour. In a similar manner the 
following salts may be obtained : 

Cr-(SO0*,NiSO^2SO4H2+3H2O ; . greenish-yellow. 

Cr2(SO0®,2FeSOSSO'‘H2 + 2H2O . . brownish-green. 

Or'(SO^)^2CuSO^SO^H2 .... greenish, asbestos-like needles, 

having a silky lustre. 

Pe2(S0*)3,NiS0^2S0^H2 .... yellow, crystalline. 

Fe2(SO^)»,2M:nSOS3SO*H2 . . . light-yellow, well-crystallised la- 

minse. 

A12(SO^)^2FeSOSSO'‘H2 .... white six-sided laminse. 

A12(SO^)®,2NiSOSSO-*H* .... yellowish, crystalline mass. 

Ail these salts are insoluble in water, and are gradually decomposed thereby* 
Corresponding manganese salts may also be obtained, but they are dif&eult to purify. 

Double sulphates of diatomic metals (magnesium group) of the general formula 
may be prepared by similar processes: the following have 

been obtained : 

(NiSO^ZnSO^l^SO^H^ .... yellowish. 

(FeS0‘,ZnS0‘‘)“S0^H2 .... rose-coloured, 

{CuS0^ZnS0*)^S04H2 .... 

(CuSO^CoSO^),SO^H2 .... 

(FeSO‘,CoSO^)2SO^H2 .... 

(CuS0^NiS0^)2S04H2 .... 

The sulphates of iron and copper yield in like manner a red crystalline double salt, 
OuSO^FeSO^-^ 2H'0, which does not give up its water of crystallisation till somewhat 
strongly heated, and is not oxidised even by fuming nitric acid. In the same manner 
have been obtained the salts OuSO‘‘,MnSO^ + H’-^O and CuSO‘,NiSO‘‘ + 3H''^0. By 
similar treatment of the simple salts instead of the mixtures, the mono- and di-hydrated 
salts are easily obtained in crystalline form, e.g. OoSO‘‘ -h H“0, hriS0^ + 2H®0, 
ZnSO'^ + H^O, CuS0'‘-fH=^0. By dissolving the simple salts in strong sulphuric acid 
and boiling the solutions, the anhydrous salts are obtained in crystalline form, 
CoSOS in hexagonal prisms with pyramidal summits at each end, and having the 
aspect and reddish colour of some kinds of quartz ; also NiSO^ in lemon-yellow crystals 
of similar aspect, and CuSO^ in fine white prisms (Etard). 

LeadL — On the crystalline form of Hungarian lead sulphate, 

see Krenner {Zdtschr, Kryst. i. 321 ; Jahresh.f, Chem. 1877, 1295). 

Solubility. — '3, Kolb {Bingl. ‘pol. J. ccix. 268) has determined the solubility of this 
salt in sulphuric acid of different strengths and at ordinary temperatures, with the 
following results : 

100 pts. acid of sp. gr. I’SAl dissolve 0*039 pt. PbSO^ 

„ » „ 1*793 „ 0-011 

» » „ 1*540 „ 0*003 

The solubility is increased by the presence of nitric acid, but not by that of sul- 
phurous acid. 

In Acetates. According to H. C. Dibbits {Zeitschr. anal. Chem. 1874, 137), 100 pts. 
of water containing a drop of acetic acid, and 

2*05 pts. sodium acetate dissolve 0'054 pt. PbSO* 

8-2 „ „ „ 0*900 

41*0 „ „ „ 11*200 

The quantity of lead sulphate dissolved appears to be but little influenced by temper- 
ature.^ The solution is immediately precipitated by sulphuric acid and by lead acetate. 
On mixing the solution with 7 vols. alcohol of 92 per cent, a precipitiite is formed con- 
sisting of anhydrous sodium sulphate and lead sulphate, in one instance 89*4 per cent. 
Naess'* and 10-6 PbSO^ in another 96-0 Na^SO^ and 4*0 PbSOb Lead sulphate also 
dissolves in the acetates of manganese, zinc, nickel, and copper, but not in acetate of 
mercu^ or silver. Barium acetate and lead sulphate decompose one another partially 
at ortoary temperatures, producing lead acetate and barium sulphate ; the converse 
reaction does not take place. 

Lead sulphate, treated with excess of ^potassium iodide^ is readily con- 
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verted into lead iodide, or the double iodide of lead and potassium. When lead sul- 
phate (1 mol.) and sodmm chloride (1 mol.) in solution are brought together in presence 
of lead oxide, about half of the material is converted into lead chloride and sodium 
sulphate. The quantity of lead oxide may be varied to a considerable extent without 
perceptible effect on the intensity of the reaction. After several repetitions of the 
treatment with sodium chloride, at each of which a similar action taies place, there 
finally remains a mixture containing, together with a small quantity of unaltered lead 
sulphate, a double salt of lead chloride and carbonate easily decomposed by water 
(F. Matthey, Arch. Fharm. [3], xiii. 233). 

Lithium Sulphate . — ^An acid lithium sulphate, LiHSO^H-SO^ is obtained in 
deliquescent crystals melting at 120°, by dissolving the normal salt in pure hydrogen 
sulphate, (Nordhausen acid from which the anhydride had been distilled o£Q 

(Lescceur, Bull. Soc. Chim. [2], xxiv. 516).- 

Mag7iesium Sulphate . — On the dehydration of magnesium sulphate, 
MgS0^7H*0, by heating in a current of air, see Hannay (p. 1014). On its decompo- 
sition by dry hydrogen chloride, Hensgen (p. 1872). 

To detect the presence of alkali ^sulphates in commercial magnesium sulphate, 
E. Biltz (Zeitschr. anal. Chem. x. 258) triturates 2 grams of the salt with 2 g. dry 
calcium hydrate prepared from burnt marble ; then adds water in sufficient quantity to 
convert the mixture into a granular powder ; drenches the mass with 5 g. of a mixture 
of equal parts alcohol of 90 degrees and water ; and, after agitation, leaves it at rest 
for an hour, and lastly adds 10 g. absolute alcohol. If alkali salts are present (from 
^ per cent, upwards), turmeric paper in contact with the mixture immediately turns 
brown. 

Ma^iganese Sulphates. See Manganese (p. 1266). On Double Manganese 
Sulphates, p. 1876. 

Mercuric Sulphate. — The compound HgSO'^,2HCl, or more probably 
HgCFjH^SO^ is formed by the action of gaseous hydrogen chloride or of strong 
hydrochloric acid on mercuric sulphate. It is fusible, and sublimes in white needles. 
The corresponding hromme-compoimd^ formed in like manner, sub limes in white shin- 
ing laminae. Both these compounds dissolve in water without decomposition (A. Ditto, 
Compt. rend. Ixxxvii. 794). 

NicJcel Sulphates, Louhle (p. 1876). 

Bhil ipp Uim Sulphate. See Yttjrixjm Metals. 

Potassium Sulphates . — In preparing the normal sulphate from kieser- 

ite, 2MgS0‘*,H‘“^0, and potassium chloride, G-. Bcrsche proposes first to prepare the 
double sulphate of magnesium and potassium, and then convert this salt by means of 
potassium chloride into potassium sulphate and magnesium-potassium chloride. The 
reaction is somewhat retarded by the presence of the magnesium chloride, but this 
inconvenience may be avoided by treating a mixture of 5 to 8 mols. potassium chloride 
and 4 mols. magnesium sulphate with successive small quantities of cold or moderately 
warm water, not sufficient in all to dissolve the salt completely. The residue then 
consists of pure potassium sulphate. The greater part of the magnesium chloride 
remains in the first mother-liquors, and the later mother-liquors, which contain less 
magnesium, may be used to decompose fresh quantities of kieserite, whereby the yield 
of potassium sulphate is increased, and chloride of potassium is saved. For evapora- 
tion there is always obtained a determinate quantity of mother-liquor of constant com- 
position, which deposits carnallite, KCl,MgCP,6H^O, available for the preparation of 
potassium chloride. 

F. Branjes has patented a process for preparing potassium sulphate from kainite 
and from kieserite, KCbMgSO'^jSH^O, which consists in dissolving 1*5 to 2 mols. 
potassium chloride and 1 mol. kieserite or kainite (in the latter case with addition of 
1 mol. .KOI) in 460-600 pts. water, and precipitating with alcohol. The whole of 
the magnesium then remains dissolved as chloride, and any potassium chloride that 
may remain in excess is partially precipitated with the sulphate. On evaporating the 
mother-liquor to 30° B., an additional quantity of pure potassium chloride separates 
out, followed, on further concentration to 36° B., by carnallite. An excess of potassium 
chloride is necessary in this process, sd'that the precipitated sulphate maybe rendered 
loosely coherent by the admixture with the chloride, and the washing thereby facilitated 
{Jahresh.f. Chem. 1878, 1127). 

J. Ogier {Compt. reoid. Ixxxii. 1055), in preparing the potassium salt of benzene- 
sulphonic acid, has obtained a new form of normal potassium sulphate, differing from 
the ordinary form by containing a smaller amount of crystallisation-water. It crys- 
tallises in large transparent plates, having the composition X2SO'‘,^H^O, and gives off 
its watey in a vacuum or whe 4 heated to 160°. 100 pts. of water at 15° dissolve 
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9*82 pts. of this salt. The same salt is o'btained by crystallisation of a mixture of 
potassium sulphate and benzenesulphonate containing an excess of the latter. 

An add potasdiim sulphate, K‘^0,4SO^+eWO, ot perhaps K^H^CSO^y + SE^o, is 
obtained by dissolving the normal salt in hot strong^ sulphuric acid* and separates 
on cooling in large nacreous deliquescent crystals which melt at 61®, and give off 
water at 235° (H. Lescceur, Compt, rend, Ixxviii. 1044). 

On the solubility of this salt in glass, see Ebell 
{Bingl. pol. J. ccxxv. 168 ; Jahresh.f, Chem, 1877, 1165). 

On the analysis of crude sodium sulphate {Ball-soda\ see Tate, Tinniswood, and 
Simmonds {Chem, News, xxix. 144, 164, 185, 205, 216, 239). 

Sodio-ferrous Sulphate, Na2Fe(SO0^ ^H^O, may be prepared by dissolving crys 
tallised ferrous sulphate, in its own weight of hot water, with addition of 2 per cent, 
dilute sulphuric acid, and addinganequivalent quantity of crystallised sodium sulphate 
(100 pts. to 88-8 ferrous sulphate), then heating the solution to the boiling point, and 
evaporating it with gentle ebullition and constant stirring. The double salt which 
separates out is drained, washed with a little cold water, and dried, first in the air of 
a warm room, and finally at 100°, at which temperature it does not give off its water 
of crystallisation (Biltz, Zeitsohr, anal, Chem, 1874, 174). 

Strontium Sulphate, SrSO^ dissolves in strong sulphuric acid (sp. gr. 1*843) at 
70® in the proportion of 14 pts. to 100, the solution at a higher temperature depositing 
tabular rhombic cj^stals, which at a still higher temperature are replaced by cubic 
and octohedral crystals (Garside, Chem. News, xxxi. 245). 

On Sulphates of Terbium and Ytterbium, see Yttrium Metals. 

On Vanadium Sulphates, see Vanadium. 

Zinc Sulphate, ZqBO ^, — Commercial zinc-vitriol may easily be purified from 
iron or manganese by adding to the boiling concentrated aqueous solution, first a small 
quantity of levigated zinc-white, and then a solution of zinc permanganate, till a 
reddish colour begins to appear /. Chem. 1876,1103). Zinc sulphate is 

completely reduced by hydrogen-potassium sulphide to white sulphide of zinc (J. 
Myers, Ber. 1873, 440). 

On Double Salts of Zinc Sulphate, see p. 1876. 

Sulphuric Ethers (Maria Mazurowska, Ber. viii. 332; J. pr. Chm. [2l xih. 

OC“E* 

158). Normal Ethyl Sulphate, obtained by the action of 

sulphuric hydroxychloride on ethyl alcohol : 

2(C2H5.0H) -f SO^CLOH = S02(0C2H5)2 + HCl + 

It is a faintly yellowish, inodorous, perfectly neutral liquid, soluble in alcohol, nearly 
insoluble in ether, converted by water into ethylsulphuric acid. Treated with potash 
it yields a potassium salt, S02(OC^H®)(OK), which is converted by potassium hydro- 
sulphide into potassium sulphate and mercaptan : 

so2(oc2Hs)(oe:) h- xsh - so^k^ + 

The constitution 80^(0 O^H®)^ has hitherto been assigned to the ether which 'Wetherill 
obtained in 1847 by the action of sulphuric anhydride on anhydrous ethyl alcohol 
(v. 624). Mazurowska, however, finds that the potassium salt of this ether does not 
yield mercaptan when treated with potassium hydrosulphide. She represents the 
n^E^O TT OE ^ 

ether by the formula potassium salt by 

the formula CmXOH).S02.0K. 

The normal ethers of methyl, propyl, butyl, and amyl are prepared in like manner 
by the action of sulphuric hydroxychloride on the corresponding alcohols. The phenyl- 
ether, similarly prepared, is a thick oily liquid, which is decomposed by 

water yielding parapheuolsulphonic acid, C®HXOH)(S03H). By heating nitrophenol 
with sulphuric hydroxychloride, decomposing the product with water, and saturating 
with barium carbonate, a barium salt is obtained having the composition 
(C“H»EO2SO0Ba -f 2H20. 

Thymyl Sulphate, S02(0C^®Hi®)2 has not been obtained pure, but by decomposing the 
product of the action of sulphuric hydroxychloride on thymol with water, and saturSing 
with baryta-water, a barium salt is obtained having the composition (C'®H^®SO‘‘)'<Ba. 

Fyrosulpliurlc or DlsiUphuric Acid, S20’E2= 2S04H2~H20. On the form- 
ation and reactions of this acid, see vii. 1149. 

TWosulplittricAcid,H2SW«S02(OH)(SH)orHO.SO.O.SH. This acid has 
been found in the urine of a typhus patient (A. Strumpell, Zeitschr. anal. Chem, 
xvi. 134). 
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Estimation. — An indirect method of analysing a mixture of sulphites and thio- 
sulphates is described by J. Grossmann {Ckem. News, xxxvii. 221:). Denoting by x 
the quantity of iodine equivalent to the thiosulphate, by y the quantity equivalent to 
the sulphite, by A the total quantity of iodine used, and by B the quantity of sulphuric 
acid yielded by the whole after complete oxidation, then 


21 


3Na«SO 


B - JA; y == ~ 


21 


SNa^SO^' 


B 


from which the quantities of thiosulphate x and sulphite y may be calculated by means 
of known coeffi-cients. 

According to Polacci (^Ber. x. 174), thiosulphates may be separated from 
by gently heating the mixture with acid potassium tartrate, the carbonate alone being 
thereby decomposed. 

Certain double thiosulphates, e.ff, the lead-potassium, silver-potassium, and mercury- 
sodium salts, are resolved when boiled with water into sulphides and trithionates. 
thus : 2AgKS20® ~ Ag^S -i- The reaction, however, soon reaches a limit, and 

to ensure its continuation, the metallic sulphide must be separated by filtration and 
the boiling renewed fW. Spring, JBer. vii. 1157). 

Ammonium thiosulphate, (NH^)-S^O®, is formed: 1. By combining sulphuric 
anhydride with ammonia and treating the resulting ammonium sulphonate with 
hydrogen sulphide : SO®.2NH® + H^S — (NB[‘‘)2S20^. — 2. Together with small quantities 
of ammonium polysulphide and ammonium trithionate, when normal ammonium 
sulphate is heated with phosphorus pentasulphide, the thiosulphate and polysulphide 
subliming while the trithionate remains behind. The formation of the trithionate is 
probably due to a decomposition of the ammonium thiosulphate, analogous to that of 
the double thiosulphates above mentioned: 2(NH'‘)2S-0' « (NH‘*)-S -h (NH‘*)^S''*0® 
(Spring). 

Sodium thiosulphate, Na^S-0®. — ^According to A. v. Trentinaglia ATcad, 

Ber, 1875, [2 Abth.], Ixxii. 669), this salt melts at 48*09®; and its specific heat is, 
for the solid state, 0*4447 ; for the liquid state, 0*569 ; latent heat of fusion 37*6 for 
1 gram at 9*86®. According to T. A. Edison {Amer. Chem^ vii. 127), it dissolves in 
considerable quantity in oil of turpentine, from which it almost completely removes 
the odour. 

The specific gravities of the thiosulphates of barium, strontium., and calcium have 
been determined by T. L. Eichardson {^Sill. Am. J. [3], xiv. 281) with the following 
results : 

BaSW,H20 precipitated {3*4486 at 18® 

SrS^O^dH^O, in good crystals .... 2*1566 and 2*1991 at 17° 
CaS“0s.6H“0, in fine crystals ... . { 


Bismihth thiosulphate, Bi2(S"0®)*. — The double thiosulphates of bismuth and 
the alkali-metals, formed by mixing a slightly acid solution of a bismuth salt with 
sodium thiosulphate, are distinguished by their perfect solubility in water. The solu- 
tions, however, when left to themselves, change in course of time, and more quickly as 
they are more concentrated, sulphates being formed, together with a precipitate of 
bismuth sulphide. The sodium-bismuth salt dissolves also in all proportions in alcohol, 
whereas sodium thiosulphate is nearly insoluble in that liquid. When an alcoholic 
solution of potassium chloride is added to an alcoholic solution of this double 
salt, a copious light yellow precipitate is formed, having the composition 
Bi“(S^0*)®,3K“S“0®,2H20. As -no similar precipitate is formed by the chlorides of 
sodium, lithium, ammonium, calcium, magnesium, aluminium, manganese, iron, &c., or 
indeed by any metallic chlorides except those of barium, strontium, and the metals 
which are precipitated by hydrogen sulphide, this reaction is remarkably well adapted 
for the analytical separation of potassium from other metals. Eurther, it takes place 
in solutions of the nitrates as well as in those of the chlorides, but not at all, or less 
completely, when sulphates are present (A. Carnot, Compt rend. Ixxxiii. 338). 

Compound of Sodio-ciiprous Thiosulphate with Cupyric Sulphide. — The yellow salt, 
to which Lenz a. Siewert assigned the formula Na“S^0^Cu**^S-0®,CuS-^-4H^0 (Poy^. 
Ann. Ivi. 528), is found by Kessel {Ber. x. 1677, 2000; xi. 1581) to vary in composi- 
tion according to temperature. When prepared at + 10®, it has a composition agree- 
ing very nearly with Siewert’s formula (atomic ratio Na ; Cu : S = 2 : 3 : 5), but when 
it is prepared at — 10°, the ratio is nearly Na : Cu ; S — 4 : 1 : 4. It maybe obtained 
with the composition given by Siewert, except as regards the amount of water, by 
taking car^ to keef the temperature down to 0® by throwing in snow during the 
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separation of the salt. The proportion in which the sodium thiosulphate and cupric 
sulphate act on one another to produce this salt are not those given by Siewert, viz. 
6Na-S^O^ : SOuSO'S but 2Na2S20® : CuSO**. That the formation of this double salt is 
preceded by that of another containing a larger proportion of sodium thiosulphate is 
inferred by Kessel from the sudden yellow coloration which takes place after the addition 
of a certain quantity of cupric sulphate, also from the fact that the colourless mixture 
gives no precipitate with soda-ley, but that after the addition of a quantity of cupric 
sulphate suffcient to produce the yellow coloration, soda-ley immediately produces a 
precipitate of cuprous oxide. Kessel has also determined the quantity of free sulphuric 
acid produced in the reaction, by estimating the quantity of sulphur separated from 
the sodium thiosulphate by the action of this free acid, and finds that 1 mol. * is 
formed to every 2 mols. CuSO^ agreeing exactly with the first phase of the reaction : 

2Na2S203 + 2CuSO^ = + SO^ + 0. 


The yellow salt is decomposed by cold strong hydrochloric acid, forming a white 
mass which contains neither sulphur nor copper chloride, is permanent when dry, 
but in contact with water or moist air, turns first blue and afterwards brown, with 
separation of copper sulphide and evolution of sulphur dioxide. It dissolves in 
ammonia, forming a colourless solution which slowly turns blue in contact with the 
air, and gives with alkalis a precipitate of cuprous oxide. By dilute mineral acids the 
white salt is partly dissolved, partly decomposed, with separation of copper sulphide. 
After deduction of admixed sodium chloride, the white salt exhibits the atomic ratio 
Na ; Cu : S = 3 : l : 3, so that in its formation from the yellow salt, not only copper, 
but also sulphur, must have been eliminated. 

When &ewert’s yellow salt is^ boiled with water, it is converted into copper 
sulphide, sulphurous acid, and sodium sulphate, a little free sulphuric acid being 
probably also formed at the same time. The same decomposition is also unaccountably 
produced in the double salt separated at lower temperatures, which undoubtedly con- 
tains more than 1 mol. Na^S^Qs to 1 mol. Cu^S^Os. The white salt is also decomposed 
by boiling in the same manner. The supposition of Ren esse (^Maandblad voor nakmr- 
wetenschap, 3 Jahrgang, 1872-1873), that a mixture of copper and sulphur is thereby 
produced is inadmissible. The precipitate contains free sulphur only when the copper 
solution has been boiled with a large excess of sodium thiosulphate, and in this case 
the sulphur results from the decomposition of the sodium thiosulphate duo to the 
action of the free sulphuric acid formed in the process. 

^ ^ When the yellow salt dried over sulphuric acid is drenched with hydrochloric acid, 
It IS not converted mtq the white salt, but dissolves in the acid with dark brown 
colour, tms difiPerence of behaviour of the dried and undried salts being probably duo 
to tie different amounts of water which they contain. Alcohol precipitates from the 
brown solution a chocolate-coloured powder, which is resolved by heat into copper 
sulphide, sulphur dioxide, sulphur, and sodium sulphate, and dissolves without decom- 
dilute hydrochloric acid, but when boiled with the latter, gives 
off sulphur dioxide and yields a precipitate of copper sulphide. Its dilute aqueous 
solution IS not precipimted by ammoninm sulphide or by soda-ley, bnt the concentrated 
solution gives with sodium hydrate a precipitate of cuprous oxide and copper sulphide. 
Zinc immersed in the hydrochloric acid solution eliminates hydrogen sulphide. Am- 
monia does not act ion it in the cold, hut throws down copper sulphide at the 
boiling heat, the liquid at the same time turning blue. The compositioB of the choco- 
late-coloured salt IS 0u2NaXS=0s)=i,20uS. r «« u. uuo i-uuco 

Chloro^ni^reocobft thios^dphate, (CoM0Nff)Ol»,2S>iO», prepared by pouring a 
lAewipm solution of the corresponding nitrate into sodium thiosulphiTte, foL.s 

with sharply defined faces (Jorgensen, 

Tnmethylmlphme ihMphOe, [(Cff)“S]W’. See Sulphines (p. 1850). 

acid, 0’’H»SW=S0*(SC2H=)(0H) (H. Eunte Ber vii 
646). The sodium salt of this acid is formed by heating 1 mol. ethyl bromide for a 
few hours in a reflux apparatus with 1 mol. sodium thiosulphate. On evaporating to 
dr^ess at a gent e heat, and exha^ting the saline mass with a little hoilinralcohoT 
a solnbon is obtained which solidifies on cooling to a pulp of thin, silkv six-sMed 
aminae, having, when reeiystallised from alcohol, the composition C®ffS*0’Na The 

Tter bXT? decomposed by heaUng on a boiling 

A T"®"***? hydrochloric acid, decompLtion X”n 

S&inVe UqU ;““'^^‘“ perceptible, and snlphurie acid may' be 

S02(SC2H‘)(0Na) + H^O = C“I[=SH + S02(0H)(0Na). 
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The dry sodium salt, when heated for some time at 100°, is converted into di thionate, 
and on distilling it in a sulphuric acid bath, sulphur dioxide is given off, and a dis- 
tillate of ethyl disulphide is obtained: 

2S02{SC2H")(0Na) S^OW + S2(C2Hs)2 
and 

= SOW + SO\ 

The solution of the sodium salt yields sparingly soluble precipitates with silver 
nitrate, lead nitrate, and mercuric chloride. The precipitate formed with the last- 
mentioned reagent is quickly converted on heating into the - compound C^H^S.Hg.Ol, 
while sulphuric acid remains in solution : 

(02H"S)SO«(ONa) + HgOl^ + - C^H^S.Hg.Cl + HOI + HSO^Ha. 

The sodium salt is readily oxidised by nitric acid, yielding sulphuric and ethylsul- 
phonie acids. 

Sulpliiirlc Peroxide, Persulpkurio acid (Berthelot, Ann, Chim. Phys, [5], 

xiv. 345, 354 ; Oompt, rend. Ixxxvi. 20, 71). This oxide is formed by the action of an 
electric current of high tension on a mixture of equal volumes of dry sulphurous oxide 
and oxygen ; strong sulphuric acid, under similar circumstances, does not unite either 
with oxygen or with ozone. The same oxide is obtained in the electrolysis of strong 
solutions of sulphuric acid, a circumstance which has given rise to its being confounded 
sometimes with hydrogen dioxide, sometimes with the imaginary substance called 
antozone. It is also formed when a solution of hydrogen dioxide is cautiously mixed 
with sulphuric acid containing not more than 1 mol. H^O (not weaker than H^SO^), 
probably also in various other processes in which strong sulphuric acid is mixed with 
alkaline or metallic peroxides. Lastly, it may be produced directly from sulphuric 
oxide and oxygen ; but in this case, as well as in its formation from sulphurous oxide, 
a large excess of oxygen is required to furnish good results. 

Sulphuric peroxide, when pure, forms broad transparent flexible needles often 
a centimeter long, and bearing a strong resemblance to sulphuric oxide ; frequently, 
however, it is obtained in liquid drops which solidify to indistinctly crystallised 
nodules. It has a considerable vapour-tension, exceeding at 10° several centimeters. 
At temperatures near the freezing point, it may be kept iinaltered for several days, 
but after a while it decomposes. In aqueous solution this decomposition takes place 
very quickly ; the solution in strong sulphuric acid is more permanent, but even in 
this a gradual evolution of oxygen takes place. When heated it decomposes immedi- 
ately into sulphuric oxide and oxygen. In contact with the air it gives off white 
vapours, and gradually deliquesces to hydrogen sulphate. With baryta-water it partly 
decomposes, with evolution of oxygen and separation of barium sulphate, while another 
portion forms soluble barium persulphate, which, however, is quickly resolved into 
oxygen and barium persulphate, so that it cannot be obtained pure. The peroxide is 
converted by sulphurous acid into sulphuric acid, but its solution in a large quantity 
of strong sulphuric acid, yields, after treatment with sulphurous acid, a considerable 
quantity of dithionic acid. 

Polytbionic Acids. M.iQ)iB>elis(Liebiy’s Amialen, clxx, 31) represents these 
acids by the following constitutional formulae, based on those of sulphurous acid, 
SO(OH)^ and thiosulphuric acid, S(OH).O.S(OH), or— which he regards as more 
probable — SO(OH).O.SH : 


Sulphurous acid 
Dithionic acid 

Trithionic acid 


. SO(OH)(OH) 
S0(0H).0\ 

• S0(0H),0/ 



Thiosulphuric acid 
Tetrathionic acid . 

Pentathionic acid 


. SO(OH).O.SH 
SO(OH).O.S\ 

* SO(OH).O.S/ 
SO(OH).O.S\ 

• SO(OH).O.S/S 


Spring {Ber. vi. 1108) finds that the action of SOP on potassium sulphite gives rise to 
trithionate and chloride of potassium, whence be assigns to trithionic acid the formula 
HD.O.SO.S.SO.O.OH; 

SO.OK.OK) <^012 — . QTTpi JL Ql 

SO.OK.OEJ + KO.O.SO>® 

When S"CP is added by small portions to barium thiosulphate made up into a paste 
with a small quantity of water, sulphur separates in the first instance; and if the mass 
be immediately thrown on a filter, the liquid which runs through allowed to drop into 
sulphuric acid, and the free sulphuric acid removed by the exact quantity of barium 
hydrate required to combine with it, a clear liquid is obtained, exhibiting all the 
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reactions of pentathionic acid: hence Spring assigns to this acid the formula 
HO.O.SO.S.S.S.SO.OH. 

Bitliionlc Add, Several salts of this acid have heen examined by H. 

Baker {Chmi. xxxvi. 203). The sodimn saZzf, Na''^S“0®+ has a density 
of 2*175 at 11°, and forms rhombic crystals having the axial ratio a ih i c ^ 
0*9922 : 1 : 0*5981, and the faces oo P, P oo, P, co P co ; prismatic from pre- 
dominance of ooP. The diver salt, Ag^S^O® + 2H20, forms rhombic crystals iso- 
morphous with those of the sodium salt, ai b : o- 0*9884 1 : 0*5811. Observed 
faces P 00 , P, 00 P, P4, oo P co, oo P oo ; habit short prismatic. The silver-sodium, salt, 
(AgIS'a)S®0® + 2H20, IS rhombic, mth the axial ratio 0*9813 : 1 : 0*5856, and the faces 
poo, P, oof oo, 00 P, 00 Poo. The dome is so strongly developed that the crystals 
appear horizontally prismatic (Baker). The harkmi salt, BaS-0® + 2H'-^0, has a density 
of 4*536 at 13*5°. Its saturated solution boils at 102°, and 1 pt. of the salt dissolves 
in 0 994 pts. water at this temperature ; according to an older statement by Heeren 
{Ann. JPhys. Chem, vii. 172), 1 pt. of the salt dissolves in 1*1 pt. of boiling water. 
The calcium salt, CaS20® + 4H20, has a density of 2*176 at 11°. From the corrosion- 
figures of these two salts, Baumhauer {Zeitschr. Kryst. i. 54) infers that they crystal- 
lise in rhombohedral-hemihedral forms, and not in tetartohedral forms, as might be 
supposed from their optical rotatory power. The magnesium salt, MgS^O® + 6H-0, 
crystallises in oblique prisms dissolving in 0*692 pt. water at 17°. The nickel salt, 
NiS20® + 6H20, dissolves in 0*897 pt. water at 12°. 

Hyjpovanadic ditlmnate is prepared by precipitating a solution of the barium salt 
with the requisite quantity of hypovanadic sulphate, and evaporating the blue filtratu 
in a vacuum. It then separates in crystals, which, however, always retain a small 
quantity of the sulphate (E. I. Bevan, Qliem, News, xxxviii. 294). 

Chloropurpureocohalt ditlmnate, (Oo^l0NH®)CP,S‘‘O'“, obtained by pouring a 
lukewarm solution of the corresponding nitrate into sodium dithionato, crystallises in 
shining rectangular prisms (Jorgensen, J. pr. Chem. [2], xviii. 209). 

Aniline ditMonate,{O^W'^y‘'B?^'^0^, is obtained in fine long needles by decomposing 
aniline sulphate with barium dithionate. It is a moderately stable compound, di.s- 
solving without decomposition in water and in alcohol. 100 pts. water at 16° dissolve 
7*89 pts. of this salt (Bevan). 

Trtthionic Acid, H^S^O®. On the formation of the ammonium salt of this acid 
by heating ammonium sulphate -with phosphorus peiitasulphidc, see p. 1879. It is 
also formed when sulphur sulphodichloride, S'-^CP, is added by drops to a solution of 
normal potassium sulphite. The potassium salt, K'*^S®0'', prepared by the action of 
sulphurous acid on a saturated solution of potassium thiosulphate, crystallises in 
orthorhombic needles, a ; 5 : c = 0*3586 : 1 : 0*4204. Observed faces oo P, co f 2, 
oof GO, cofoojfoo. An attempt to prepare the sodium salt by a similar process 
yielded nothing hut crystals of the thiosulphate (Baker, loo. cii.) When a concentrated 
solution of potassium trithionate and sulphite is heated with solution of cupric 
sulphate, the liquid becomes colourless, and on cooling deposits a double salt, 
Cu2S®0®,K=^S®0® + H20, in white needles having a silky lustre (Spring, Ber, vi. 1108). 
Thallium trithionate, TPS®0®, separates, on evaporating a solution of thallium carbonate 
in trithionic acid, in colourless needle-shaped crystals isomorphous with the potassium 
salt. It decomposes slowly at ordinary temperatures, quickly when heated, and is 
therefore difficult to obtain free from sulphate. 

Tetratliionic Acid, H2S‘‘0®. According to Spring [Bull. Belg. [2], xlv. No. 5, 
May, 1878), the production of this acid from sulphurous oxide and hydrogen 
sulphide is due to the formation of thiosulphuric acid by the action of sulphurous 
acid upon sulphur, and its subsequent oxidation by the excess of sulphurous oxi lo 
present, as represented by the equations : 

(1) . S02 + H20 + S = S20®H2 

(2) . S02 + 2S20®H2 = SO^H^ 4- S'‘0«H2 

The correctness of these equations is shown by the fact that tetrathionic acid may l)o 
obtained by the action of sulphurous acid on flowers of sulphur, and that the hypo- 
sulphurous acid, which should be formed according to the second equation, may be 
actually detected by its strong reducing action on solution of indigo. 

Bentatbionic Acid, H^S^O®. The existence of this acid, which, according to 
Wackenroder, is produced by passing hydrogen sulphide in excess into a saturated 
aqueous solution of sulphurous acid (v. 642), has been called in question by M, W. 
Spring {Bull, Acad, Belg. [2), No. 5, Mai, 1878), who states, as the result of his owii 
experiments, that the acid solution thus produced contains, not pentathionic acid, but 



SYENITE. 


1883 


a mixture of tetrathionic and liyposnlpliurous acids ; that it is not decomposed by 
alkaline hydrates (as stated by Wackenroder, who cites this decomposition, with pre- 
cipitation of sulphur, as a test for distinguishing pentathionic from tetrathionic acid), 
but that, on addition of the alkali, a tetrathionate is formed, without precipitation of 
sulphur. Stingl a. Morawski, on the other hand {J. pr. Ohm. [2], xx. 76), find, both 
by qualitative and quantitative experiments, that Wackenroder’s solution contains an 
acid richer in sulphur than tetrathionic acid ; and the same conclusion results from 
the recent experiments of Takamatsu a. Watson Smith {Ckem. Soo, J. xxxvii. 592), 
who also point out that the acid contained in Wackenroder’s solution is clearly dis- 
tinguished from tetrathionic and all the other polythionic acids by the fact that it is 
decomposed, with separation of sulphur, by alkaline and earthy hydrates, by alkaline 
carbonates, and gradually even by earthy carbonates, its salts being indeed very 
unstable, though the acid itself is stable. The sulphur thus precipitated is redissolved 
by the alkali on boiling, and even on standing for some time at ordinary temperatures. 
The action of alkalis on pentathionic acid in aqueous solution may be represented by 
the equation : 

2H2S®Os + lONaOH = 3S + SNa-SO® + 2'Nsl^S^O^ + 7 H^O 

Pentathionic Sulphite. Thiosulphate, 

acid. 

In an ether-alcoholic solution a different reaction takes place, resulting in the forma- 
tion of tetrathionic acid : 

In this case, also, sulphur is separated, but in smaller quantity, and it is immediately 
taken up by the alcohol : hence the mistake made by Spring, who treated a mixture 
of Wackenroder’s solution with alcohol and ether, and then added a solution of caustic 
soda, and finding that no sulphm* was precipitated, and that the solution contained 
tetrathionic acid, concluded that the latter acid was the immediate product of 
Wackenroder’s reaction ; whereas it now appears from the experiments of Takamatsu 
a. Smith that the addition of the alkali does really give rise to a separation of sulphur, 
but that the sulphur is immediately dissolved by the ether-alcohol. When a small 
quantity of the Wackenroder solution was treated in a test-tube with strong alcohol, 
then with ether, and a few drops of caustic soda-solution were added to the resulting 
clear liquid, an immediate turbidity was produced in the upper alkaline layer, which 
was formed for an instant, evidently in consequence of separation of sulphur, but as 
this alkaline layer sank through the liquid and mixed with the subnatant ether- 
alcoholic solution, the precipitate quickly disappeared. On adding more caustic soda, 
a further precipitate was formed, but this also quickly disappeared on agitation. 

Tetrathionic and pentathionic acids may be prepared synthetically by acting upon 
lead thiosulphate with a solution of iodine in hydriodic acid, a moderately strong 
solution giving rise to tetrathionic, and a solution as strong as can be obtained pro- 
ducing pentathionic acid. The formation of the latter is represented by the equation : 

SPbS^Qs -i- 2HI -h 2P = H2S“0» + 3PbP + SO®. 

Beactions of the Bolythionic acids. — The following table (p. 1884) exhibits a 
comparative view of the reactions of these acids with various tests. 

SirPEBPHOSPHATBS. See Phosphates (p. 1596). 

STEZJXTIS. This rock from Biella has been analysed by A. Cossa {Jahrh. /. 
Min. 1876, 874) with the following result: 

810“ P“0“ TiO“ A1“0» Pe“0» PeO CaO MgO K“0 Na“6 

59*37 0*58 0*26 17*92 6*77 2*02 4*16 1*83 6*68 1*24 = 100*83 

Also 0*38 loss by ignition, water, and CO“. 

From these analytical data, and from the specific gravity of the rock (2*710), com- 
pared with that of orthoclase crystals (2*573), and that of hornblende crystals (3*157), 
Cossa calculates 76*5 per cent, orthoclase, and 23*5 per cent, hornblende, as consti- 
tuents of the rock. Kenngott, however {Jahrhich, 1877, 169), objects to this con- 
clusion, 

Syenite granites.— From Kavenswood in Queensland, in which pkgioclase, 
quartz, mica, and hornblende were perceptible (Daintree, Oeol. Soc. Qu. J. xxviii. 
271). — 2 and 8. Syenite-granites from Minnesota, including porphyritic mixtures of 
quartz, orthoclase, oligoelaae, and small quantities of hornblende, biotite, apatite, and 
magnetic or titanic iron ore. The hornblendes appear to enclose an augitic nucleus. 
3. From Sauk Papids, medium to coarse-grained ; 3. From Watab, porphyritic 
(Streng a. Kloos, Jahrb.f. Min. 1877, 225). 
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SiO» APO» Fe»0* FeO MgO CaO K^O Na*0 H’O 

(1) . 60-07 2M8 — 5-53 2*07 4*83 2*12 2*23 1-96 = 99-99 

(2) . 67*70 16-11 2-47 2*29 1*11 2*89 4*47 3*64 0*83 =101-51. 

(3) . 70*05 15*04 1*70 1*09 0-82 1*97 5*09 4-77 0*81 =101-24 

On Syenite-forpJiyries from South Norway, see Liebisch (Jahrb.f, Min, 1878, 
412 ; Chem. Soc. J, xxxvi. 362). 

S7SPOOSITB. See Jetpooeitb (p. 1142). 

SYXtVAXrXTB. See Tellurium Minerals. 


SYXiV£STRB!MrB, A terpene occurring, together "with australene, in 

Swedish wood-tar from JPinus sylvestris. It is a colourless liquid, boiling between 
173° and 175°, haying a specific ^avity of 0*8612 at 16°, and a rotation-coefficient of 
-H 19*5° for sodium light. The dihydrochloride, obtained by passing hydrogen-chloride 
into an ethereal solution of sylvestrene, crystallises in broad, flat, shining needles, or 
in bar-shaped crystals melting at 72°-73° ; it is somewhat strongly attached by water 
at 1 00°, and completely decomposed by alcoholic potash with formation of potassium 
chloride. The last reaction also yields an oil which has an odour of pelargonium, 
and is likewise produced by treating the dihydrochloride with aniline ; it appears to 
be a terpinol-like substance, 4C^®H'®-l-H20, and is reconverted by hydrogen chloride 
into the dihydrochloride (Atterberg, Ber, x. 1202). 

SYXkVUr. Fibrous sylvin from Kalusz has been found by Niedzwiedzki (Min, 
Mitth, 1877, 95) to contain 60 to 80 per cent. KCl, together with NaCl. Nodules of 
anhydrite 3 to 4 cm. in diameter were imbedded in it. 

SYlMCPXiOCOS. Lotur-bark, from Symjylocos racemosa, a tree indigenous in 
India, contains three alkaloids, loturine, colloturine, and loturidine. Loturine may be 
easily obtained in crystals from its solution in acetone, ether, or alcohol, and is 
characterised by the intense blue-violet fluorescence of its solutions in dilute acids. 
Colloturine crystallises in long shining prisms, terminated at both ends by pyramids, 
and sublimes at 234°. Its solutions in dilute acids likewise exhibit a blue- violet 
fluorescence. Loturidine is amorphous ; its solutions in dilute acids exhibit a blue- 
violet fluorescence, which becomes especially conspicuous when the solution is strongly 
diluted. 


SYZfAM'TRRSSrx:. A constituent of crude anthracene, probably having the 
formula It forms a dibromo-derivative, 0*^H®Br®, which crystallises in light 

yellow microscopic needles, sublimes undecomposed, melts at 175°, is more soluble 
than dibromanthracene in benzene and tar-oils, moderately soluble in hot alcohol. By 
boiling with alcoholic potash it is gradually converted into a viscid resin, which is 
precipitable by water, but does not yield any crystalline constituent (Zeidler, Wien. 
Akad, Ber. [2 Abth.], Ixxvi. 231). 

SYN'Axa'THROSXS. On the occurrence of this kind of sugar in rye, see p. 1768. 

SZABOXTB. A mineral occurring, together with tridymite and pseudobrookite, 
in clefts and cavities of the andesite of the Aranyer Berg in Transylvania. Crystal 
triclinic, exhibiting the faces ; 2/f',oo ; OP. Colour hair-brown to hyacinth-red. 
Analysis gave 52*35 per cent. SiO^ 44*70 Fe*0^ and 3-12 CaO, with 0*4 loss on 
ignition, leading to the formula Pe-2Ca®Si®®0’®®= llPe^SPO^-f- 2CaSiO® (A. Koch, 
Jahrh.f. Min. 1878, 652; Zeitschr. Kryst, hi. 307). 

SZMXRXTB. A reddish-white to rose-red mineral, occurring in stalactitic 
nodules in an abandoned mine at Pelsobanya, and agreeing, according to the analyses 
of Schrauf (A.) and Dietrich (B.), with the formula MnSO^-hH^O (C.) Sp. gr. = 3*15. 


SO® MnO 

(A). 47*43 41*78 

(B.) 47*11 41*61 

(0.) 47*34 42*01 

(J. V. Schrockinger, Jahrh.f, Min. 1877, 729). 


H®0 

10*92 = 100-13 
11-19 = 99*91 

10*65 = 100 
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TACAMABACIsr. A crystallised body contained in the yellow resin of the 
Tacamahae or Balsam poplar. It is insoluble in ether, aqueous alcohol, ammonia, 
and potash, slightly soluble in hot absolute alcohol, not altered by nitric acid, but 
dissolved with violet coloration by sulphuric acid (Batka, Arch. Vliojrm, [3], vi. 111). 

TACBYXiTTE. The following analyses of this mineral from the basalt of the 
Eossberg are given by T. Petersen /. Min. 1873, 385). A. Presh; sp. gr. 
2*524. B. Decomposed. 



SiO= 

TiO» 

A1»0* 

Fe’0%FeO 

MgO 

CaO 

Na»0 

K“0 

H“0 


A. 

66*42 

0*31 

13*07 

3*66 

1*30 

1*19 

6*09 

7‘S6 

0*73 == 

100*13 

B. 

62* 

43 

17*12 

1*82 

0*68 

0*30 

6*19 

7‘95 

2*81 = 

99*30 


TAGETXSS. The flowers of the common marigold {Tagetes patula), and other 
species of the same genus, contain a crystallisable substance, quercetagetin, having 
the composition + 4H20 (p. 1732). 

TAXiC. Pseudomorphs of talc after pcctolite, occurring in the calcite-veins of 
the ‘ Trapp ’ of Bergen Hill, Hoboken, New Jersey, have been described and analysed 
by A. B. Leeds {Sill. Am. J. [3], vi. 23). 

SiO* Al’O’ MgO FeO MnO CaO H»0 Sp. gr. 

60*54 1*06 26*46 0*70 0*55 1*19 9*52 = 100*02? « 

60*57 0*98 26*67 0*74 0*76 1*65 9*07 « 100*44> 

TAX3rirX!Krs« Ordinary tannin., or the tannin of mit-^gallSi 
appears, from the experiments'of H. SchifF, to be most probably a glucosido of digallic 
acid, (p. 646) ; see also Liebig's Annalen, cLsxv. 165. P. Freda {Gazz. chim. 

itaX. 1878, 9) has endeavoured to settle tbe question as to whether this tannin is a 
glucoside, by means^of fermentation experiments. For this purpose ho used ; 1. A 
solution of commercial tannic acid mixed with a few drops of acetic acid ; 2. A solu- 
tion neutralised with po^sh, and then slightly acidulated with acetic acid; 

3. Solutions prepared in like manner, and mixed with various quantities of glucose ; 

4. A solution of tannic acid which had been boiled for some time with sulphuric 
acid, then neutralised with marble, filtered, evaporated to dryness, and redissolved in 
water. These solutions were treated with fresh beer-yeast, and left to ferment under 
the usual conditions. In 1 and 2 no fermentation took place ; in 3 and 4 brisk fer- 
mentation. Parallel experiments with amygdalin and salicin yielded the same result. 
From these^ results Freda infers that gallotannic acid is really a glucoside, and not 
merely a mixture of tannic acid and glucose, since such a mixture would have fer- 
mented in contact with the yeast as the added glucose did. Schiff ( 1878, 87) 
does not regard Freda’s experiments as conclusive, but nevertheless adheres to his 
opnion that the unaltered tannin of nut-galls is a very easily decomposible glucoside 
of digallic acid. 

ArtifiGial Formation (?) — ^When citric acid is gently heated with phosphorus oxy- 
chlonde, a violent action takes place, and the residue left after the excess of the oxv- 
chlonde has been partly distilled off, yields to ether a coloured floceulent substance 
which, after repeated solution in water and precipitation with hydrochloric acid (the 
colouring matter going down with it), gives by analysis 53*5 per cent. 0 and 2*9 H 
[the formula requires 51*8 C. and 3*6 H], and after drying dissolves slowly 

and abundantly in water, yielding a solution which exhibits all the reactions of tannic 
acid,_ except that it acts less strongly on iodide of starch (Schiff, Liebig's Aoinalm 
clxxii, 359). * 

Estirmtion.—^o estimate the amount of tannin in any giTen tannins material 
(galls, snmaoh. &o.), J. Lowenthal anal. QUm. xyi. 33 ; “S. 

745) first titrates a measured volume of the extract with permanganate solution 
using indigo as an indicator, so as to ascertain its permanganate value ■ then precini- 
tates the tannin from another equal portion of the extract by means of a solution of 
gelatin saturated with common salt; and titrates the filtrate in the same manner ■ 
the^fferenee of the two titrations determines the quantity of tannin in the solution " 

method, see Estcourt (CAm. 
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On an older method proposed by Ldwenthal, see J, Chem, Ixzxi. 150 ; JaJiresh. 
f. Chem. 1860, 680. Observations thereon, by J. M. Merrick (Amer. Ch&m. 1873, iii. 
324; iv. 15, 202: Jahreshf, Chem. 1873, 971). 

Prad’homme {Bull. JSoc* Chim. [2], xxi. 169) estimates tannin by oxidation with 
bleaching-powder, using aniline-green as indicator. The bleaching liquid is first 
standardised against the colouring matter, and afterwards against successive portions 
of a standard tannin solution, to which small quantities (say 10 c.c.) of the aniline 
colour have been added. On deducting the volume of chloride of lime corresponding 
with the known quantity of colouring matter, the remainder indicates the quantity of 
tannic acid present. Solutions of gallic and pyrogallie acids may be examined in a 
similar manner. To apply the method to the valuation of commercial tannins, a 
known weight of ^ure tannin is added to a known volume of methyl-green, and the 
solution made up to a certain volume ; the precipitated lake is filtered off; and the 
residuary colouring matter estimated by the chloride of lime solution. A similar 
treatment applied to the same weight of the commercial tannin will show the ratio of 
quality existing between the two tannins. 

E. Schmidt {Bull. Bog. Chim. [2], xxi. 256) estimates tannin volumetrically by a 
modification of a method proposed by Pribram {ihid. vii. 496 ; Jahresb.f. Chem. 1866, 
821), which depends on the precipitation of the tannin by lead acetate. 50 grams of 
neutral lead acetate are dissolved in 400 g. alcohol, and the solution is made up to a 
litre with distilled water. A second solution is prepared by dissolving 1 g. tannin in 
40 g. alcohol, and diluted with water to 100 c.e. ; 10 c.c. of the tannin solution is then 
mixed with 20 c.c. water ; the whole is heated to 60® ; and the lead-liquor is poured 
into the hot solution as long as a precipitate is formed, a solution of potassium iodide 
being used to indicate excess of lead. To prepare the solution of the tanning material 
under examination, a weighed quantity of the’ coarsely pulverised bark is exhausted 
with water at 50°-60‘^ ; the filtrate is evaporated to dryness ; the residual extract is 
dissolved in 40 g. alcohol of 92 per cent. ; and the solution is diluted with water to 
100 c.c. This treatment effects the separation of resinous and gummy constituents, 
the tannic acid then remaining contaminated only with soluble organic salts and 
extractive matters. As, however, some of these foreign matters are, under certain cir- 
cumstances, likewise precipitated by lead acetate, Schmidt endeavours to estimate 
them approximately by treating equal quantities of the impure tannin solution, and a 
solution of pure tannin containing a somewhat smaller amount of tannic acid, under 
exactly similar conditions and in similar vessels, with animal charcoal, which absorbs 
part of the tannic acid, but not the foreign substances. Assuming, then, that equal 
quantities of tannic acid are absorbed in the two cases, the excess of lead acetate 
solution used to precipitate the impure tannin over that required for an equal quantity 
of the pure tannin solution will give approximately the amount of the foreign con- 
stituents. 

Gerland {Zeitschr, anal. Chem. ii. 419) estimates tannin volumetrically by means 
of a solution of tartar-emetiG containing 2*611 g. of the dried salt in a htre. This 
solution (1 c.c. of which corresponds to 0*005 g. tannic acid) produces in neutral or 
slightly acid solutions of tannic acid a precipitate of antimonious tannate, which 
quickly settles down on addition of sal-ammoniac. A slight modification of this 
method is proposed by Eiehards a. Palmer {SiU. Am. J. [3], xvi. 196, 861), which 
consists in titrating the tannin solution containing at least 0*1 -0*3 g. tannic acid, with 
solution of tartar-emetic containing 6*73 g. of the dried salt 0*H'*KSbO’ in the litre, 
the end of the reaction being indicated by ammonium sulphide, after the tannate has 
been separated by addition of ammonium acetate. 

A. Gautier {Zeitschr. anal. Chem. xvii. 222) estimates tannic acid in wim by 
agitating 100-200 c.c. of the wine with 1-2 g. recently precipitated cupric carbonate, 
then adding an equal volume of alcohol, and leaving the mixture at rest for twelve to 
twenty hours. The tannic acid then separates in the form of an insoluble copper- 
compound, whilst the colouring matter of the wine {cenotannin) remains in solution, 
probably also in combination with copper. 

For the estimation of tannin in the must of the grajpe and in wine^ Pavesi a. Rotondi 
{Gazz. chim. ital. 1874, 192) adopt a modification of a method originally proposed by 
Fleck, which consists in precipitating the tannin with a solution of cupric acetate. A 
neutral solution of this salt, however, also precipitates gallic acid, but an ammoniacal 
solution of cupric acetate precipitates only the tannin, and has no action on any of 
the other constituents of the wine. The amount of tannin can be ascertained by 
estimating either the copper remaining in solution, or that contained in the precipitate. 
The process is simple and gives accurate results. 

Carpene {ibid, 1875, 120) separates the tannin from the other constituents of wine 
by means of an ammoniacal solution of zinc acetate' containing a large excess of 
ammonia, which forms with tannin a tannate of zinc quite insoluble in water, in 
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ammonia, and in an excess of the reagent itself, and no precipitate with alcohol, malic 
acid, tartaric acid, potassium bitartrate, calcium tartrate, glycerol, gelatin, albumin, 
or the ferrous and ferric salts of organic acids. With gallic acid, succinic acid, glucose, 
and aluminium salts, it forms precipitates soluble in excess of the reagent and in 
ammonia. Lastly, it forms a violet precipitate with a solution of cenocyanin prepared 
according to Macagno’s method. This, however, does not interfere with its use in the 
method of analysis under consideration. 

On treating the wine with an excess of this reagent, a precipitate is formed con- 
sisting of zinc tannate mixed with a small (quantity of colo'ping matter. The wine is 
heated nearly to boiling to agglomerate the flocculent precipitate, and the precipitate 
after cooling is washed on a filter with a small quantity of boiling water, which re- 
moves the adhering colouring matter. On dissolving the precipitate in dilute sulphuric 
acid, a solution is obtained containing all the tannin of the wine, and having a very 
faint red tint, due to minute traces of cenocyanin, which compensate for the slight 
loss of tannin incurred in the manipulations. In this acid liquid the quantity of tannic 
acid is determined volumetrically with a millinormal solution of potassium perman- 
ganate, each cubic centimeter of which is equivalent to 0*00760 gram of tannic acid. 
The examples given of the application of this method to several wines show that it is 
capable of giving very exact results. 

A method of estimating tannin by filtration through skin, which absorbs the tannin 
and allows the other soluble substances to pass through, was proposed by Hammer 
(/. jpr. Ghem, Ixxxi. 159; Jahresh, /. Gkem. 1860, 679), and has more recently been 
adopted with some modifications by Muntz a. Eamspacher {DingL pol. J. ccxiv. 74 ; 
Chem. SoG. J. xxviL 1183). According to E. Procter, however {Ghent. News, xxxiii. 
245), this method cannot give exact results, inasmuch as a solution conbiining only 
1 per cent, tannin can pass through skin 2 or 3 mm. thick, and, moreover, skin in 
general is capable of fixing only a certain quantity of tannin. 

Bop-tannlii. The tannin of hops is amorphous ; does not precipitate a solution 
of gelatin ; is slightly soluble in cold water, easily in hot water ; also in alcohol and 
ethyl acetate ; insoluble in ethyl oxide. It is easily alterable ; turns rod, and gives 
off water at 100®, and then, like gallotannic acid, precipitates a solution of gelatin. 
Hop-tannin also resembles gallotannin in being converted, with elimination of water, 
into a phlobaphene having the composition when its aqueous solution is 

heated to 120® ; this phlobaphene exists also ready formed in hop-conos, and may 
easily be prepared therefrom (0. Etti, Dingl, ^ol. J. ccxxviii. 254 ; Ghem, Soc. J. 
xxxiv. 797). 


Oak-tannins. The amount of tannin in oak-branches more than a year old 
remains nearly constant from March till the end of October ; the buds contain a mucli 
larger proportion than the branches. In the young shoots the amount of tannin in- 
creases considerably from J uly onwards, but decreases in winter, probably in consequence 
of internal respiration. The proportion of tannin in the leaves is very considerable, and 
appears to be determined by the individuality of the tree, leaves of different trees 
extoiting considerable diversity in their proportion of tannin. The tannin of the 
leaves is identical with that of the bark ; the leaves also contain ellagic acid. The 
composition of oak-bark tannin may be represented by the formula ; that of 

oak-red by ; and the relations of the latter to ellagic acid and to gallotannic 

acid by the equations 0*-'H^®0®+ = (gallotannic acid); 

2H®0 + (ellagic acid) (J. Oser, Wien. Akad. Ber. [2 AbthJ, Ixxii. 165). 

Strawberry-tannin, or Fragarianin. The root of the strawberry {Fmgaria 
'eesca) contains, according to Phipson, a tannic acid analogous to quinotannic acid, 
which he designates as Fragarianin. This tannin is resolved, by boiling with hydro- 
chloric acid, into sugar and a red amorphous body called Fragarin, which is soluble in 
water, alcohol, and ether, and dissolves, with fine red colour, in potash-ley. Strong 
sulphuric acid dissolves fragarin ; nitric acid converts it into a yellow nitro-compound 
different from picric acid ; with potassium chlorate and hydrochloric acid it yields a 
yellow chlorinated product. When heated, it yields a small quantity of catechol, and 
when fused with potassium hydroxide, a small quantity of protocatechuic acid. Straw- 
berry-root also contains bodies resembling quinovin and quinovic acid, together with 
a small quantity of ordinary tannin. 

On Divi'divi Tannin, see Ellagitannic Acid (p. 731). 

On the presence of Tannin in various species of Willow, see Johanson {AfeK. Bharm. 
[3], xiii. 103; Ghem. Soc. J. xxxvi. 160). 


Sulpbiotaiitilc Acid, C^^H^^S^O^^ (vii. 1125). 

f(0.C2H®0)®(G2H®0.0)2' 
S02.0H 
SO* 0 


sulphotamio acid, C®H* 


Aoeigl-derivatives. — Bentaceiyh 
C®H*, is obtained by gradually adding 
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sulphofcannic acid to a mixture of equal volumes of glacial acetic acid and acetic 
anltydride, in -which it dissolves at ordinary temperatures. The solution is heated for 
about two hours in a reflux apparatus ; the excess of acid and anhydride distilled off ; 
the residue mixed with a large quantity of ether ; and the crystalline precipitate is 
washed with cold and dissolved in boiling alcohol. On cooling, the pentacetyl-eom- 
pound separates in small orange-coloured crystals insoluble in water, but soluble in 
caustic alkalis. 

When sulphotannic acid is added in like manner to pure acetic anhydride, a 
flocculo-crystalline precipitate is obtained, consisting of a tetracetyl'-derivative, probably 
/SO 01 




(0.C2H®0)*(C^H®0.0)2l (H. Schiff, Liebig’s Annaletiy clxxviii. 171). 

0 SO^J 


TAXfTAXiITM. Atomic Weight 182. A nitride of tantalum, Ta^N®, is pro- 
duced by heating tantalic chloride, TaCP, in a current of ammonia-gas at a temperature 
a little above the subliming point of sal-ammoniac. It is an amorphous, ochre-yellow 
mass, which, when heated to whiteness in a stream of perfectly dry ammonia-gas, 
gives off nitrogen, and is converted into a black amorphous mass of the mononitride 
TaK 

A carbonitride, 10TaC,TaN, is obtained, like the carbonitrides of niobium 
(p. 1393), by heating tantalic oxide, Ta^O^ with sodium carbonate and charcoal at 
about the temperature of melting cast-iron. The product has a fine brass-yellow colour 
(A. Joly, Comjpt. rend. Ixxxii. 1195). 

Tantalates. — Tantalic acid forms with most bases four series of salts analogous 
in composition to the nio bates described by Joly (p. 1393), viz. : 

M0,Ta205 2M0,Ta205 SMO.Ta^O^ 4M0,Ta"-05 

When tantalic acid is dissolved in a hot concentrated solution of ammonium fluoride, 
the salt TaOF^,3NH‘‘F crystallises on cooling in regular octohedrons. The 
spending salt has not been obtained pure (Joly, Cornet, rend. Ixxxi. 1266). 

A tantalate occurring, together with beryl, columbite, samarskite, and garnet, in 
Yancey County, North Carolina, was found by O. Koenig {Jakrh. f. Min. 1876, 867) 
to contain : 

Ta^O® FeO MnO MgO 

76*60 14*07 0*60 7'70 = 98*87 

Koenig refers it to the species tantalite, but Kenngott shows {ibid. 1877, 168) that its 
composition does not agree with the formulae of that species. 

Tantalite occurring in lumps of the size of peas, and of sp. gr. 7*305~7'401, in the 
decomposed granite of Cousa County, Alabama, has been analysed J. L. Smith {8ilU 
Am, J, [2], XV. 203), with the following results : 

Ta“0® WO® ZuO MnO FeO CuO 

79*55 TIO 0-87 3*72 13-51 0*89 = 99*74 

Smith regards the locality above mentioned as the first at which tantalite has been 
found in North America, and agrees with Kenngott in doubting the correctness of 
Koenig’s view of the constitution of the mineral from North Carolina. 

TAR. According to Liebermann a. Burg {Ber. xi. 723), the vapour of lignite-tar, 
when passed through a red-hot tube filled with porous substances, is converted, with 
copious evolution of gas (66-63 p. c.), into a mixture resembling coal-tar, and, like 
the latter, containing about 4 per cent, benzene and toluene, together with 0*9 per 
cent, crude anthracene. The largest quantity of gas was produced with empty tubes ; 
the smallest with tubes filled with charcoal. When the oils thus obtained, or those 
produced from coal-tar itself, are passed through a red-hot tube, they experience a 
much smaller loss in weight, from 77-90 per cent, of the original quantity being 
recovered. Petroleum and vulcan oil similarly treated yield large quantities of gas 
and benzene, but no anthracene. 

Salzmann a. Wichelhaus {Ber. xi. 802) also find that when lignite-tar oil is decom- 
posed by red-hot charcoal, 4 per cent, of an oil is obtained, which boils at 120°, and 
yields nitrobenzene. The same chemists find that the formation of benzene from 
lignite-tar is always attended with separation of carbon, and that abstraction of 
hydrogen, which may be effected by the admixture of oxygen with the oil-vapours as 
they pass over the red-hot charcoal, does not produce any essential alteration in the 
result of this decomposition. 

Letny (Per. xi. 1210) finds that when the vapours of hydrocarbons of the fatty 
series — especially the residues of Baku petroleum (b, p. 270°) are passed several 
times through a red-hot retort 7 feet long and 1 foot wide filled with charcoal, they 
yield a tar having a sp. gr. of 1*307. This tar yielded on distillation 2*3 per cent. 

VoL. VIII. 6 P 
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water, 4-*6 benzene, 5*2 toluene and its homologues, together with 35*4 naphthalene 
and unaltered petroleum. Lastly, the residue boiling above 340° was found to contain 
- -together with petroleum — considerable quantities of phenanthrene and anthracene. 
Still more complete is the decomposition when narrow tubes are employed. The dis- 
tillation-products of natural asphalt and resinous shales are also decomposed in a 
similar manner under these conditions. Atterberg {Ber, xi. 1222), by subjecting pine- 
wood tar— the heavy tar-oil of Swedish wood-oil manufactories— to the action of red- 
hot coke in iron retorts, obtained, at commencing redness, the same products as those 
which are formed under these circumstances from lignite-tar and petroleum ; they 
contained 0*3 per cent, anthracene, together with benzene, toluene, and phenol. When 
the coke was heated to bright redness, the product contained relatively more benzene 
and naphthalene, but less phenol. 

TARTARXC ACXB, The following process for the preparation of this 

acid is recommended by P. Dietrich /. Chem. 1878, 1136). Tartar is subjected 

to the action of calcium carbonate in presence of w’ater at a high temperature and 
under pressure, whereupon, as the carbonic acid cannot escape, the two salts act on 
one another so as to form potassium bicarbonate and calcium tartrate, which is de- 
composed in the usual way. The quantity of water is regulated so as to form a 
saturated solution of potassium bicarbonate. 

Oti the Optical Rotatory Power of Tartaric Acid and its Salts, see Light (pp. 1217- 
1219). 

^Soliihility. — According to Bourgoin {A^m. Chim. Phys. [5], xiii. 400), 100 pts. by 
weight of alcohol and ether at 15® dissolve the following quantities of tartaric acid : 

Bttier Absolute alcohol Alcohol o£ 90° 

0-400 25*604 41-135 


^ Distinction between Tartaric and Citric Acids. — These two acids may be distin- 
guished^ by their reaction with potassium dichromate, a cold saturated solution of this 
salt giving w-ith tartaric acid a dark brown colour, with evolution of carbon dioxide, 
whereas on citric acid it acts but slowly, producing only a light brown colour. If 
1 gram of powdered citric acid be added to 10 c.c. of the cold-saturatod dichromate 
solution, the orange colour of the liquid remains unchanged after ten minutes if no 
tartaric acid is present ; whereas 5 per cent, of that acid will produce a dark brown, 
and 1 per cent, a coffee-brown colour (Cailletet, Chem. Centr. 1879, 14). 

According to A. H. Allen (Zeitschr. anal. Chem. 1877, 251), tartaric and citric acid 
may be separated in alcoholic solution by means of potassium acetate, also dissolved 
in alcohol, which throws down a precipitate of acid potassium tartrate. 

Estimation. — To determine the amount of tartaric acid in crude tartar and similar 
substances, A. Scheurer-Kestner {Compt. rend. Ixxxvi. 1024) dissolves the sample in 
hydrochloric acid, neutralises the filtrate with soda, and precipitates with calcium 
chloride. The washed precipitate is converted by ignition into carbonate, which is 
then titrated. 


See also Warington {Chem. Soo. J. xxviii. 959-981). 

On the Estimation of Tartaric Acid and its separation from Citric Acid in Solutions, 
Fruit -Juices, and Insoluble Suhstaiices, see Citric Acid (p. 508 of this volume). 

On the Conversion of Dextrotartaric Acid into Racemic and Inactive Tartaric or 
Mesotartario Acid, see Jungfleisch (vii, 1147). 


lartrates. Jterrous lartrate, According to C. M4hu {N. Jahrb. 

Pharm. xl. 257), the directions usually given for the preparation of this salt do not 
give a pure product; but a perfectly stable salt may be obtained by boiling together 
equal weights of tartaric acid, water, and iron wire for some time, and thoroughly 
washing the resulting sandy powder with boiling water. The salt thus obtained is a 
white micro-crystalline powder, nearly insoluble in water even when boiling and 
satiated with sal-ammoniac, or strongly acidulated with tartaric, citric, or acetic 
acid; easily soluble in dilute mineral acids. The solutions are optically dextrogyrate. 

Ammonio-ferric Tartrate is obtained by dissolving the ferrous salt in ammonia, 
whereby a thickish green solution is formed, which absorbs oxygen, becoming con- 
tinually darker in colour and more viscid, but finally mobile and yellowish-red, and 
when exposed in thin layers to the air, dries up to garnet-red transparent laminae^ easily 
soluble in water, insoluble in alcohol and ether. The salt when dried at 100° has the 
composition when dried over sulphuric 

acid It contains in addition Its solution does not exhibit any colour-reactions 

with potassium ferrocyanide or thiocyanate, till it has been mixed with a mineral acid 
(menu, log. c2t.) 


TeUnrio Tartrate, Te(O*H“O«)^20*H“O», Seo Tbulubidm (p. 190'). 
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Racemic Acid, According to Jnngfleiscli {Cmnpt rend.lsxsr^.BOb), 

the racemic acid which is formed in the manufacture of tartaric acid, owes its origin, 
not to the grapes, but to the action of alumina, ferric oxide, and other sesquioxides 
present in the liquors on the tartrates, these oxides, when not saturated with sulphuric 
or phosphoric acid, acting on the tartaric acid at the evaporating temperature of 
the liquors in such a manner as to convert it partly into racemic, partly into inactive 
tartaric acid. Direct experiment shows that tartaric acid, heated in closed vessels 
at 140° with a small quantity of aluminium tartrate, yields a considerable quantity of 
inactive tartaric acid. 

The properties of the racemic acid which Strecker obtained (vi. 1079) by the action 
of hydrocyanic and hydrochloric acids on glyoxal have been compared by Fr. (Jail 
{Ber. xi. 1644) with those of natural racemic acid. The ei^stals of the synthetically 
prepared acid agrees with those of the natural acid in form, hut do not effloresce 
under certain circumstances. The dehydrated synthetic acid melts at 198° (the 
natural at 201°). On attempting to resolve the synthetical racemic acid, through the 
medium of its sodio-ammonium salt, into dextro- and leevo-tartaric acid, the solution 
at first deposited exclusively large monoclinic crystals, destitute of hemihedral faces, 
and yielding an inactive solution ; and it was only from the mother-liquor of these 
that rhombic crystals of the two acids were obtained, containing 4H.'^0, and exhibiting 
hemihedral faces. Precisely the same phenomena were exhibited by ordinary racemic 
acid. 

TARTROlorXC ACID, C^H'‘0® = C00H.CH0H.000H. Eydroxymalonic acid. 
This acid is formed by treating dihydroxymalonic acid, with sodium-amal- 

gam ; also by the action of silver bromide on monobromomalonic acid, 
CO^H.CHBr.CO^H (Petrieff, Ber. xi. 414). Demole {ibid. x. 1778) prepares it by 
gradually adding 20 g. diuitrotartaric acid to 60 c.c. alcohol of sp. gr. 0'925 in a 
porcelain basin heated over a water-bath. When the evolution of gas ceases, the 
liquid is left to cool, and the crystals which separate are pressed between bibulous 
paper. They are then dissolved in 'water ; the solution is evaporated to dryness ; 
and the residue is treated with ether to remove oxalic acid. The tartronic acid thus 
prepared melted at 150°~151°, whereas that which G-rimaux obtained {Ber. x. 903) by 
the action of baryta-water on dibromopyruvic acid is described by him as melting at 
145°-147°. 

TATTRZRX:, C-H'NSCP. Strecker, by the action of heat on ammoni um isethionate, 
obtained a body of this composition which he regarded as taurine (v. 699). This body 
has also been prepared and further examined by H. Seyberth {Ber. vii. 391). When 
ammonium isethionate, melting at 136° (Strecker gives 130- as the melting point), was 
heated for several days in an oil-bath at 210°-230°, it remained quite unaltered; but 
on heating the mass to 230°*-240° decomposition set in. The viscid syrup obtained 
after about eight hours’ heating was dissolved in water; the solution boiled with 
animal charcoal and evaporated ; the residue crystallised from alcohol ; and the nodules 
which separated were boiled with alcohol, in which they were nearly insoluble, till 
they melted constantly at 190°-193°. The body thus obtained gave off ammonia 
when boiled with potash, dissolved very easily in water, appearing indeed to be 
hygroscopic, and had the composition of taurine. Since, however, taurine does not 
melt, even at 240°, and reacts differently with potash-ley,, the compound obtained as 
above must be regarded, not as identical with it, but as the true amide of isethionic 
acid. 

Taurine is but slowly attacked by potassium permanganate, its sulphur being only 
incompletely oxidised ((S'uareschi, Ber. xi. 1383). 

Metallic Derivatives of Taurine. — J. Lang(J?wZ^. Boo. Ckim. [2], xxv. 180), by treat- 
ing solutions of taurine with the oxides or hydroxides of various metals, has obtained 
the following compoimds : 

C'-^H^NSO^Ag, (C='H6NS03)2Hg, (C^H«NSO’)2Gd, (C^H® NSO«)^Pb, 

2(C2H«NS03)2Pb -h Pb(OH)^ C^HsNSO^Na 

A very stable mercury-compound, (C2H®NSO^)2Hg,HgO, is described by E. Engel 
(B^tlL Soc. Ckim. [2], xxiii. 532). 

IVIetUyltaurine, C»H®NSO®=:C--^HXNH.CH®)S03H (E. Dittrich, J. pr. Chem. 
[2], xviii. 592). This compound is formed by heating silver cblorethyl-sulphate (10 
pis.) with solution of methylamine (30 pts. saturated at 0°) or methylamine ohlorethyl- 
sulphate (20 pts.) with methylamine solution (30 pts.) for five or six hours at 110°~ 
120°, the latter process giving the best yield. In either case the liquid is boiled with 
caustic baryta till the odour of methylamine is no longer perceptible, then freed from 
baryta, and evaporated to dryness ; and the residue is several times exhausted with 
alcohol, and repeatedly crystallised from water. 

6p2 
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Methyltaurine, thus obtained, crystallises in long triclinic prisms having a vitreous 
lustre, melting at 241 '’-242°, nearly insoluble in alcohol and ether, easily soluble in 
water (7*5 times more readily than taurine), the solution having an acid reaction. It 
also dissolves in strong acids and in alkalis, but without combining with them, and is 
separated from the alkaline solutions by alcohol. It is decomposed by^ melting 
alkalis with separation of methylamine, and converted by nitrous acid into isethionic 
acid. 

TAXTROCARBiVnxXC iVCXB, or Uramido-UethioniG acid, G«»H®N2SO^== 

CH^,]SfH.C0.NH2 

I (E. Salkowski, Ber. vi. 744, 1191). This acid may be formed syn- 

CH3.S020H 

thetically by a process analogous to that by which Wislicenus obtained hydan- 
toic acid (p. 1044). The mixed aqueous solution of taurine and potassium cyanate 
in molecular proportions is evaporated to a syrup, whereby on cooling a solid crystal- 
line mass is obtained, consisting chiefly of potassium taurocarbamate, the aqueous 
solution of which, when shaken with absolute alcohol, becomes turbid and is converted 
in the course of a few minutes into a pulp of needle-shaped crystals. On mixing the 
aqueous solution of this potassium salt with an equivalent quantity of sulphuric acid 
and with alcohol, and leaving the alcoholic extract to evaporate, the free acid crystal- 
lises out, and may be freed from adhering potassium sulphate and accidental traces of 
taurine by recrystallisation from dilute alcohol. The yield is very nearly equal to the 
theoretical quantity. Taurocarbamie acid is also formed from taurine in the animal 
organism by addition of carbamic acid and elimination of water : 

C-H^NSO" 4- GO^NH^ = + H^O. 


It passes out in the urine in the form of a salt, and may be obtained therefrom by 
exactly precipitating the liquid with basic lead acetate, filtering after twenty-four 
hours, removing the lead by hydrogen sulphide and evaporating, these processes being 
repeated several times if necessary. The strongly concentrated liquid is then pre- 
cipitated with absolute alcohol, the precipitate dissolved in water, and decolorised with 
animal charcoal ; and the precipitation with alcohol is several times repeated. The 
crude sodium salt thus obtained is mixed with sulphuric acid and alcohol, and on 
leaving the^ liquid to evaporate, at a rather low temperature, free taurocarbamie 
acid is obtained in the form of a strongly acid syrup. It may be freed from excess 
of sulphuric acid by baryta, from hydrochloric acid by silver carbonate, and from 
excess of silver by hydrogen sulphide, and separates gradually from the concen- 
trated filtrate in granular masses, which may be purified by pressure and reciystal- 
lisation* 

Taurocarbamie acid crystallises in shining, quadratic, anhydrous laminae, somow'hat 
hygroscopic in naoist air, easily soluble in water, sparingly in alcohol, insoluble in 
ether. The ho/tium salt separates from hot alcohol in small, anhydrous, highly 
lustrous, rhombic, tabular crystals grouped in druses. The silver salt forms long 
radiating tufts of crystals. 

Taurocarbamie acid heated for several hours at 130°-140® with saturated barvta- 
water, is completely resolved into carbon dioxide, ammonia, and taurine, according to 
the equation : “ 

C^HWSO* + BaH202 « BaOO^ + 'NW + 
without separation of even a trace of sulphuric acid. 


Tii.VBOCYB.MXza'B, is formed by heating equivalent quantities of 

taurine and cyanamide with a quantity of water sufficient to dissolve them, for four or 
five hours at 110 -11« , or by leaving the mixed solution to itself for some time, and 
separates m small white prisms melting at 224°-226°, easily soluble in water, in- 

m rof acids, but does not combine ttith 

them (E, Dittrich, J.pr. Ghem. [2], xviii. 63). 

i^eayJ!:a«,-<)C2^am»e,C^H>‘NW=CsH»NSO*+CN>=H“ fanned in like man- 
ner from cyanamide and metbyltaurine, crystallises in large prisms wbich have a 
TJtreoM lustre, give off their water at 110°, are insoluble in alcohol and ether, and 
(cfttrichf in strong acids, but does not form 


f p of several kinds of tea has been examined by E. ‘Wevrich 

and 363) with the following results. ’^The chLper 
and green tea Me richer in theine than the bettor sorts, but in black 
oontrary^ holds good. The differences in the total amount of ash, and in the 
portion soluble in water in the several kinds of tea are very small, and exhibit such 
wegularities that it is impossible to estimate the value of a tea by the amount of ash 
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contained in it. The same remark applies to the amount of potash. The proportion 
of phosphoric acid increases in general with the goodness of the tea, and may therefore 
he taken as a measure of its value. The estimations of the portion of tea which is 
soluble in water, and the determinations of nitrogen, showed great irregularities. 
Hence Weyi’ieh considers, contrary to the view expressed by Zoller (vii. 1148), that the 
comparative value of unadulterated teas cannot be determined by chemical analysis. 

Two samples of tea from Cachar: (1). from Theamridis^, (2), from a hybrid 
variety, have been analysed by Hodges {Chem. News, xxx.TH): 

100 pts. of each gave the following results : 


Moisture ..... 

(1). 

. 16-06 

(2). 

16-20 

Organic matters 

. 78-81 

78-98 

Mineral matters 

. 6-13 

4-82 

of each respectively consisted of — 

Potash ..... 

. 35-200 

37*010 

Soda 

. 4-328 

14-435 

Chlorine 

. 3-513 

2-620 

Sulphuric acid . 

. 5*040 

6-322 

Phosphoric acid 

. 18-030 

9-180 

Iron oxide .... 

. 2-493 

2-463 

Manganous oxide 

. 1 024 

0-800 

Lime 

. 8-986 

5-533 

Magnesia 

. 4-396 

5-910 

Sand and silica .... 

. 0-500 

1-300 

Charcoal 

. 2-900 

1-830 

Carbonic acid .... 

. 13-590 

12-600 


lOO’OOO 100-003 

A. Winter Blyth {Chem. News, xxx. 212) found in genuine black tea from India: 


Extractive 





. 33*900 per cent. 

Soluble ash 


, 



. 2-863 

Insoluble ash . 





. 3-288 

Tannin 





. 11-500 

Total ammonia . 





. 0-850 


In a sample of Chinese tea which contained no theine, H. Weippen {Arch. Phami. 
[3], V. 9) found cinnamic acid, probably derived from storax, which had been added to 
the tea for the sake of its odour. 

An elaborate examination of Chinese tea has been made by Eder (Pingh pol. J. 
ccxxxi. 446, 626 ; Chem. 3oc. J. xxxvi. 851-856). 


Theine. — The quantity of this alkaloid in tea is determined by Markownikoff 
{Ber. ix. 1312) as follows. 15 g. pulverised tea are drenched with 500 c.c. water and 
boiled, with addition of 15 g. calcined magnesia to every 5 g. tea. The precipitate is 
filtered off and washed, the filtrate evaporated to dryness with addition of a small 
quantity of magnesia ; the theine extracted from the residue with benzene ; the solvent 
evaporated ; and the theine weighed. 

The following quantities of theine have been found by 'P&\;nk{I)ingl.pol. J. ccxviii. 
220) in various kinds of tea. 


Kaisow Congo 

j> J} • * 

)) 53 • • 

Finest G-unpowder . 

„ Mayune Gunpowder 
„ Souchong . 

Tea-dust (10*8 per cent, ash) 


2 '4 per cent, theine 
1-7 „ 

15 ,, ,, 

1‘4 „ „ 

2T „ 

2*12 „ 

1*46 „ 


Tannin.- -According to J. T. Clark {Amer. Chem. vii. 44), the proportion of tannin 
in tea varies from 5 to 19 per cent. 

Paraguay tea from Ilex paraguayensis is, according to Byassou (p. 1496), destitute 
of tannin ; according to Robins, on the contrary {Pharm. J. Trans. [3], vih. 1027), it 
contains, as an average of seven samples, 10 to 16 per cent, of that substance. 

Mineral Constituents of Tea. — G. Wigner fPharm. J. Trans. [3], iv. 909 ; vi. 261, 
28 J, 402; Chem, J^ews, xxxii. J66, 189, 235) has determined in several sorts of tea 
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the total amount of ash, the quantities soluble in water and in hydrochloric acid, and 
the amount of alkali reckoned as potash. The following are the results : 



Total 

ash 

Ash soluble 
in water 

Ash soluble 
in HCl 

Silica 

Alkalis 
reckoned as 
potash 

Mean of 24 sorts (') . 

., 17 „ (•-) . 

5*66 

3'0l 

2*21 

0*44 

1*62 p. c. 

5*75 

307 

2*25 1 

0*43 

1*38 „ 

IS ,. (“) . 

5*80 

3-44 

2*04 

0*32 

1*39 „ 

., 4 ,. (*) . 

6*57 

2*92 

2*10 

0*55 

1*50 „ 

,. 12 „ e) . 

5-77 

2*99 

2*22 

0*66 

l'b7 

.. 9 (“). 

6*25 

3*07 

! 2T9 

0*99 

1*35 „ 


C) Taken from original chests. (“) Ordinary sorts from original chests. (*) Fine sorts from 
original chests. (*) Especially fine sorts. (®) From retail dealers. (“) Genuine Capers. 


Similar determinations of the ash of ten sorts of tea have been made by A. L. 
Wilson {Chem. News, xxviii. 307) : 



Total 

Ash soluble 

Ash soluble 

Silicates 

Ferric 


ash 

in water 

in HCl 

oxide 

Moning . 

6*00 

3*15 

2*03 

0*82 

0*05 

,j ... 

5*82 

2*73 

2*52 

0*57 

0-07 

„ . . . 

5*90 

2'76 

2*36 

0*78 

0*07 

,, ... 

5*55 

2*66 

2*21 

0*68 

0*09 

Kaisow . 

5*43 

3*33 

1*88 

0*22 

0*05 

Feechow Pekoe 

6*15 

3*20 

2*16 

0’79 

0-09 

Assam Souchong 

5*15 

2*90 

2*05 

0*20 

0*03 

Green Assam . 

5*32 

2*94 

2*11 

0*27 

0*08 

Fine green tea . 

7*14 

2*38 

3*19 

1*57 

()*12 

Mixed black tea 

5*68 

2*86 

2*33 

0*49 

0*04 



Na=0 

RO" 

CO' 

SiO“ 

. 30*92 

1*68 

4*88 

11*60 

1*70 

. 28*42 

2*08 

5*66 

6*43 

7*50 

its soluble 

in water 

was in the black 

toa, 57*00 


Six kinds of tea examined by Wanklyn {Chem. News, xxviii. 18G) gave, on the 
average, a quantity of ash equal to 5-92 per cent, of the driwi tea, of wJjich 3-.or> i)t.s. 
were soluble in water and 2*37 insoluble. As tea which has boon exb!UiHte<l witli 
water contains a smaller proportion of soluble ash-constituents than fiavsh tea, 
WanHyn recommends the determination of the total ash and of the uinoimt of soluble 
constituents as a means of judging of the value of the tea. 

The ash of black and of green tea was found by Wignor to contain ; 

Black 
Green 

The proportion of const 
cent. ; in the green 52*85. 

On tie Detectwn of MuUeratims in Tea, see A. H. Allen (Chem. Nms, xxviii. 
210,275 303; xxix 129 140, 157, 189, 221 ; xxx. 2; Chcm.^Soo. > x“'ii m 
xxvm. 786; Jahresb.f. Chem. 1873, 973; 1874. 1040) 

On the Agricnltnral Chemistry of the Indian Tea-plautatioiis, see J. Campbell- 
Brown (Chem. Soo. J. [1875]. xxviii. 1217-1228). 

XKAX-WOOD. A white deposit in the wood of this tree (Tectonia grandis) 
has been analysed byG. Thoms {Landw, Ver sucks. -St. xxii. 68, xxiii. 413), and found 
to consist of monoealcic orthophosphate, CaHPO*. The formation of this deposit leads 
to the idea that the wood itself must contain a considerable quantity of phosphoric 
acid and analysis shows that this is really the ease, the composition of the ash of the 
wood being as follows : 

CaO MgO FeO K®0 SiO“ SO“ F“0“ CO** 01 

31-35 9-74 0-80 1*47 0*04 24*98 2*22 29*69 0*01 0*01 100*31 

The percentages of rarhon and hydrogen are higher than in most woods, and this 

and silica, may perhap., account for 
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TECKTOCKRYSZir, or Methyl-cJmjsm, C»®H®(CH^)0^ See Chry- 

sm (p. 466). 

TEEZiXrRXUlMC. JPreparation.-^l. H. Schnitzler (jDingl. fol. J. cxi. 484 and 492), 
by treating 6 pounds of tellurium ore with dilute bydrochloric acid, repeatedly beating 
it with aqua regia, concentrating the solution, treating it while warm with ferrous 
sulphate to precipitate gold, passing sulphur dioxide into it to throw down the tel- 
lurium, then extracting the silver chloride from the residues by aqueous ammonia, and 
reducing it with zinc, obtained 240 grams of tellurium, 10 telluriferous selenium, 
128 gold, and 30 silver. The black pulverulent tellurium, gently heated in a covered 
porcelain crucible, sublimed almost without loss to a shining regulus. 

2. Chemically pure tellurium may be prepared by reducing an alkaline solution of 

telluric acid (ammonium tellurate dissolved in caustic alkali or alkaline carbonate) 
with grape-sugar at the boiling heat. The compound thus reduced may be aggregated 
into a compact mass by heating it in a glass flask with a little dry saltpetre (F. 
Stolba, /. Chem, 1873, 214). 

3. Crude tellurium may be purified by heating it in a glass tube through which a 
stream of hydrogen is passed. Tlie greater part of the tellurium then sublimes in the 
free state, a small portion only being driven off as hydrogen telluride, and a residue 
of metallic tellurides is left, from which the rest of the tellurium may be obtained as 
chloride by heating it in dry chlorine (F. Becker, Liebigs Annalen, clxxx. 257). 

4. Another method of purification is founded on the fact that tellurium and 
potassium, when brought together in water, form soluble potassium telluride, which 
in contact with oxygen is resolved into potassium hydroxide and metallic tellurium. 
The crude tellurium is melted, and a platinum wire is thrust into it, after which it is 
left to cool, and hound tightly round with a piece of linen or calico so as to form a 
bag. An electrolytic cell is then formed with a platinum plate, the tellurium 
together with the hag, and a dilute solution of potash, and an electric current is passed 
through it, the tellurium forming the hydrogen pole. Violet-brown potassium tel- 
luride is thereby formed, and sinks through the bag into the alkaline liquid, in which 
it is decomposed by the oxygen liberated at the other pole, the tellurium being sepa- 
rated in the reguline state. 

Atomic Weight. — ^Berzelius, by oxidising tellurium with nitric acid, and weighing 
the resulting dioxide, obtained the number Te = 127*965 ; von Hauer, by the analysis 
of tellurium-potassium bromide, 2KBr,TeBr‘‘, obtained Te = 127*74. Dumas, from 
experiments not published in detail, deduced the number Te~ 129 (see v. 712). The 
values thus found do not agree with that which should be assigned to tellurium in 
Mendelejoff s classification (vii. 462), according to which the atomic weight of tellurium 
should be between that of antimony 122, and that of iodine 1 26*5 3, tellurium thus 
taking its place in the same series as sulphur aud selenium. To ascertain whether 
this is really the case, a very careful repetition of the experiments of Berzelius and of 
V. Hauer has been made by W. L. Wills {Chem. Soo. J. xxxv. 70i), the result of 
which is to show that the atomic weight of tellurium is greater than that of iodine, 
and therefore that in Mendelejeff’a system, tellurium must be placed after iodine. 

The mean results of Will’s experiments are as follows : 

By oxidation of Tellurium with Nitric acid . . Te = 127*80 

„ „ Aqua regia . . Te = 127*907 

By analysis of Tellurium-potassium bromide . . Te = 126*83 

Estimation. — L. Kastner (Zeitschr. anal. Ghem. 1875, 142) estimates tellurium by 
Stolba’s method of reduction with grape- or invert-sugar. The tellurium is dissolved 
in the smallest possible quantity of aqua regia ; the solution supersaturated with 
sodium carbonate and heated to boiling ; the sugar-solution added ; and the frothing 
liquid boiled for five or ten minutes, whereby the whole of the tellurium is thrown 
down. It is best to filter the solution while hot immediately after reduction, and 
add a little more sugar, which prevents the re-oxidation of the tellurium. The tel- 
lurium may then he weighed in the free state on a tared filter, or better in the form of 
tellurous oxide, by dissolving it in a mixture of nitric and sulphuric acids, and 
evaporating the solution in a porcelain crucible. 

Tellurium-Potassium Bromide, TeBr'*,2KBr. — To prepare this salt, equivalent 
quantities of potassium bromide and tellurium are placed in a fiask, and water is added 
till the potassium bromide dissolves ; bromine is then run in, and the fiask shaken 
till the tellurium disappears ; and the resulting orange-yellow liquid, filtered from a 
small yellow deposit, is evaporated over the water-bath, the double salt then separating 
in crystals which may he purified by recrystallisation (Wills, loc. cii.) These crystals, 
according to H. Baker, are orthorhombic, a'.bic =5 1*0000 : 1*4901 : 1*3658. 
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Observed forms, P, OP, oofoo. Type pyramidal, or +?, — ? Faces P perfectly 

2 2 

smooth, and with a brilliant lustre ; those of OP and oofoo are uneven. At 120° 
the salt loses water and becomes orange-eolonred, but remains quite constant in 
weight between 120° and 160°. 

Oxides and Acids. The specific gravities of the following compounds have been 
determined by F. W. Clark (Sill, Am. J. [3], xiv. 281 ; xvi. 401): 

Tellurons oxide, TeO^ . . . 5-7559 at 12*5° and 5*7841 at 14° 

Telluric oxide, Te03 . . . 5*0704 „ 14*5° „ 5*0794 „ 10*5° 

„ „ another specimen . 6*1118 „ 11° 

Telluric acid, H^TeO^ . , . 3*425 „ 18*8° „ 3*458 „ 19*3° 

3*410 19*2° 

„ „ (eryst.) H2Te0S2H20 2*999 „ 25*5° „ 2*9649 ” 26*5° 

Ammonium tellurate, (NH'‘)®TeO‘‘ . 3*024 „ 24*5° „ 3*012 „ 25° 

Barium Tellurate slightly heated gave 4*5486 at 10*5°, and 4*5305 at 10° j an- 
other specimen gave 4*4811 at 16°, The sp. gr. of the salt merely dried at 
200° was nearly 4*2. 

Thallium Tellurate^ precipitated by mixing the solutions of ammonium tellurate 
and thallium nitrate, and dried at 100°, had a sp. gr. of 5*687 at 22°, and 
5*712 at 20°; after heating to about 180° with loss of 1*46 per cent, water, 
its sp. gr. was 6*742 at 16°, and 6*760 at 17'5°. 

Tellurous Oxide formed, with evolution of sulphurous oxide, when tellurium 
is heated in sulphuric acid, and if considerable quantities are operated on, separates 
on cooling in the crystalline form (A. Hilger, Liebig's Amialen, clxxi. 211). 

Tellurous Acid, like selenions acid, is completely precipitated by a magnesium salt 
and ammonia, but the precipitate is amorphous, whereas that obtained with selenious 
acid is crystalline (Hilger a. von Cerichten, Zeitschr. anal. Clicm. 1874, 132). 

Telluric Acid, H^TeO‘, is best prepared by boiling a solution of tellurous acid 
in nitric acid with lead dioxide, precipitating the lead from the filtrate by sulphuric 
acid, evaporating on the water-bath, digesting the residue with alcohol and ether to 
remove excess of sulphuric acid, dissolving the residue then left in a small quantity 
of hot water, and recrystallising it in a vacuum (F. Becker, LkhUfs Annalen 
clxxx. 257). ' ’ 

On the reduction of Telluric Acid by Grape-sugar, see p. 1895. 

A mercurous tellurate, Hg'^^TeO^, called MagnoHtc, and a ferrous tolhirato, FoTeO\ 
called Ferrotellurate, are described by F. A. Genth {Zeitschr. Kryst, ii. 7). Both 
occur in^ the^ upper veins of the Keystone Mine, Magnolia District, Colorado, the 
former in microcrystalline groups sometimes enclosing quicksilver, associated with 
brown haematite, psilomelane, and quartz as a product of decomposition of colo- 
radoite ; the latter containing a small quantity of nickel, and occurring as a crystal- 
line coating on quartz, 

Sulphides. The statement of Berzelius that hydrogen sulphide throws down 
TeS2 from a solution of tellurous acid, and TeS» from telluric acid, requires according 
to Becker {Liebigk Annalen, clxxx. 257), a certain amount of correction, his observa- 
tions showing that the precipitates thus obtained give up nearly all their sulphur 
when treated with carbon sulphide, and consequently are not definite chemical com- 
pounds, but merely mixtures of tellurium and sulphur in approximately constant pro- 
portions. ^ He, however, thinks it probable that sulphides of tellurium are formed in 
the first instance, since, on closely observing the change which takes place when 
hydrogen sulphide is passed into teUurous acid, each bubble of the gas is seen to pro- 
duce a red precipitate which turns black only when it reaches the surface of 
liquid. 


Tellurium IHlnerals. 1 . Sative -Four varieties of native 

tellurium from Colorado have been analysed by F. A. Genth : 

1. In crystals often enclosing quartz, or in plates between masses of ore consistins 
of ealavente, coloradoite, iron pyrites, and a mineral perhaps allied to rosooelite ■ 
ro. gr. = 6’27i5 ; from the Keystone Mountain, Lion, and Dunraven Mines Mtimoli.: 
Distnet Boulder County. 2. Tumefied mass looking as if it had been teed and 
e^dently consisting— in spite of apparent homogeneity— of a very intimate mixture 
of tellurium with quartz and silicates. Sp. gr. = 4-005 ; from 'the Mountain and 
Lion Mines ; railed by the finder Lionite. 3, Very small, shining, much distorted 
cry^als m cavities of quartz.; from Smuggler’s Mine, Ballarat District, B;,ulder County 
4. Sample of tellurium occurring in very large masses (up to 12 kilo, in weight : 
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granular to caulifonn) in cavities, and oxidised on the surface to tellurous oxide : in 
the John-Jay Mine, Central District, Boulder County, at a depth of 9-10 meters. 


Te Au Ag Hg Cu Pb Pe X C) 

1. 96-91 0-60 0*07 trace — — 0*78(2) 0-49 1-15 (3) = 100 (*) 

2«. 55*86 1-38 0*25 — — — — _ 41*62 ^)= 99*01 

5. 55*54 1*53 0*25 — _ — . _ __ 42*50 («) = 99*82 

Za. 92*29 3*40 1*69 1*07 0*51 0*74 0*12 — 0*12 (^) =* 99*94 («) 

5.93*64 ( 2 ) 2*18 1*15 1*34 0*43 1*02 0*18 ~~ 0*06 = 100(^2) 

4. 97-94 1*04 0*20 — 0*89 — — = 100*07 (”) 


(’) Various. (“) PeO. (“) Al“0*,MgO,K^O. (*) After deduction of 8*90 per cent, quartz. 
(®) Consisting of 34’72 per cent. SiO*, 6*16 A1*0’ and Fe^O®, 0*17 MgO, 0*48 CaO. {«) Consisting of 
35*91 per cent. SiO^, 6*14 and Pe*0», 0*19 MgO, 0*26 OaO. (’) MgO. (®) After deduction of 
28-04 per cent, quartz. (®) Estimated by difference. (^®) After deduction of 66*24 per cent, quartz. 
(“) After deduction of 14-08 per cent, quartz, including, however, 0-32 per cent. zinc. 

2. Metallic Tellurides. — The following tellurides from California are described 
by H. J. Burkart (Jahrb.f. Min. 1873, 476) and by F. A. G-enth iJ.pr, Ghem. 1874, 
[2], X. 365). 

Bismuth Telluride, or Tetradymitey Bi^Te®. — ^The variety of this mineral which 
contains sulphnr (v. 707) has been found in small quantities in some new localities, 
the most interesting of which is Uncle Sam’s Mine, Highland District, Montana, 
where it is accompanied by gold and quartz ; it is also found in dolomite. It is partly 
converted by oxidation into montanite (bismuth tellurate), and consequently evolves 
chlorine when heated with hydrochloric acid, the telluric acid contained in it being at 
the same time reduced to tellurous acid. Tetradymite occurs both in laminae, up to 
I inch broad, and in scales. Colour blue-grey and iron-black, frequently variegated. 
Analyses: (1). Broad laminae. (2). Small scales from the dolomite : 

Te Bi Au Cu Pe Se S Quartz Sp. gr. 

34*90 60*49 0*21 trace 0*09 trace 4*26 0-05 = 100*00 7*332 

34*41 59*24 — 0*47 — 0*14 5*16 0*58 = 100*00 7*642 

It is remarkable that the tetradymite from Uncle Sam’s Mine contains sulphur, 
while that from the gold-washings of Highland does not. 

Montanite or Bismuth Tellurate, Bi^O^jTeO^ + H^O (or 2H20). — This mineral, 
formed by oxidation of tetradymite, was first observed by G-enth during the examina- 
tion of the tetradymite of Highland in Montana ; subsequently the so-called tetradymite 
from Davidson Co., North Carolina, which was in great part oxidised, and gave off 
chlorine when treated with hydrochloric acid, was found to be identical with it. The 
* yellow bismuth oxide ’ from Whitehall in Virginia, analysed by Jackson {Am. J. of 
Sci. [2], X. 78), is also regarded by Crenth as probably the same mineral. 

Montanite is not crystallised, but exhibits here and there the scaly structure of 
the original tetradymite, and is in reality a psendomorph after the latter, on which it 
forms a coating. It is earthy, soft, dull to waxy in lustre, yellowish to white, and 
opaque. Before the blowpipe it exhibits the reactions of bismuth and of tellurium, 
and gives off water when heated in a tube. 

Genth’s analyses lead to the following results : 



I 

Oxygen 

II 

Oxygen 

Ill 

Oxygen 

Ferric oxide 

. 0*56 

— 

1*26 

— 

0*32 

— 

Lead oxide 

. 0*39 

— 

— 

— 

— 

— 

Cupric oxide 

— 

— 

1*04 

— 

1*08 

— 

Bismuth oxide . 

. 66*78 

6*85 

68*78 

6*29 

71-90 

7*37 

Tellurous oxide . 

. 26-83 

7*30 

25*45 

7*05 

23-90 

6*51 

Water 

. 5*74 

— 

3*47 

— 

2-86 

— 


100*30 


100*00 


100-06 



The oxygen ratio between the bismuth oxide and the tellurous oxide is nearly 
1 : 1, but it is as yet uncertain whether the composition of the mineral is 
Bi202,Te02,H20 or Bi202,Te02,2H20. 

Lead Telluride or Alt ait e, PbTe, occurs at Ked Cloud Mine, and at King’s 
Mountain, Gaston Co. N.C. : at the latter locality in fine-grained quartz, accompanied 
by gold, galena, copper pyrites, fahl-ore, iron pyrites, and a greenish micaceous mineral 
resembling fuchsite, and rarely with nagyagite. One very small cubical piece was 
obtained which consisted partly of galena and partly of altaite, as was evident by the 
colours of the two, though there was no break in the surface of the specimen. At 
Bed Cloud the altaite is found in larger quantities, together with native tellurium, 
sylvanite, pyrites, siderite, and qu-artz. It is sometimes found in small imperfect 
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cubes, usually coated with galena; more rarely in largo cleavable masses: most 
frequently in coarse grains, which sometimes show an imperfect cubical cleavage, and 
a fmcture inclining to conehoidal. It is distinguished from other tellurium ores by 
its tin-white colour, inclining to greenish-yellow. It contains : 


SiO* 

Au 

Ag 

Cu 

Pb 

Zn 

Pe 

Te 

0*19 

0*19 

0*62 

0*06 

60*22 

0*15 

0*48 

37*99 

0*32 

0*16 

0*79 

0-06 

60*53 

0*04 

0*33 

37*51 


Altaite occurs also, mixed with hessito and petzite, in the Stanislaus and Golden 
Eule Mines, California. Two specimens gave : (1) after deduction of 1*03 per cent. ; 
(2) after deduction of 1-96 per cent, quartz : 


Pb Ag Au 

(1) . 60*71 1*17 0-26 

(2) . 47*84 11*30 3*86 


Te 

37*31 = 99*45 

37*00 - 100 


numbers show that (1) consisted of 99*25 per cent, altaite and 2*20 hessite ; 
(2) of 77*42 altaite and 23*11 hessite. 

Tellurides of Silver and Gold. — Hessite and Petzite. Auriferous silver 
tellurite or petzite is the most abundant of all tbe Californian tellurium ores. The 
specimens- from the Stanislaus and Golden Eule mines are destitute of crystalline 
structure, exhibit a distinctly conehoidal fracture, metallic lustre, steel-grey to iron- 
black colour, and iron-black streak; hardness == 2*51, sp. gr. 9-9*4. Analyses gave 
24*80-25*70 per cent, gold, 40'60--42*36 silver, and 31 *64-34 *16 tellurium, agreeing 
with the formula Au"Te,3Ag“Te. They contain, therefore, more gold than the petzite 
or sylvanite of Nagyag, but need not on that account be regarded as a distinct spocio.s, 
inasmuch as gold can replace silver in various proportions. Petzite is niso found 
abundantly in the Eed Cloud Mine at Gold Hill, Boulder Co., Colorado. 

Hessite, Ag-Te, containing little or no gold, is found in the Stanislaus Mine, but 
always mixed with other minerals, viz., native gold, altaite, and quartz. It is 
altogether a rare mineral. Genth obtained one specimen of a dark iron-grey colour 
inclining to black. It was granular, with uneven cleavage, and gave a dark lead-grey 
powder ; soft; sp. gr. 8*178. It contained cavities lined with small crystals of heavy 
spar and pyrites. The dijSerences in external characters between the other varieties 
of hessite are very small ; those rich in gold are brighter and more brittle. 

Analyses : 1 and 2. The pure hessite just described ; 3,4, and 5. Aimf'Tons 
hessite containing from 3*3-13 per cent, gold ; 6 and 7. Petaite containing more than 
24 per cent, gold : 


(1)« 

Te 

37*86 

Au 

0*22 

Ag 

59*91 

Cu 

0-17 

Pb 

C*45 

Fe 

1-35 

Zn 

trace 

Bi 

Quartz 

e=a 

99*96 j 

Sp. gr. 

1 8-178 

(2). 

38‘07 

0*20 

60*19 

0-16 

0*18 

1-20 

trace 

— 

— 

tss. 

100 1 

(3). 

37*60 

3*31 

59-68 

0-05 

— 

0-15 

— 

— 

018 

= 

100*97 j 

I 8-789 

1 

(4). 

36*74 

3*34 

59-83 

0 06 

— 

0-21 

— 

— 

0-13 


100*31! 

(5). 

34-91 

13*09 

50-56 

0-07 

0*17 

0-36 

0-15 

— 

0-70 


100-01 

8*897 

(6). 

33*49 

24*10 

40*73 

trace 

0*26 

0-78 

0-05 

0*41 

0-62 


100*44 

9*010 

(7). 

32-97 

24*69 

40*80 

trace 

— 

1-28 

0-21 

■— 

0-05 


100 

9*020 


For auriferous hessite and petzite the atomic relations are as follows : 


Auriferous hessite 3 and 4 
» 5 

Petzite 6 and 7 


Au 

Ag 

Te 

1 

32-7 

34*3 

1 

7 

8-2 

1 

3-1 

4*2 


Sylvanite or Graphic Tell urium. For this mineral the Eed Cloud Mine 
is the first authenticated locality in the United States. It occurs sometimes massive, 
with very distinct cleavage, sometimes in the well-known graphic forms (v. 647), and 
always very intimately mixed with iron pyrites. 

Analysis : 1-3 by Genth {J. yr. Chem. [2], x. 355) ; 4. Sylvanite from Grand 
View Mine, Colorado, where it occurs imbedded in quartz, and intimately mixed with 
pyrites ; a. Direct result of analysis, the sulphur, however, being calculated from the 
amount of iron as FeS® ; h. After deduction of FeS* : 



Te 

Se 

S 

Au 

Ag 

Ou 

Pb 

Fe 

Zu 

Quartz 


1. 

56-31 

trace 

1*82 

24*83 

13*05 

0*23 

— 

3*28 

0*45 

0*32=. 

100- 

2. 

54-60 

trace 

4*44 

23*06 

11*62 

0*57 

— 

4*84 

0*11 

0*86- 

100 

3. 

68*87 

trace 

1*05 

25*67 

11-92 

0*21 

0-46 

1*17 

0*06 

0-69 = 

100 

4a. 

52*96 

— 

5*62 

26*39 

10*35 

— 

— 

4*45 




99* 

45, 

68*91 

— 

— 

29*35 

11*74 

— 

— 



— ~ 

100 
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Genth’s analyses lead to the following atomic proportions : 



Au 


Te 

(Au,Ag) : 

Te 


1. 

1 

0*96 

6*98 

1 : 

3*6 

* 

2. 

1 

0*91 

7*29 

1 : 

3*8 


3. 

1 

0*84 

6-45 

1 : 

3*5 



Oalaverite. This mineral, from the Keystone and Bed Cloud Mines, has again 
been analysed by Genth {Zeitschr.f. Kryst. ii. 6), with results agreeing nearly with 
those of his former determinations (p. 371), and leading to the formula (j4ulAg4)Te^. 
The materia] obtained from the Keystone and Mount Lion IMjnes formed indistinct 
and unmeasurable crystals belonging either to the rhombic or to the monoclinic 
system, indistinctly cleavable, and having, after deduction of quartz, with which it 
was interpenetrated, a density of 9 •043. Composition : 



Au 

Ag 

Te 

FeO 

XC) 

1 (found). 

38*76 

3*03 

67-32 

0*05 0*30 

0*55 100 

2 (found). 

38*91 

3*08 


not determined 

— 

3 (calc.) 

39*01 

3*06 

57-93 


=: 100 


♦ A1*0% MgO, &c. 


Krennerite. A tellurium mineral from Kagyag in Transylvania, described by 
J. A. Krenner {Ann. Phys. Chem. [2], i. 636), who regards it as chemically and erys- 
tallographically distinct from sylvanite. It has not been analysed quantitatively; 
qualitative analysis detected nothing but tellurium and gold. It occurs implanted 
on quartz in small light steel-grey crystals, generally much weathered, l^he crystals 
are rhombic, and cleave parallel to the basal face. Observed faces, ooPco, cxsfoo, 
OP, 00 P, cof2, oofs, 00 Pf, 00 P2, Pco, f2. Fundamental angles, ooP : ooP- 
86° 20' : 00 P : P oo = 71° 53'. From sylvanite, which Krenner also regards as rhombic, 
it differs by values amounting to 1° in the inclination of the corresponding faces. 

vom Rath (Berk Acad.^Ber. 1877, 292) observed the faces P, P2, |f|, f oo, f oo, 
jf 00 , 00 P, oof 2, 00 f|, 00 Poo, 00 Poo, OP. He also found the angle*" ooP : ooP to 
have the value 86° 30 , nearly the same as that found by Krenner. whence he cal- 
culates the axial ratio a : b : o ^ 0*940706 : 1 : 0*504455. According to Schrauf 
(Zeitschr. Kryst. ii. 209), this ratio is 0*93961 : 1 : 0*50733. 

Coloradoite or Mercuric Telluride, HgTe (Genth, /. Min. 1877, 

949 ; Zeitschr. f. Kryst. ii. 4). This mineral is found, together with tellurium and 
quartz, in the Keystone and Mount Lion Mines, and together with tellurium and gold 
in the Smuggler Mine, Colorado. It is massive, somewhat granular, sometimes 
(especially if mixed with sylvanite) indistinctly cauliform ; does not exhibit either 
crystalline form or cleavability. It is always intimately mixed with tellurium, tellurite, 
gold, sylvanite, quartz, and oxidation-products ; the purest specimens that could be 
obtained had a density of 8-627. 

Analyses. From the Keystone Mine. 6 and 7. From the Smuggler Mine, 

Ballarat District, at a depth of 2*5-3 meters. In these last two analyses, the gold 
and silver have not been deducted, since Genth regards them as essential : 



1 

2 

3 4 

5 

6 

7 

Quartz ) 

Gold S 

. 28*50 (9 46*83 (») 

25-18 (■) 8-46 (') 20-72 (>) 

2-90 (1) 3-05 Q) 
3*46 7*67 

Silver . 

. — 

— 



— 

2*42 

7*18 

Copper . 

— 

— 



— 

trace 

0*16 

Zinc 

— 

— 



— 

» 

0*50 

Iron 

. — 

— 



— 

1*35 

0*92 

Mercury 

Tellurium 

. 56*33 

52*28 

51*48 49*80 

45*63 

55*80 

48*74 

. 43*81 

42*95 

44*25 46*74 

50-05 

36*24 

34*49 

APO^Fe'-^O^ . 

. trace 

2*44 

not determined 

— 

— 

V20« . 

• )» 

0*70 

„ 


— 

— 

MgO . 


0*11 

»» 


— 

— 

CaO . 

. „ 

0*84 

it 


— 

— 

K-0 . 

. 

trace 

It 


— 

— 

Totals . 

. 100*14 

99*32 



__ 

99*27 

99*66 


(’‘) Deducted from the total. 

According to these results, the samples consist of ; 

1 2 3 4 6 6 7 

HgTe . . . 92*38 85*74 84*43 81*67 74*83 91*51 79*93 

Xe . , . 7-76 9*49 11*30 14*87 20*85 — — 
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Material from still greater depths in the Smuggler Mine was found to consist 
merely of native tellurium, mixed with 1*75-2*20 per cent, coloradoite. 

The following crystallographic determinations of native tellurides from Transylvania 
have been made by A. Sehrauf (Zeitschr.f. Kryst. ii. 209 ; Jahrb.f, Min, 1878, 862) : 

SyhioimU'. Monoclinic; alhl c 1*68394 : 1 ; T12653; jB = 90° 25^ Three 
types" are distinguished according as the crystals cross one another at angles of 69° 44', 
65° 8', or 90°. 

Krennerite (White Tellurium, Mullerin, Yellow ore) : rhombic ; h I g ^ 
0*9361 : 1 : 0*50733. 

ISfagyagite (telluride of lead and gold, iv. 1) ; rhombic, or monoclinic, with an axial 
angle 90° dt 1°, but not quadratic ; a:b i c- 0*2807 : 1 ; 0*2761. 

Telluric Silver-glance (Hessite, Petzite), Ag-Te. Monometric. 

Telluric Siher-hlende (Stiitzite): a new species, probably Ag^Te. Monoclinie: 
a\h\ 1*73205 : 1 : 1-26829.; i8=:.89° 33'. 

Tellurium Ochre. — This mineral, hitherto found only in Transylvania (v. 713), 
occurs also in the Keystone, Smuggler, and John- Jay Mines, Boulder County, Colorado, 
in cavities or clefts of native tellurium, sometimes in single crystals, sometimes in 
tufted groups of crystals (probably rhombic), mostly of prismatic habit, sometimes 
acutely pyramidal and cleavable in one direction (G-enth, Jahrb.f. Min. 1878, 74). 

Tellurluzn-compoands, Organic (F, Becker, Liebig's Annalen^ clxxx. 262). 
Tellurium Tartrate, (C®0®)2Te,2G^H‘^0®, is formed on dissolving telliirous oxide 
in tartaric acid, and separates on leaving the filtered solution to evaporate, in long 
pointed transparent crystals, which effloresce on exposure to the air, becoming white 
and opaque. When dried at 100° they have the composition above given. 

Triethyl-tellurium Iodide or lodotriethyUtellurin, (C‘II®)»ToI, is pre- 
pared by heating ethyl telluride, (CUi®)‘-To (ii. 550), with a slight excess of ethyl 
iodide in a reflux apparatus at 50°. It dissolves easily in cold water, and crystallisos 
therefrom by evaporation in a vacuum in light yellow monoclinic plates and prisms, 
easily soluble in alcohol, insoluble in ether. It melts at 90°-92°, and resolidiflos at 
86°. ' Its aqueous solution, digested with recently precipitated silver oxide, yields an 
alkaline liquid, from which a platinum salt may Ije prepared, having the eompoaitiou 
[Te(C2H®)®Cl]2PtCF, whence it follows that the alkaline liquid contains triethyl- 
teilurium hydroxide, Te(C2H®)®OH; this compound, however, like its analogues, 
decomposes on evaporation at the temperature of the water-bath. The platinochlorhle 
may be prepared by mixing crude triethyltellurium chloride in aqueous solution with 
platinic chloride, and separates as an orange-coloured precipitate, insoluble in alcohol 
and ether, slightly soluble in water. 


T£PBROXT£. Manganous Silicate, Mn^SiO^ (v. 254).— This mineral, originally 
obtained from Sparta, New Jersey, has since been found : (1). In the Mine Hill Mine, 
Sussex, New Jersey, interpenetrated by red zinc-ore and pale green willemito Hard- 
ness 5*5. Sp. gr. 400 (Mixter, Sill. Am.J. f2], xlvi. 230). (2). At Laangban in 
Sweden, together *with Jacobsite (Pisani, Compt. rend. Ixxxiv. 1511). (3).' At the 
same locality ; light red ; containing a considerable quantity of magnesia : 


SiO* 

MnO 

ZnO 

FeO 

MgO 

CaO 

Loss by 
ignition 


29*44 

67*31 

7*36 

0*87 

2*50 

2-51 

0*27 

100*26 

31*70 

47*70 

— 

0*80 

9*48 

9*80 

a- 

99*48 

33*70 

51*19 

— 

— 

12-17 

0*95 

0-44 « 

98*45 


^ T£RA.CRir£XC ACXB, (0. Krafft, Ber. x. 521, 1659, 1740) This 

pyroterebie acid, is produced by the action of heat on terpenvlic 
acid, C®H20^^=C02+CJH‘202 (p. 1907). On neutralising the distillate with^an 
aMi, removmg the undissolved portion, acidulating the clear solution with sulphuric 
acid, and distilling, the teracrylic acid passes over with the steam in the form of oily 

at 216°-2l8“ The calcium salt, 
easily soluble, and crystallises in long transparent needles 
which effloresce on exposure to the air. The silv&r salt, C’H^^O^Ag, is obtained bv 
xecrystallisation from hot water in small colourless needles. ^ 

When potassium teracrylate is heated for some time on the water-bath with 
strong potash-ley, the teracrylic acid is converted into an isomeric acid which smells 
faintly of eymene, and forms a calcium salt which crystallises in needles an inch lontr 
and is less soluble in hot than in cold water. The corresponding silver salt has not 
been obtained in the crystalline state. The acid of these salts fused with potash 
yields two acids, one of which is formic acid. * 


T&BSXtnME* See Yttrium-metaIiS. 
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TXSRBBEN'XS. See Tebpenes. 

TEBSSIC ACXB. See Tebpenes. 

TBREPHTKil.XiXC ACXD, or PABAPHTKAXiXC ACXB. See Phthalic 
Acids (p. 1616). 

BTomoterej^hthalic acid, C‘^H®Br(COOH)^, prepared by tbe action of potassium per- 
manganate on bromotoluic acid, C“H^Bi*(CH^)(COOH), in alkaline solution, crystal- 
lises from boiling water or alcohol in microscopic needles melting at 304^-306°. 
Contrary to the usual relations of solubility between aromatic acids and their bromine 
derivatives, it is more readily taken up by solvents than terephthalio acid itself. 
Dried at 100° it retains 1 mol. H^O. Its potassium salt crystallises in silky needles ; 
the copper salt is obtained as a blue crystalline precipitate ; the lead and silver salts 
flocculent precipitates, the last retaining 1-mol. R-0 at 100°. 

Bromoterephthalic acid is decomposed by prolonged fusion with sodium hydroxide, 
yielding sodium phenate, carbonate, and bromide, according to the equation : 

C«H3Br(COOH)2 + 6NaOH = NaOC^H" -h 2Na2CO« + KaBr -f- SH^O; 

but, on adding the brominated acid to the soda in a state of fusion, stirring for a short 
time, and then leaving the liquid to cool, a different action takes place, resulting in 
the formation of hydroxyterephthalie acid : 

CeH3Br(000H)2 4- SNaOH' = NaBr + 2H20 + CsH8(OH)(COONa)2. 

The hydroxy-acid thus produced separates from its hot aqueous solution as a white 
crystalline powder, which does not melt at 330°, and is identical with the hydroxy- 
terephthalic acid already described (p. 1 534). 

Bromoterephthalic Chloride, C®H^Br(COCl)^ is a colourless oily liquid, boding at 
305°. The corresponding amide, C®H®Br(CONH-)', crystallises in colourless needles 
which melt at 270°, and are not dissolved at ordinary temperatures by water, alcohol, 
or ether. 

Methyl Bromoterephthdlate, C®H®Br(COOCH®)2, formed by treating the chloride 
with methyl alcohol, crystallises in needles, melts at 42°, and boils at a temperature 
above 300° (H. Pischli, Ber, xii. 616). 

TSRPBlirss, An examination by W. A. Tilden {Bharm. J. Trans. [3], 

viii. 188) of the terpenes from the volatile oils of turpentine, juniper, savine, sage, 
lavender, orange, bergamot, and lemon, has led to the following conclusions- The 
terpenes, so widely diffused among volatile oils, have but little influence in 

determining their characteristic odours. Natural terpenes are colourless, of sp. gr. 
0*84-0'86, and may be divided into two groups: 1. Turpentine-group. Boiling 
point 156°- 160°. Melting point of the nitroso-derivative produced by the action of 
NOCl, 129°. The members of this group yield solid terpin-hydrates, having the 
composition 2. Orange-oil group. B. p. 174°-176°. M. p. of 

nitroso-derivative, 71°. The members of this group do not yield solid terpin-hydrates. 
The individual members of each group are allotropic modifications of the same hydro- 
carbon, distinguished from one another by their specific rotatory power. 

(1). Terehenthene and Isoterebenthene (J. Eiban, Compt, rend. Ixxviii. 
288 ; Ixxix. 223, 314), Terehenthene is the chief constituent of Drench turpentine 
oil, from Bmtis maritima (v. 920), and is obtained in the pure state by washihg the 
turpentine-oil with an alkaline ley and submitting it to fractional distillation. Iso- 
terehenthene is obtained by heating terehenthene to 300°, and purified by fractional 
distillation and repeated rectification over sodium. It is a Isevogyrate liquid, having 
an orange-like odour, and boiling at 173°-1 77° (corr.) "When exposed to the air it 
quickly absorbs oxygen, and becomes resinous. In an atmosphere of carbon dioxide 
it remains unaltered, but absorbs the gas in considerable quantity. Its hydrochloride, 
0^®H^®,IIC1, is a colourless mobile liquid having a sweetish and not eamphorous odour. 
Tinder ordinary pressure it boils with partial decomposition at 210°, giving off 
hydrogen chloride. Under a pressure of 20 mm. it boils almost without decompo- 
sition, at 1 1 0°. It does not yield any solid product either by cooling, or by spon- 
taneous evaporation, or by distillation in a vacuum, or by treatment with fuming 
nitric acid. It is easily saponified by boiling with water. It is not acted upon by 
alcoholic potash. The dihyd.rochlorid^, C'®H’®,2HCI, obtained by passing hydrogen 
chloride into an ethereal solution of isoterebenthene or of the monohydrochloride, 
forms white crystalline laminse; melts at 49*5°; is converted into terpinol, 
C^“H’®,2H-0, by boiling with aqueous alcohol containing a small quantity of hydro- 
chloric acid ; remains unaltered when boiled with aqueous potash. It forms liquid 
compounds with the monohydrochloride of turpentine -oil, the isomeric solid mono- 
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hydrochlorides of active and inactive campliene, and the hydrochloric ether of borneol. 
Isoterehenthene dibromide is converted by boiling with potash-ley into cymene. 

The following determinations of the physical properties of terebenthene and iso- 
terebenthene have been made by Biban {Compt. rend. Ixxviii. 788; Ixxix. 314), 
Terebenthene boils at 156-5° (corr.) ; isoterehenthene at 175°. The optical rotatory 
power of terebenthene is cu=: —40*32° ; that of isoterehenthene a)= —9*44° at 23°. 

Specific Gravity. 


Temp. 

Terebenthene 

Temp. 

Isotercbenthone 

0° 

0-8767 

0° 

0-8586 

17-88 

0-8619 

20-28 

0-8427 

39-74 

0*8439 

40-19 

0-8273 

59-38 

0*8277 

58'B2 

0-8131 

79*59 

0-8107 

79*24 

0-7964 



100-00 

0-7793 


Indices of Befraction. 


Spectral li^es 

Wave-lengths 
aco. to Thalen 

Terebenthene 
at 16° 

Isotorebenthene 
at 35° 

Bed (Hydrogen) 

0*00065618 

1-4665 

1*4677 

Yellow (Sodium) 

0*00058920 

1*4697 

1*4709 

Green (Magnesium 

0*00051739 

1*4740 

1*4760 

Blue (Magnesium) 

0*00044810 

1-4808 

T4839 


The refractive index of terebenthene for the line D at 25° is T4648. 

On Tetraterebenthene see p. 1917. 

(2) . Tilden {Qhem. Soc. J. [1878], xxxiii. 80) has examined the terponos from 

Bnssian turpentine-oil (from JPnms sylvestris and P. Ledebauri), and from tho needles 
of P. sylvestris. The former, when freed from small quantities of creasoto and acetic 
acid by agitation with soda-ley, yielded by distillation a terpene which boiled at 157°, 
and with the exception of its rotatory power ( + 23*3°) agreed in its properties with 
australene (v. 921). The same oil further contained a considerable quantity of a 
second hydrocarbon, boiling between 171° and 171‘5°, having a density of 

0*86529 at 15°, and a specific rotatoiy power of + 17°, and finally cymcno. The oil 
from the needles of Finns sylvestris contained, in addition to a hydrocarbon identical 
with australene (rot. power +18° 48'), a terpene, agreeing with that above mentioned 
in boiling, point (171°) and density, but Isevogyrate (about —4°), together with a 
small quantity of cymene. 

(3) . Flawitzky (Ber. xi. 1846), by distilling Bussian turpontino-oil with steam 
and rectifying the product, has obtained adextrogyrateterpene having a greater 
rotatory power than that described by Tilden; [a]jj=^ 27*7° at 24*5°; sp, gr. 0*874() 
at0°; 0*862 at 16°; 0*8547 at 24*5°. Dry hydrogen chloride converts it into a 
hydrochloride which melts and sublimes at 127°, boils at 204°, and separates from 
alcohol in large crystals. In alcoholic solution it has rotatory power of [ajj, = -r 24*5° 
and [ab=+30*5°. By nitric acid and alcohol it is converted into a tor pin, 
Q 10 H 162 H 2 O. 

(4) . A terpene agreeing nearly in specific gravity and boiling point with the less 
volatile terpene of Bussian turpentine oil, but optically inactive, is obtained by passing 
steam through a mixture of terpin crystals (76 pts.) and 50 pts. sulphuric acid diluted 
with seven or eight times its bulk of water. The terpene then passes over as an oily 
distillate, which may be purified by boiling it for several hours with a mixture of 1 
vol. sulpWic acid and 2 vol. water, then distilling it fractionally and finally over 
sodium. It boils at 176°-178° and has a density of 0-8526 at 15°. It does not 
appear to be attacked by hydrochloric acid or nitrosyl chloride. When dissolved in 
hydrochloric and mixed with bromine it is converted into a dibromide, which is 
resolved by heat into hydrogen bromide and cymene. By oxidation, this hydro- 
carbon, as well as terpinol, yields, together with other products, para-toluicacid 
(Tilden, Chem. Soc. J. [1878], xxxiii. 250). 

(5) . From the Swedish wood-tar of Finns sylvestris Atterberg (Ber. x. 1202) has 
obtained two terpenes, which he designates as australene and sylvestrone. 
The latter has already been described in this volume (p. 1885). The australene 
agrees very nearly in its physical properties with that obtained from English tur- 
pentine oil (v. 920). B. p. 156*5°-157*5°. Sp. gr. 0-863 1 at 16°. Botatory power 
+ 36-3°. When treated at low temperatures with hydrogen chloride, it yields a” solid 
hydrochloride, which when purified by repeated crystallisation from alcohol, forms 
feathery crystals melting at 131° ; its rotatory power in alcoholic solution is +29*8°. 
It is not attacked by water or by aqueous potash even at 100°, but by hydrogen” 
chloride in ethereal solution it is partly converted into a dihydrochloride. A liquid 
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compound, probably an isomerio hydrochloride, is formed as a bye-product in the pre- 
paration of the solid hydrochloride ; it appears to be less stable than the latter. 

(6) . The terpene of cloy e-oil, after repeated rectification over sodium in a stream 

of hydrogen, boils at 253'9° (corr.), has a density of 0*905 at 15°, and a vapour- 
density = 77: hence its molecular formula is (Church, Chem. Soc. J. 

xxviii. 113). 

(7) Nutmeg-oil yields by fractional distillation a terpene, which boils 

at 163°-164° (corr.), and is converted by oxidation with chromic acid mixture into 
carbonic acid, a volatile acid, probably formic, and a small quantity of terephthalic 
acid, probably due to admixed cymene. Nitric acid converts it into an acid called 
myristisic acid, which, when dried over sulphuric acid, has the composition 
C20jg[26o«6j2H2O, together with oxalic acid, and small quantities of toluic and tere- 
phthalic acids (C. K. A. Wright, Che7n. Soc. J. xxvi. 549). 

On Hesperidene, the terpene of Orange-peel oil, see p. 1028. On the terpene of 
EiLcalyptus oil, p. 761. 

(8) . The terpene of parsley-oil has been examined by E. v. Gerichten {Ber. ix. 
258). It passes over, on rectifying the oil, as a liquid having a very strong odour- of 
parsley, a density of 0*865 at 12°, and boiling at 164°. Eotatory power for yellow 
light in a column 100 mm. long — —30-8°. When treated with str(mg hydrochloric 
acid, it yielded only a very small quantity of a hydrochloride, and attempts to prepare 
a terpin from it were unsuccessful. Iodine converts it into a hydrocarbon which 
yields by oxidation ;p-toluic and _p-phthalic acids, and is therefore probably cymene, 

(9) . A solid hydrocarbon, originally regarded as ethylderpene, is obtained 

by the action of sodium and ethyl iodide on camphor chloride (V. Meyer a. Spitzer, 
Ber, ix. 877), also by the action of sodium alone on the same chloride. When puri- 
fied by distillation and crystallisation from ether it forms a dazzling white crystalline 
mass, having a camphorous odour, melting at 63*5° and boiling at 153°. It volatilises 
very quickly on exposure to the air, and is insoluble in water (V. Meyer a. Petri, Ber, 
X. 990; Spitzer, ibid, 1034). 

(10) . A polymeric terpene has been obtained by Jacobsen {Ber, ix. 257) from 
the portion of coal-tar cumene (purified merely by agitation with soda-ley and distil- 
lation), which is not attacked {i.e. not converted into a sulphonic acid) by sulphuric 
acid. The greater part of this residual liquid distils between 170° and 180°, another 
smaller portion between 300° and 330°. The first portion contains a hydrocarbon 

boiling under 770 mm. pressure at 170°-171°. The polymeric terpene is con- 
tained in the second portion, and may be separated therefrom by fractional distil- 
lation finally over sodium. It is a colourless oily liquid, not miscible in all proportions 
with alcohol, boiling between 320° and 325°, having a density of 0*885 at 22°, and a 
refractive index = 1*5009 for the line D. Its formation is probably due to the poly- 
merising action of the strong sulphuric acid on a lower-boiling terpene contained in 
the crude hydrocarbon. 

Compounds of Terpenes \iritli Nitrosyl Cblorlde, C’®H’®(NO)Cl ; and 
Witrosoterpenes, O^H^®(NO) (Tilden a. Shenstone, Gkem, Soc. J. xzxi. 554). To 
prepare the nitrosochlorides, a solution of a terpene in 3 or 4 vol. chloroform (or vol. 
in the case of terpentine-oil) is saturated at —10° with nitrosyl chloride (p. 1419), 
care being taken to avoid rise of temperature. The reaction is complete when a 
sample of the product gives with alcohol a white crystalline precipitate, which is not 
visibly increased by further action of the nitrosyl chloride. The whole is then stirred 
into three times its volume of methyl alcohol ; the mixture is left to itself for half 
an hour ; and the resulting crystalline precipitate is washed with alcohol and then 
left to dry in the air. In operating on the terpenes of caraway, bergamot, lemon, and 
sweet orange, however, it is better to dissolve them in five or six times their volume 
of methyl alcohol instead of chloroform, keeping the temperature also at — 10°. The 
end of the reaction is then indicated by a slight effervescence. The crude product 
may be purified, if necessary, by solution in chloroform and precipitation with alcohol. 

Australene Nitrosockloride, prepared from American dextrogyrate turpentine-oil 
boiling at 160°-161°, and having a rotatory power [a]B= + 175°, melts with decom- 
position at 103°, and is converted by heating with alcohol and alcoholic potash into a 
nitrosoterpene, which remains on neutralising the alkaline solution 

and evaporating; it melts at 129° (corr.) 

Terehenthene Nitrosochloride, from French laevogyrate turpentine-oil boiling between 
156° and 160°, is very much like the australene compound. The nitrosoterpene 
obtained from it by the action of alcoholic potash likewise resembles nitroso-australene 
in melting point and in optical inactivity, but differs from it slightly in crystalline 
form. 

Of the terpenes from Salvia officinalis (p. 1771), the one which boils at 158°- 160° 
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and has a rotatory power [a]i> - 32‘2°, yields a nitroso-derivative identical with 

that obtained from anstralene ; whereas the other, boiling at 168°-176°, and having 
a rotatory power [a]D== -17*7° does not yield any analogous nitrosochloride, but is 
converted, with etFervescence, into oily products. 

Terpene of Jwiipenis communis, obtained from the portion of the crude oil which 
boils below 160°, and has a rotatory power [a]i 5 ==-l°, yielded a nitroso- 
chloride which was converted by alcoholic potash into anitrosoterpene melting 
at 128*5° and was therefore apparently identical with that prepared from anstralene. 

Inactive terpe7ie, prepared by the action of sulphuric acid either on doxtro- or on 
Igevogyrate turpentine-oil, and boiling at 156°- 159°, did not yield a crystalline nitroso- 
chloride. 

He$peride7ie Nitrosochloride (m. p. 103°), prepared from ‘essence do Portugal,’ 
boiling at 174°-175°, is dextrogyrate, [a]D= + 85*9°, and yields, with alcoholic potash, 
a brown oily product, from which a crystalline nitroso-derivative may bo obtained. 
This latter may, however, he prepared in larger quantity by the action of heat on the 
nitrosochloride itself. Por this purpose the nitrosochloride in portions of 1 gram 
each is fused in test-tubes, and cooled by water immediately after fusion ; the resulting 
honey-like mass, after standing for some hours, is dissolved in alcohol, and the solution 
is left at rest. It then deposits the nitrosohesperidene in flat prisms, which 
melt at 71°, and are much more soluble in alcohol than the isomexdc compounds above 
described. This nitroso-compound is sublimable, but polymerises when converted 
into vapour, so that its * vapour-density cannot be ascertained. That it is isomeric 
and not identical with the nitroso-derivatives of anstralene and terebenthene is shown 
by the fact that it is Isevogyrate ([a]DS= —36*6°), although it is prepared from a 
dextrogyrate terpene. On adding bromine to a solution of nitrosohosperidono in 
chloroform, and evaporating, the compound separates out as a semi- 

crystalline mass. 

Terpene from Oil of Qaravoay, which boils at 178°, and has a rotatory power 
(100 mm.) equal to +11°, forms a nitrosochloride which, when docomposed by heat, 
yields a nitrosoterpene melting at 71°, and identical with that just described. 

Terpene fiom Bergamot-oil, hoiYmg at 176°, and having a rotatory power (100 mm.) 
[a]jj 75*6°, yields a nitrosochloride which melts at 98°, and is thereby con- 
verted into a nitrosoterpene melting at 71°, which, like nitrosohe.sporideno, melts 
at 71° and is Isevogyrate, but differs from that compound and from the nitroso- 
derivative obtained from oil of caraway, in crystallising, not in broad flat prisms, but 
in concentric or parallel groups of very long thin prisms. 

Terpene from Lemon-oil yielded only a small quantity of a nitrosochloride, from 
which no crystalline nitroso-derivative could be %>btainod. The oil of Jmvipen(>s Sabina 
did not yield any derivatives analogous to those above described. 

Products of tlie action of Sulphuric Acid on Terpenes. Devillo (Ann. 
Chim. Bhys. [1840], Ixxv. 37), from an examination of tbo action of sulphuric acid 
upon oil of turpentine, inferred that the turpentine is thereby partly converted into 
‘terebene’(v. 924), an optically inactive liquid hydrocarbon having the same com- 
position and boiling point (about 160°) as the original oil, and partly into co lop he no 
(i. 1086), a polymeric hydrocarbon probably of the formula Kiban in 1 

(Oompt. rend. Ixxvi. 1547) confirmed Deville’s conclusion that tcrebeno was an isomeriae 
of the terpene from which it was prepared, but showed that the properties ascribed to 
it by Deville were not those of a pure substance, but of a mixture containing a con- 
siderable quantity of cymene ; and a similar conclusion was arrived at by Orlowski 
(Ber. vi. 1257), according to whom the product contains more cymene tha,n torebeno. 

Riban’s ‘ terebene ’ remained liquid even at — 27°, and had practically the same 
density, boiling point (156°), and refractive index as the terpene from which it was 
prepared, the only physical difference between them being their behaviour to polarised 
light; but whereas terpene monohydrochloride was found to melt at 131°- 132°, and 
to be decomposed only to a very slight extent on prolonged heating with water at 
100°, ‘ terebene’ monohydrochloride was found to melt at 125°, and to be very rapidly 
and completely decomposed by water at 100°, manifesting in this respect the very 
closest resemblance to the monhydroehloride obtained from inactive eamphene, w'hich, 
however, melts at 145°. Kiban observes also that terebene hydrochloride is decom- 

E osed even by prolonged washing with cold water, yielding solid camphenc and 
ydrochloric acid, whereas when decomposed by water at 100°, it yields liquid 
terebene. 

The action of sulphuric acid on the terperies has been further investigated by 
Armstrong a, Tilden (Cltem. Soc. J. xxxv. 733), w^hose results are summarised as 
follows : 
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1. The action of sulphuric acid on the terpenes varies both according to the con- 
centration of the acid and the temperature at which the action takes place. 

2. The terpenes are most readily deprived of their optical activity by means of 
concentrated acid acting at an elevated temperature. By the action of the same acid 
at about 0°, they are chiefly polymerised, the rotatory power of the portion not 
polymerised being affected only to a comparatively slight extent. 

3. Weak sulphuric acid acts very slowly on the terpenes at ordinaiy temperatures 
(1 vol. H-SO^ to 1 vol. water), and tends chiefly to polymerise them. By its action 
at about 80°, however, they are ultimately rendered optically inactive, a considerable 
proportion remaining unpolymerised. Acids intermediate in concentration between 
that just mentioned and the undiluted acid appear to furnish intermediate results. 

4. The portion of the product of the action of concentrated acid which is volatile 

with steam does not contain, as Deville, Eiban, and Orlowski state, a liquid optically 
inactive isomeride, boiling at about tlie same temperature as the parent terpene, 
neither is cymene the only other constituent of this portion of the product (Eiban, 
Orlowski). So-called terebene, in fact, does not exist, the substance described under 
this name being merely impure optically inactive camphene ; and in the said product 
it is associated with terpilene, the optically inactive liquid isomeride of the terpenes 
which boils at about 178°, also with cymene and a paraffin-like hydrocarbon of the 
formula Terpilene is the chief constituent of the product in question, and 

next in amount is camphene ; the quantity of cymene is relatively smaller, and that 
of the hydrocarbon, still smaller. 

5. The similar product of the action of acid (1 vol. H'SO^ to 1 vol. water) at about 

80° does not appear to contain any camphene, but consists principally of terpilene ; it 
also contains cymene, the hydrocarbon and a certain amount of oxygenated 

substance which is but little, if at all, affected by sodium. 

6. The portion of the product of the action of sulphuric acid of whatever strength, 

which does not volatilise with steam — crude colophene — ^is probably a mixture of 
polymerides of the form When submitted to distillation, it yields a con- 

siderable amount of matter volatile in steam. The product examined by Deville, 
Eiban, and probably by Orlowski, was therefore a mixture of two products. 

7. The steam distillate obtained from colophene prepared by the action of acids 

varying in strength from 2 vol. : 1 vol. water to the concentrated acid, re- 

sembles in composition the volatile product above described (4), but contains a con- 
siderably larger proportion of inactive camphene ; it also contains a small quantity 
of an optically inactive camphol (borneol). 

8. The distillate from the colophene obtained by the action of the acid (1 vol. 
H^SO^ : 1 vol. water) on the terpenes, and that from the colophene derived from 
terpilene, contains a relatively much larger amount of cymene and of the hydrocarbon 
Qio]0[2o the distillate from colophene prepared by means of stronger acid. It is 
doubtful whether it contains camphene. 

9. The amount of distillate obtained from colophene prepared under various 
conditions is subject to considerable variations, the law of which has not yet been 
ascertained. 

10. The small amounts of substances other than those mentioned which are found 
in the volatile product of the action of sulphuric acid, and also in the colophene dis- 
tillate, are probably the result of the decomposition of a product of oxidation formed 
during the prolonged fractional distillation, and in the latter case also during the 
preparation of the colophene. 

11. Probably the best method of preparing pure inactive camphene from the 
terpenes will be to polymerise the terpene completely by means of an excess of con- 
centrated sulphuric acid at an elevated temperature, and having freed the colophene 
from cymene, &c., by steam-distillation, to distil it alone, then to fraction the colophene 
distillate, and treat the fraction coEected at about 156°-160° with hydrochloric acid, 
and afterwards decompose the camphene hydrochloride so formed by means of an 
alcoholic solution of potassium hydroxide. 

12. Inactive camphene is converted into inactive camphor by oxidation with a 
mixture of potassium dichromate and sulphuric acid. This inactive camphor yields 
camphoric acid on oxidation with nitric acid, but the acid prepared in this manner 
has a much higher melting point than ordinary camphoric acid. 

Terpllenes and Camplienes have also been obtained from the following sources : 
( 1). Gr. Bouchardat ( Co7npt. rend. Ixxx. 1446) obtained a terfHene by heating i s o p r e n e, 
(iii. 433), at 280°-290° in sealed tubes from which the air had been displaced 
by carbon dioxide. The product contained a little unaltered isoprene, a hydrocarbon 
boiling between 170°-185°, and higher condensation-products, including a certain 
quantity of the hydrocarbon but chiefly amorphous colophene. Terj)ilmie^ 
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whiah forms the chief constituent of the fraction, passing over from 170"=* to 185°, and 
distils, after rectification, between 176° and 181° has a very strong odour of lemons, 
resembling also that of isoterebenthene. Sp. gr. = 0'866 at 0°, = 0'853 at 21°. It 
quickly absorbs oxygen from the air. On passing hydrogen chloride into its ethereal 
solution, a mixture of two hydrochlorides is formed, which remains as an oil when tho 
ether is evaporated off at 20°-22°. On distilling this mixture under a pressure of 
140 mm., a body passes over at 145°, which has nearly the composition 0‘“H*®,HC1, 
and remains liquid in a freezing mixture ; the temperature then rises quickly to 
17o°-180°, whereupon a slight decomposition begins, attended with evolution of hydro- 
chloric acid ; and, if the distillation be then interrupted, there remains in tho retort a 
substance which solidifies completely in a freezing mixture, and has the composition 
In the surfused state this body may be made to solidify completely by 
dropping into it a small quantity of the dihydrochloride prepared from turpentine oil, 
or of the dihydrochloride of caoutehin (1*736). After pressure and recrystallisation 
from ether, it melts at 49*5°. 

(2) . A ter^ilene, very similar in properties to that just described is obtained in 

like manner from valerylene, After several rectifications, it has a density 

of 0*848 at 0° and 0*836 at 15°, and distils at about 180°. On passing hydrogen 
chloride into its solution in a six-fold volume of ether, a monohydrochloride is formed, 
distilling under a pressure of 20 mm. at 115°-i20°, and a dihydrochloride boiling 
under the same pressure at 125°~140°, and remaining liquid at — 14°. The residue 
contains another dihydrochloride, which cannot be distilled without decomposition 
even in a vacuum, solidifies at —14° after contact with dihydrochloride of citrene, 
and then does not liquefy till heated to 25°. These last compounds give a blue colour 
with ferric chloride. The liquid mono- and di 'hydrochloride treated with alcoholic 
potash, yield terpinol (Bouchardat, Comjpt. rend. Ixxxvii. 654). 

(3) . Camphenes. — The name ‘ campheno,’ originally used as a generic term for 

the hydrocarbons, was restricted by Berthelot to tho solid membm*s which ho 

obtained by the action of certain weak reagents, such as the alkaline sioaratos, on tho 
hydrochlorides of the terpenes (v. 924). They have since been formed, as already 
observed, by tbe action of sulphuric acid on the terpenes, and by other processes. 
The following have been examined by Eiban {Ann, Chiyn. Phys. [5], vi. 353 ; Compt, 
rend. Ixxx. 1307). 

LcBvorotatory Camphene, or Terecamphenej was obtained by Berthelot from tero- 
benthene hydrochloride by the action of potassium stearate. Kiban prepares it by 
heating the hydrochloride with about an equal weight of potassium hy(lrc)xido anti 
three or four times the same' weight of alcohol of 94 per cent, in a closed vcsst'.l for 
seventy-eight hours, treating the product with water, distilling, pressing, and fraction- 
ating. It has a faint taste, melts at 45°-47°, and boils at 156°-157° (corr.) In tho 
fused state it has at 47*7° a density = 0*8481 ; at 58*9° «= 0*8387 ; at 79*9° a 
0*8211 ; and at 977° = 0*8062, gmng for the dilatation-cooUciont tho formula 
I)f==0*1881 — 0*00839zf. The rotatory power of tho camphono in alcoholic sulutiou 
varies with the degree of dilution. Denoting by e tho quantity of alcohol in 100 pts. 
of the solution, the following values are obtained : 


Temp. 

e 

Rotatory power 

13 

62*11 p. c. 

-51*88° 

13 

71*50 

-51*60 

14 

80*30 

-51*37 

14 

90*44 

-50*99 


The rotatory power maybe expressed by the equation [a]D = 53*80 -0*3081c. Tho 
monohydrochloride, is prepared by dissolving 100 pts. of the camphone in 

150 pts. absolute alcohol, and saturating the solution with gaseous hydrogen chloride. 
Rotatory power [ajj, = + 30*25°. It dissociates readily, and must therefore%e sublimed 
in a current of hydrogen chloride; in such an atmosphere it melts at 147°. It is 
decomposed rather slowly by water at ordinary temperatures, completely by heatino* 
for ninety hours with fifty times its weight of water at 100°, the regenerated hydro^ 
carbon being Isevorotatory : [a]jj= —8*5^°. 

Inactive camphene was obtained by Berthelot, together with active camphene, from 
which it could not be separated, by heating terebenthene monohydrochloride with 
sodium benzoate. This statement is confirmed by Riban, who has also prepared 
perfectly inactive camphene by heating terebenthene monochlorido for eighty hours 
with twice its weight of sodium or potassium acetate at 170°, distilling, and washing 
with potash-ley and water to remove acetic acid. Inactive camphone resembles tho 
active modification in all its properties, except the rotatory power. It melts at 470^ 
bofis at 167° (corr.), and yields a monohydrochloride, which is decomposed by water 
and pobish-ley, and melts in an atmosphere of hydrogen ohlorido at 145° (corr.) 
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BomeO’-cam/phene, or Bormene, originally obtained -frora JDryahalanojps Cmivphora 
(i. 626), may be formed artificially from common camphor by treating a solution of 
that substance in toluene with sodium, and the product with carbonic acid, whereby 
borneol is obtained (vii. 206), and heating the latter with fuming hydrochloric acid at 
100®, whereby it is converted into the hydrochloride HOI, which is optically 

inactive, resembles ordinary camphene hydrochloride in its properties, melts in an 
atmosphere of hydrogen chloride at 145°, and is slowly decomposed by water at 
ordinary temperatures, more quickly at 100°, with formation ofborneocamphene. 

Conversely, Isevogyrate camphene from French turpentine-oil can be converted into 
camphor by boiling 100 pts. of it for fifteen or sixteen hours in a reflux apparatus 
with 570 pts. potassium dichromate, 700 sulphuric acid, and 1420 water, acetic acid 
and apparently a small quantity of butyric acid being formed at the same time. The 
camphor thus obtained may be freed from traces of camphene by fractional sublima- 
tion, rejecting the first sublimate, and from higher-boiling oily bodies by solution in 
nitric acid, precipitation with water, and sublimation from lime. When tbns purified 
it exhibits the pungent odour and other properties of ordinary camphor, melts at 172° 
(corr.), and has a Isevorotatory power [a]D= —13*7°, opposite therefore in direction to 
that of ordinary camphor. The camphoric acid formed from it is also Isevogyrate ; 
[a]j 3 =s —6*5°, and melts at 197°-198° (corr.) ; camphoric acid from common camphor 
melts at 187° (corr.) 

TBBPZSia'YX.XO iiCXD, (0. Hempel, Ber. viii. 357). This acid is 

formed by oxidising terpin or turpentine-oil with a quantity of chromic acid not 
sufficient for complete oxidation ; and in like manner, according to Sauer (ibid, x. 
522), from terebene (impure inactive camphene) and the terpene of lemon-oil. It is 
obtained at first in the form of a syrup resembling glycerol, but on leaving its con- 
centrated solution for some time exposed to the air, it solidifies almost completely, 
and is easily obtained pure by pressure and recrystallisation. It is very soluble in 
water, and crystallises therefrom in radiate groups of colourless laminae, having the 
composition + which give off their water in the exsiccator, and crumble 

to a powder melting at 90° (Hempel). It is resolved by heat into carbon dioxide and 
teracrylic acid, C^HW (Hrafft, p. 1900). 

Terpenylic acid is monobasic. Its salts are so soluble that even a tolerably con- 
centrated solution of the ammonium salt forms no precipitate with any of the ordinary 
metals. The silver salt, C®H“0'‘Ag, separates from a hot concentrated solution as a 
white loosely coherent crystalline mass, which does not blacken at 90° or on exposure 
to light. The copper salt, (C®H”0“)2Ga, separates from solution on spontaneous 
evaporation in small well-defined dark-blue crystals. The ethylic ether, which melts 
at 36°-88°, and boils almost without decomposition at about 300°, is not attacked by 
acetyl chloride at 100° : consequently terpenylic acid does not contain any hydroxyl- 
groups. According to its formula it should be the next bomologue of terebic acid, to 
which indeed it exhibits a certain degree of analogy (Hempel). When treated with 
barium hydrate, it is converted into the barium salt of diaterpenylic acid, 
O^H^^BaO®. The ethylic ether of this acid is solid (E. Sauer, Ber. x. 522 ; Krafft, 
ibid. 1660). 

TXSRPIM* and TERPIWOX. (v. 923). Tilden {Chein. Soc. J, xxxiii. 247) pre- 
pares terpin, C^“H^®0, by leaving a mixture of 1 vol. nitric acid (sp. gr. 1*4), 1 vol. 
methyl alcohol, and 2-^ vol. pure turpentine-oil (either French or American) to itself 
for two days, then pouring it into an open dish? and gradually pouring upon it, at 
intervals of two days, small quantities of methyl 'alcohol. Orange terpenes thus 
treated do not yield terpin. Contrary to the statements of former observers, Tilden 
finds that terpinol (prepared by the action of hydrochloric acid upon terpin) boils 
between 205°--215°, and has the composition or Accordingly 

terpin may be represented by the rational formula 0^®H^®(OH)-, and terpinol by 

The latter treated with dry hydrogen chloride yields the di- 
hydrochloride of turpentine oil, C^®H^®,2H01, in crystals which melt at 50°, and are 
converted by sodium ethylate at the “boiling heat into a mixture of the compounds 

(jiogis I and C*°H^®(OC2H®)^. An alcoholic solution of terpinol mixed with 

hydrochloric acid gradually deposits terpin. 

Terpin treated with dilute sulphuric acid (1 pt. H^SO'^ to 7 or 8 pts. water) yields, 
together with a small quantity of terpinol, a terpene apparently identical with one of 
the terpenes obtained from Eussian turpentine-oil (p. 1902). 

TXSTRABBlorZOYXi-BXAlMCXBOPKEIfOXS. See Phenols, Aivnno- (pp. 1522, 
1523). 

TBTRABEHZOYXi-BKOBPHXXrx:. See Morphine (p. 1340). 

6 2 
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TETBABROACACETXC STHER, C^H.'‘Br<02, is formed by the action of 
bromine at 160° on the dibromacetic ether, C'^H^Br^O^, which is obtained by heating 
ethylidene aeetoxychloride, CH’.CH(OCWO)Cl, with bromine at 1()2"-103°. When 
freed from absorbed hydrogen bromide by heating in a stream of carbon dioxide, it 
forms an oily liquid which fumes strongly in the air, and decomposes when distilled. 
It is also decomposed by water and alcohol, yielding products which reduce an 
ammoaiaeal silver solution. Heated with bromine in sealed tubes at 170°, it is con- 
verted into pen tabromacetic ether, C’^H^Br^O^ probably CH-Br.CO.OGBr-.CHBr^, 
which is a liquid, fuming very slightly in the air, and boiling without decomposition 
at 175°-177°. With water it yields a product of decomposition which does not reduce 
ammoniaeal silver-solution. With alcohol it yields 1 mol. monohrom- and 1 mol. 
dibromacetic ether (b. p. 194°), together with hydrogen bromide and traces of bromin- 
ated acetic acid, but no silver-reducing substance. It is different from the penta- 
bromacetic ether obtained by heating ethyl acetate with bromine (p. 11), Heated 
with excess of bromine at a very high temperature, it is converted into hexbrom- 
acetio ether, C^H^BrW, a liquid boiling almost without decomposition at 195°- 
198° (P. Kessel, Ber. xi. 1917). 


TETRABROMAXiIZB.RIM’, C^'^H^Br^O®, is obtained by heating alizarin with 
excess of bromine at 180°, and may he purified by repeatedly crystallising the product 
from glacial acetic acid, in which it dissolves with rust-brown colour. It is nearly 
insoluble in water and in alcohol. In alkalis and in strong sulphuric acid it dissolves 
with dark red to brown-red colour, and the solutions yield brown-red precipitates with 
lime-water, baryta-water, and alcoholic lead acetate. It melts at a high temporn,turo, 
aud sublimes as a light brown deposit, with considerable carbonisation. When Imatod 
with iodine bromide it is decomposed, partially at 200°, completely at 250°, into 
carbon dioxide, perbrometbane, and pontabromobenzeno (Diehl, Bcr, xi. 187). 

TBTRABROMANiliiiNrB, C^HBrMSfH- [1:2:4: C, NH- in 11. See P>mn- 
ZENES, Beomamido- (p. 195). 

TETABROlMCAXfTKRACEBrB TBTRABROMXBB, C^TT«Br‘‘Br» 
(p. 1499). 


TBTRABROMAZOPHBB'OBS. See Piibnoldiaztn'S in the AnuENDA, 


TBTRABROM-BTKABTB or TBTRABROMBTB'SrXiBRrB HYBRXBB, 

C-H^Br^ produced by the action of bromine on dibromosuccinic acid at 170°, is a 
crystalline body, isomeric with acetylene tetrabromide or dibromothylen(^ (Iii}roinide, 
formed by the action of bromine on a saturated solution of ueetyleno in absolute 
ft i. 54-5°, and boils with partial decomposition at 
206 \?hereas acetylene bromide is liquid at ordinary temperatures, and is resolved at 
190° into HBr and tnbromethylene (Bourgoin, Ann. QUm. Bhvs. fol, iii. 4211 • com- 
pare p. 35. L / » 

The same tetrabromethane appears to be formed, together with ol.hor prodtiots, by 
heating ethylidene oxychloride with bromine in sealed tubes till carbonisation takes 
plaee._ The syrupy product is resoked by distillation Into throe portions, the second 
of which, passing oyer between 190° and 240°, has tho composition C'-H-Br ' It is 
insoluble in water, dissolves easily in ether, alcohol, and carbon sulphide, cryrf alliscs 
therefrom in nacreous scales, melts at 52°, and boils at 220° (Kcssol, Her. x. 1067) 


TBTaABROOT.BTHYlACBTYI.BWE, C*H«Br<, obtained by tlio action of 
ethyl-acetylene, CmOH'^.C-CE (produced by tbe action of POP on 
methylethyl ketone, and treatment of the product with alcoholic potanli), is a crystal- 

sulphide, subliming without fusion at 

10d° (Bruylants, Ber. viii. 410). 


bv formed, together with lioxbromethane, 

Bromine to 250°. It boils at 53° (Merz a. 


TETRABROl^-BTHYBENE KYBRXDE, syn. with Teteabkomethane. 

TETRABR01VX.ETHirE OXIBE, 0“H«Br*O«(CH%.0HBr)’^O, obtained by 
saturating ethylidene oxychloride with bromine at 115°-120°, is a faintly-yollowish 
x^T 667)^^’ <iecomposed by water* (Kessel, Bor. 


TETRABROnXOBENZEETES, C^H^Br^ (p. 169). 
TETRABRQIVEOBEE'ZElfESXrEPHOR'XC AGXB, C«HBrbSO*H, Sco 
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T£T:Ba.BROM;OBXrTYRXC ACXB, C^H^Br^O^ (m. p. 120°-130°), is formed, 
together with other products, by heating mucobromie acid, C'^H^Br-O^, with bromine 
and water at 120°-130° (vii. 828). 

TETRABROMOCABROXC AGXB, C®H8Br^O®. Identical with Sorbic 
Tetrabromide (p. 1897). 

TBTRABROMOCARBAZOXi, G'-R^Br^N. A product having nearly this 
composition is formed by the action of bromine on earbazol (vii. 253), either in the .dry 
state or dissolved in carbon sulphide (G-raebe a. Glaser, Liebig’s Annalen, clxiii. 343). 

TETRABROlVXOCATBCaOB or TETRASROMOPYROCATECRXM', 

C^H^Br^O". See p. 1709, 

TBTRABRO^aoCORABBnO'-PHTHAX.EXR', C-oH*‘»Br*0^. See Corallin, 
under Eosaurin (p. 1764). 

TBTRABROlVIOBECAJirB, C*®H.*^Br^, is formed by direct combination of 
bromine with menthene, (iii. 880), and is resolved by heat into hydrogen bro- 
mide and cymene: C*°H^®Br^ = 4HBr + (Beckett a. Wright, i?e^. Br, Assoc. 

1875, [2 Abth.], 38). 

TBTX^BROnXOBIHYDROXYBXPREKTYXiMBTHAR'S, O^^H^Br^O^ is 
formed on adding bromine-water to a hot aqueous solution of dihydroxyphenyl- 
methane, 0H^(C®H^0H)2 [produced by the action of melting potash on the potassium 
salt of diphenylmethanedisulphonic acid (p. 684)], and separates in the form of a 
white precipitate. When purified it forms laminae having a reddish shimmer, soluble 
in alcohol and in ether, insoluble in water, melting at 225°, and decomposing at a 
higher temperature. Its hydrobroinide, C^^H^Br^O^ may be prepared by slowly 
dropping bromine into an ethereal solution of dihydroxydiphenylmethane, and leaving 
the resulting solution to evaporate below 0°. The yellow crystalline masses thus 
obtained decompose on exposure to the air, with separation of hydrogen bromide, and 
dissolve in alcohol with formation of ethyl bromide (C. Beck, Ber. x. 1837). 

TBTRABROMOBIPKBRiYXiAlMlIRrB, NH(C«B:3Br2)2. See Phenvlamines 
(p. 1549). 

TETRABROMORBirORBITB, C‘3H®0‘, resembles the tribromo-derivative 

TEXRABROiaOFIiVOSESCEIir, or EOSIH-, See Fhtualeins 

(p. 1609). Tne following observations on eosin and allied colouring matters have 
been made by Bindschedler a. Busch {^Chem. News, xxxviii. 226). Yellowish Eosin, 
soluble in water {sodiicm-tetrahromojiuo^'escem), is obtained by adding 1*1 kg. bromine, 
with agitation to 1 kg. finely pulverised fiuorescein suspended in ten litres of alcohol ; 
the fiuorescein already partially brominated then passes into solution, and is again 
gradually treated with IT kg. bromine, each drop of which produces a crystalline 
precipitate of tetrabroraofiuorescein. The precipitate is left to settle, separated by 
decantation, and washed, first with alcohol, then with water, till the liquid runs away 
perfectly neutral. The product is then dissolved in caustic soda, and the solution, which 
mustnot have an alkaline reaction, is evaporated to crystallisation, Blimk Eosin, soluble 
in water {sodimi-tetraiodofluorescem'), is obtained by adding the calculated quantity of 
iodine dissolved in alkali to an alkaline solution of fiuorescein, and then adding an 
acid, whereby a crystalline precipitate is formed ; and, on dissolving this precipitate 
in caustic soda and evaporating, the commercial product is obtained. Its aqueous 
solution does not exhibit any sign of fluorescence. Sqfrosin, soluble in water, is a 
sodium salt of nitrated eosin, and is obtained on mixing 9 kg, eosin in alkaline solution 
with 8 kg. sodium nitrate, heating the mixture to the boiling point, and then adding 
15 kg. sulphuric acid of 66° B. The resulting precipitate, which has the colour of 
manganous sulphide, is washed, and dissolved in caustic soda, and the solution is 
evaporated. The colouring matter thus obtained dyes wool of a deeper and more 
bluish-red than eosin, and yields with naphthalene-orange a good substitute for 
cochineal. 

Eosm soluble in alcohol exhibits a greater variety of tints, like those of flowers, 
than eosin soluble in water, and is more permanent. It is obtained by heating 5 kg. 
eosin with 1 5 litres of pure methyl alcohol and 9 kg. sulphuric acid of 66° B. for four 
hours in the water-bath. The resulting methyl-derivative of tetrahromofluorescein is 
purified by pouring it into a large quantity of water, filtering and washing, and is 
sent into the market in the form of a potassium salt. In the dried state it is soluble 
in a mixture of equal parts of water and alcohol, the solution exhibiting a splendid 
lluoruscence. The (?^f^yZ-derivatives prepared in like manner have a somewdiat fainter 
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yeUowish colour. Por farther details see Die Chemische Industrie redigirt wn Dr, 
E. JuGohsen, Berlin, 1878, 370; also Monit, Sdentif. [3], viii. 1169). 

TBTRABBOnCOHTBBOXirBXPERHTBROia'ZC ACXZ>, 

See PrPEBic Aero (p. 1632). 

TBTRABROMOXiBUCROSiSutrRXZr. See Eosaurin (p. 1763). 

TBTX^A.BRO»S;ETBVX.Z*ZitrORSSCBXXr (p. 1909). 

TBTRABROREOB'APRTHOXC ACXBS, C^oH^Br^COOH. See Naphtha- 
LEKB-CABBOXYLIO ACIDS (p. 1360). 

VBTRABROiaOPBBB'iLB'TEREB'B, C^^H^Br^ (p. 1514). 

TBTRil.BROlVCOPBBB'OXi-PBTHAXiBm, C^oH^^Br^O-*, and -PHTKil.Xi- 
ZBBiesr, C20H^‘'Br-*O4 (pp. 1604-1605). 

TETRBBROnXOPXPBRHlTBROB'XC ACXB, See Pipeeig 

Acid (p. 1633). 

TETRB.BROnxORCZljroXtPHTBAXiBZN', formed by ad<BDg 

bromine to a boiling solution of orcinol-phthalein (p. 1612) in glacial acetic acid, is a 
faintly yello^syish crystalline powder, only sparingly soluble in nearly all solvents, but 
dissolving readily and with dark brown colour in dilute alkalis (E. Eischer, Ber. 
vii. 1214)^. 

TBTXtABROXKCOSTRITTBXir, p. 1445. 

TBTRABROMOROSA’ITRXBT, See Eosaurin (p. 1763). 

'XBTBACBTYB-BRAZXXiXBr, C*ejg[io(C=H®0)‘‘Os (p. 348). 

TBTRACBTYI.-COirXFERXB', is obtained by digesting 

coniferin (p. 553) with acetic anhydride at 100°, and precipitating with water, and 
separates as a white crystalline precipitate, which softens at 90°, and melts at 125°~ 
126° to a clear liquid solidifying to a transparent mass on cooling. It is insoluble in 
cold, slightly soluble in hot water, dissolves with moderate facility in cold alcohol and 
ether, very easily in boiling alcohol (Tiemann a. Naganosi Nagai, Ber. viii. 1140). 

TETRACBTYXi-COBBXBrB, C^2jB[®‘’(C-H^O)^N^Oi^. See Codeine, under 
IIORPHINE (p. 1340). 

YBTRACETYB-MORPBXIS’B, (vii. 820). 

TBTBACBTYXi-QYXBAYE, BTHYBXC, C®H’(0C-H’’0)^.C00C2H5. See 
Quinic Acid (p. 1734). 

TBTRACBTYB-SYXiPKOTABrBrXC ACZB, ge^ Tannic 

Acid (p. 1889). 

TBTRACETYZ.-TBTRABROnXO-BXXMXBOPHER’OXi-PHTKAXiBjeia', 

C-^H^^BrWO®. See Phthaleins (p. 1605). 

TETRABtrTYRYXi-lMCORPHXnrE, C3^H:34(C-^H’0)‘^N20« (vii. 820). 

TBTRACHX.ORACBTOIO'E, O^H^CEO. See Acetone (p. 26). 

TBTRACHXiORAXiXZARXBr, is prepared by heating alizarin at 

100° in a sealed tube with antimony pentachloride, boiling the dark brown product 
with acid, dissolving it in soda-ley, precipitating with an acid, and finally dissolving 
it in a mixture of benzene and alcohol, from which it separates in the form of a red- 
brown crystalline powder. It begins to melt at 260°, but is almost entirely carbonised 
at a higher temperature. It is insoluble in water, but dissolves readily in glacial 
acetic acid, benzene, chloroform, carbon sulphide, and hot alcohol. Soda-ley dissolves 
it with brown colour. It does not dye mordants (Diehl, Ber. xi. 187). 

TBTRACHBOBABTXXiXXrBS, C^H^GPN. See Phenylamines (p. 1549). 

TBTRACHXiORAR'FKRACBZrB, C^^H^CP, is formed by the action of 
alcoholic potash oh dichloranthracene dichloride, G^^H®OPCP (Diehl, Ber. xi.. 173). 
See also vi. 179. 

TETRACHXiORAB'THRAQVXBrOR'B, CPH4G1'‘0^ is obtained by heating 
dichloranthraquinone for some time in a sealed tube at 200°-220° with six times its 
weight of antimony pentachloride, and may be separated from adhering trichlor- 
anthraquinone by exhausting the crude product with hot glacial acetic acid, and 
fractional crystallisation, and finally purified by sublimation. It crystallises in yellow 
needles melting without decomposition at 320°-330°, easily soluble in chloroform, 
toluene, carbon sulphide, and boiling glacial acetic acid (Diehl, Ber. xi. 179). 
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TETaaACHILORAZOXYBBWZBNB, | Xq. This compound is 

C«H»C12.N/ 

known in two modifications, one of which is formed by heating [1:3*4] nitro- 
dichlorobenzene, C^.NO-.H.Cl.CLH^ (m. p. 545^), with alcoholic potash, the solution 
on cooling depositing a dark-coloured mass, from which the tetrachlorazoxyhenzene 
may be obtained by washing with cold alcohol and boiling with carbon sulphide, 
which dissolves the azoxy-compound and leaves a brown powder. Pure tetrachlor- 
azoxybenzene crystallises in very smaU light-yellow needles melting at 141*5°; 
soluble in chloroform, benzene, and glacial acetic acid. Strong sulphuric acid dis- 
solves it with red colour (Laubenheimer, B&r, vii. 1600; viii. 1626). 

The second modification, formed by the action of alcoholic potassium hydrosulphide 
on symmetrical or [1 : 3 : 5] dichloronitrobenzene, melts at 171®-172'^ (Beilstein a. 
Kurbatow, Ber. xi. 514). 

TSTBACHBOBOBEX^ZBITBS, (p. 173). The consecutive modifica- 

tion may be obtained from nitrotrichlorobenzene, C®.C1.N0*.C1.H.H.01, by reduction 
and subsequent replacement of the amido-group by chlorine. 

TETBiiCKX.0R0BB»rZ0IC .aCXB, C^HCP.CO^H, is formed by heating 
orthochlorobenzoic acid with six times its weight of antimony pentachloride for three 
or four hours at 230°. Its barium salt, after repeated crystallisation fcom alcohol, 
forms beautiful needles containing (0^HCP02)2Ba + 4H20 (Beilstein, Ber. viii. 435), 

TETBB.CHX.OBOBXXiXBUBXir, See Bile-pigmekts (p. 325). 

TETRACHBOROCABBAZOIi, C'^H^CPN, is formed, together with less 
highly chlorinated products, by passing chlorine into a solution of carbazol in carbon 
sulphide (Graebe a. Glaser, Liebig’s Amakn^ clxiii. 343). 

TBTRACKIiOBOCOtJlVIIARllir, C^H'CPO^, is obtained by passing chlorine 
into a solution of coumarin and iodine in carbon tetrachloride. It crystallises from 
alcohol in white needles melting at 144°-145° (Perkin, Chem. Soc, J. xxv. 37). 

TBTRACHXiOROBXBTHYXi-GI.VCOX., 

C«H“C1S0”- = CCls— 0C1». formed by the action of 

phosphorus pentachloride on the compound of glycol and chloral, is a viscid liquid, 
having a density of 1*73 at 17°, insoluble in water, and decomposing when distilled 
(L, Henry, Ber. vii. 762). 

TBTRACHXiOROBXnXBTHYXiQtrXBrOZ., C«CP(OCH»)2. See Quinol 
(p. 1738). 

TBTRACHBOROBXBHBirYXiARCXBrE, NH(CH8CP)2. See Biphenyl- 
AMINE (pp. 200, 1549). 

TBTRACHXiOROBrAPHTHAZ.Bia'E, (p. 1350). 

TBTRACKX.OROXrXTROBBB'ZBlirB, C«H(N02)CP, crystallising in needles, 
at 20°-22°, is obtained by the action of strong nitric acid on symmetrical tetrachloro- 
benzene, [1 : 2 .* 4 : 5]. It dissolves readily in carbon sulphide, benzene, and hot 
alcohol (Beilstein a. Kurbatow, Ber. ix. 579). 

TBTRACHXkOROPHBKTABrTHREBrE, O^^HsCP. See Phenanthrene 
0?. 1515). 

TBTRACOBBXIO'B, See CoDEmE (vii. 372). 

TETRABYBXXTB. Native Telluride of Bismuth (p. 1897). 

TBTRAHEBRXTBb FaJil-ore. A number of tetrahedrites and other sulphur 
salts from Sweden have been examined by N. Nilson {Zeitsohr, Kryst. i. 417) 

1-5. Tetrahedrite agreeing with the formula 2(4ll2S,Sb2S8) + 4R"S,Sb2S®. This 
mineral was formerly regarded as identical with Svanberg’s aphthonite from Gardgon, 
Wermland (v. 729) ; but Nilson shows that Svanberg’s original analysis of aphthonite 
(No 6), from which he deduced the formula 7ES,Sb2S^ (in which BS must be supposed 
to denote partly CuS in place of Cu^S), agrees equally well with the formula 
2(4Cu2S.Sb2S^) + 4ZnS,Sb2S5, in which 1 Cu is replaced by 1 Lg, and 1 Zn by 1 Fe. 
The values calculated from this formula, Cu^®AgZn®FeSb®S“^ are given under No. 7. 
Nilson further observes that Atterberg’s analysis of a mixture of metallic bismuth 
with a sulphur-salt (No. 8), gives for the latter the formula 3BS,2Bi“S^ in which 
3R = 2Pb + lFe (No. 9), supposing the mineral to contain 36-81 per cent, metallic 
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bismuth. Lastly Nilson reproduces Luudstrom’s analyses (No. 10) of the mineral 
called JBjelhite by Nordeuskiold, the composition of which is represented by the 
formula FePb-Bi-S® = The only other sulphur salts found in Sweden are 

Geocronite, Boulangerite, and Kobellite. 



S 

Sb 

Bi 

Pb 

Fe 

Cu 

Ag 

Zn 



1. 

23*56 

26*85 





0*95 

41*06 

6*16 

0*71 


99*29 

2. 

23*58 

26*96 





0*81 

not det. 

5*78 

0*54 


— 

3. 

23*47 

26*70 

— 



0*83 

35*70 

6*07 

5*42 

= 

08*19 

4. 

24*16 

27*48 



— 

0*79 

36*53 

6*15 

4*73 


99*84 

5. 

22*78 

26*13 





2*84 

36*96 

6*07 

4*72 

= 

99*50 

6. 

30*35 

25*01 

— 

— 

1*82(0 

33*23 

8*12 

6*47 


100 

7. 

29*72 

25*18 

— 

— 

1*92(0 

32*76 

3*71 

6*71 

= 

100 

8. 

10*39 

— 

68*40 

17*90 

1*52 

— 

— 

— 

= 

100*96(-) 

9. 

16-61 

— 

50*50 

28*62 

2*43 

— 

— 

— 

= 

100(0 

10. 

17*83 

— 

39*40 

37*64 

5*13 

— 

— 

— 

ss 

100 

11. 

17*74 

— 

33*82 

38*26 

5*18 

— 

— 

— 

== 

100 

(1) Containing Cobalt. (®) Including 3*15 per cent. Se 

and 1*60 per cent, gangue. 

(®) Including 


JL'84 per cent. Se. 

Fahl-ore from Brixlegg crystallised in rhombic dodecahedrons, 'and imbedded in 
heayy spar, has been analysed (1) by G. Untchj {Jahfb.f. Min. 1873, 80) and (2) by 
F. Becke {Min. Mitth. 1877, 273) with the following results : 


S 

Sb 

As 

Bi 

Cu 

Zn 

Ag 

Fc 

25*59 

20*44 

6*96 

— 

39*37 

4*43 

— 

3*21 = 100 

23*0 

17*0 

11*2 

0*4 

40*2 

3*0 

0*9 

4*2 = 99*9 


Unlike most rhombic-dodecahedral fahl-ores, therefore, it is a mercury fahl-ore. 

The decomposition-produets of the mercury fa hl-o re of Maschellandsberg in 
the Pfalz have been examined by F. Sandberger /. Min. 1872, 646). This 

mineral (sp. gr. 5*095) contains, according to an analysis by Oellacher : 

S As Sb Bi Ca Hg Fe Co Zn Gangue 

21-90 0*31 23*45 1*57 32*19 17*32 1-41 0*23 0*10 1*39 = 99*87 

Hence its proximate constitution may he calculated as : 

As^S=> Sb*S“ Cu=S HgS FeS CoS ZnS 

0*51 32*81 1*93 40*31 20*09 2*22 0*35 0*15 

By decomposition the fahl-ore is converted into a light, lead-grey, porous mass, which 
qualitative analysis shows to consist of Cu-S. The material filling up the cavities 
consists, according to an analysis by E. Prior, of 24*70 per cent. HgS, 46*85 Cu-S, 
1*04 insoluble residue, and 27*41 FeCO^ (determined by difference). The iron- 
carbonate is evidently an accidental admixture, and the ratio of the cinnabar to the 
copper-glance (1 : 2 in the fahl-ore) is scarcely altered by the decomposition (1 : 1*9 
in the product) ; but the sulphur-acids have been removed (probably by barium 
sulphide). The ultimate product of the decomposition is a mixture of malachite, 
stilbite, and cinnabar. 

Antimony fahl-ore, crystallised in tetrahedrons and in crystalline crusts 
3 mm. thick, from a well-shaft at Bourbonne-les -Bains, has been analysed by 
G. Krause {Arch. Bharm. [3], vi. 409) with the following result : 

S Sb As Cu Fe Ni Sn Sp. gi‘. 

'23*44 26*40 trace 43*20 4*00 strong traces = 97*04 5*137 

On the Crystallography of Fahl-ore and its regular intergrowth with Copper- 
pyrites, see Sadebeck {Zeitschr. geol. Ges. xxiv. 173, 427 ; Jahrh. f. Mm. 1873, 801 ; 
further, A^m. Phgs. Ohem. [2], v. 578). 

TETRAKVBROZSOl^EPXDXlir, C^^H-^O. See Lbpibin (p. 1177). 

TXSTRAIOBHVZIROR'SrSXrXiPBOSERZIlIx:, SO-[C«H-F(OH)]2. See 
OXYSULPHOBENZIDE (p. 1475). 

CSHH^O 

TBTRAIODOBXPHXilKrYB BZOXXBXS, [ | , apparently identical with 

CSHSPO 

the compound which Lautemann obtained by the action of alkalis on tri- 

iodosalicylic acid (v. 158), is formed by the action of iodine on phenol in alkaline 
solution. To prepare it, a boiling solution of 300 g. sodium carbonate in a litre of 
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water is mixed with 10 g. phenol and then with 70~7o g. iodine (dissolved in a solu- 
tion containing 45 g. potassium iodide) ; 30 g. more sodium carbonate are added to 
remove excess of iodine; the hot solution is filtered; and the red precipitate is 
washed first with water, then with alcohol, and repeatedly crystallised from carbon 
sulphide, in which it dissolves easily with deep red colour. It is insoluble in ether, 
benzene,' and chloroform. By sodium-amalgam it is converted into di-iodo- 
diquinol, ; by sulphurous acid into tetraiodo-diquinol, 

C®H®P0h!c®H2P0H (Kammerer a. Benzinger, B&r. xi. 357). 

TSTRA-XOBOriLtrORSSCEIir. See p. 1909. 

TETRA-ISOBtTTYIiAlWaiOWltriW: lOBZBB. See Tri-isobutylamine. 

TETRAlWCISTKYli-AliliEMrE, * (0B[*)2C~GiziC(CH3)l is formed by 

the action of alcoholic potash on the chloride C^H*®C1, which is produced by treating 
di-isopropyl hetone or isobut;^one, (CH®)2CH.CO.CH(CH*)-, with phosphorus penta- 
chloride. This hydrocarbon is a liquid having a very disagreeable odour, boiling at 
about 70°, and forming an addition-product with bromine. The chloride, C^H^^Ol, is 
a colourless liquid which boils between 118° and 120°, and has a density of 0*9513 at 
9°. The crude product of the action of phosphorus pentaehloride on isobutyrone also 
contains a dichloride, which, however, is converted during distillation into 

the monochloride (L. Henry, Ber. viii. 400). 

TiSTRAMETHYliATClWCOWlVia, N(CH®)^. According to Eabuteau {Monit. 
sdent, [3], iii. 451), the salts of this base, and those of tetramylammonium, exert a 
poisonous action on the animal organism similar to that of curare. 

The chloride, ]Sr(CH^)‘‘Cl, is formed, together with trimethylamine hydrochloride, 
methylamine, and methyl oxide, by heating sal-ammoniac with excess of methyl 
alcohol (Weith, Ber, viii. 458). * The iodide, well crystallised, has a density of 1*827 
at 17°, and T831 at 19*5° (Clarke, SUL Am, J. [3], xvi. 401). It is perfectly stable 
at high temperatures (Hofmann, Ber, vii. 526). On tetramethylammonium ferro- 
cyanide, Be0y2[(CH^)^NCyP+ ISH^O, see Methyiamtnes (p. 1306). E. Eischer 
{Liebig's Annalen, xc. 184) represents it by the formula FeCy'H-[(GH®)^N]- + 2H20. 

TETltAXVXETH'S'ajBEB’ZEXarES, C^®H^^ = C®H'(CH3)h On symmetrical tetra- 
methylbenzene or durene,*[l : 2 : 4 : 5], see pp. 695, 1444. Another modification, 
distinguished as ^8, is produced by heating a solution of 25 g. monobromomesitylene 
and 40 g. methyl iodide in benzene with 14 g. sodium : hence it must be the unsym- 
metrical modification [1 : 3 .* 4 : 5] : 

Cfi.CH3.H.CH^Br.CH3.H + CH®I 4- Na^ = 0«.CH».H.CH10H3.CH^H + NaBr -t- Hal. 

When purified by fractional distillation over sodium, it is a liquid which has a faint 
pleasant aromatic odour, does not solidify in a freezing mixture, boils at 192°~194° 
(Durene is solid at ordinary temperatures, melts at 79°-80°, boils at 189°-191°). 
Bromine in excess converts it, with violent reaction, into a dibromo-derivative, 
C^®H^^Br^, which dissolves sparingly in cold, much more readily in . boiling alcohol, 
and separates therefrom in shining needles melting at 199° (Jannasch, Ber. viii. 355). 

TETB A1VIETKVX.BX AMXB AZOXVBEK'ZEISJB, C>2H^(CH®)^(N H=)2N20, 
is formed by the action of alcoholic potash on the hydrochloride of nitrosodimethyl- 
aniline, and crystallises in brown shining needles (p. 1309). 

TETRABXETHYZi - BXAZUCXBOBEN'ZOPKEZfOE'E, C0[C®H^N(CH3)‘“]2 
See Ketones (p. 1153). 

TETRAMETBY'X.BZAMXBOTBXPBESnrXinKETHAia'E, 

C®Hs.CH[C«H^H(CH®)2]2. 

This constitution is assigned by 0. Eischer {Ber. xi. 950) to the condensation-product 
formed by the action of zinc chloride on a mixture of benzaldehyde and dimethylaniline 
(p. 1308). The alcoholic solutions of its salts are converted by oxidation into blue- 
green colouring matters. Its hexnitro-derivative forms golden-yellow needles melting 
at 200°. 

TETRAMETHirXiBZPKEM-S'XiCHXiOBBTBAXrE, 

C18H21C1 = CH^Cl— CH[C«H»(CH3)2p, 

is formed by the action of sulphuric acid on a mixture of xylene and dichlorethyl 
oxide, and is converted by dry distillation into tetramethylstilbene, C*®H^®. 

TETRAMETH-7X.ETB7X.EBrE, (CH»)2Czr:C(CH3)2. See Hexylenes 
(p. 1036). 
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TBTStAMETHYlittlBTHAlffBI, C(0H3)^ This pentane is formed by 

the action of sdnc-methyl on tertiary butyl iodide, C(CH®)®I, and on dichloropropane, 
CH».C012 OH® (yii 63, 1037 ; viii. 1499). 

TBTRA»XBTBYZi*ROSAIirXZ.IXirx: HYDROBROMIBXS, 

C20H®(CH®)^N®,4HBr, 

is formed, according to Brunner a. Brandenburg, by the action of bromine on dimethyl- 
aniline (p. 1305). 

TBTRA»ZBTHYXi - RUYXaAIiIiOXi, W(CH®)^0®. See Etjfioallol 
(p. 1768). 

TBTRAlMtBTHYXi-STXBBBn'E, = (CH®)2C®H®.CH— CH.C®H®(CH®)®, 

is formed by the dry distillation of tetramethyl-diphenylchlorethane (p. 1913) ; crys- 
tallises after some time &om the portion of the crude liquid product which boils 
between 325° and 340° ; and may be purified by draining, pressing, and recrystallisa- 
tion from alcohol. It forms shining crystalline spangles, melts at 105°-106°, and 
volatilises without decomposition. It is moderately soluble in boiling alcohol, some- 
what more soluble in ether and in carbon sulphide. When dissolved in either of these 
last two solvents, it unites directly with bromine, the solution after some time deposit- 
ing small shining needles, which are but very slightly soluble in ether or in carbon 
sulphide. 

Together with the solid tetramethylstilbene there is formed a somewhat consider- 
able quantity of a liquid isomeric compound boiling at 335° ; it has not, however, been 
obtained quite free from dissolved stilbene. A solution of bromine in carbon sulphide, 
even when very dilute, is decolorised by this liquid compound, with evolution of 
hydrogen bromide, and after filtering from traces of tetramethyl-stilbene bromide, 
there remains a colourless oil which does not solidify even after prolonged contact 
with the air. 

Xylene prepared from parabromotoluene yields, when treated with dichlorethyl 
oxide and sulphuric acid, a tetramethyldiphenylchlorethane, from whicli, by dry dis- 
tillation, there is obtained a large quantity of a liquid and a small quantity of a solid 
tetramethylstilbene, the latter, however, being not identical but isomeric with that 
above described, inasmuch as it crystallises in shining laminae melting at 1 57°. 

Solid tetramethylstilbene (m. p. 105°-106°), boiled for twenty-four hours with 
dilute nitric acid (1 vol. HNO® of sp. gr. 1*4 and 3 voh water), yields [1:2:4] xylic 
acid (CO'-H in 1), melting at 122°: consequently tetramethylstilbene from coal-tar 
oil consists for the most part of the modification in which the CH-gi’oups occupy the 
position 1, and the methyl-groups the places 2 and 4: 



CH=* 


\. 


CH» 


•CH-CH— 


> 




TBTRAAKORPKmE, is formed by the action of dilute sulphuric 

acid on morphine, fii'st at 100°, and afterwards at 140° (^ui. 821) ; also by the action 
of sodium ethylate on a solution of tetracetylmorphine in benzene (Beckett a. Wright, 
Chem. SoG. J. xxviii. 323). 

TBTRASrAPHTHOI. - HBIMCIAR'HYBRXBX: - PYRO]yi;XSXiX.XTBXC 
ACXB, See Pyeombllitic Acids (vii. 840). 

TBTRAR'XTRO-ARrTKRB.FIiAVOlffB, Ci ‘H^(NO®)'0'‘, is prepared by heat- 
ing 5 g, anthraflavone (p. 107) vdth 150-160 g. nitric acid sp, gr. 1’4 in a reflux 
apparatus till the whole is dissolved, and separates on cooling and dilution with water 
in shining yellow needles which melt at 307*6° (corr.) with explosion and combustion. 
In water, especially when hot, it dissolves readily with yellow colour j in alcohol and 
ether with red colour ; from its yellow alkaline solutions it is precipitated by acids. 
Strong nitric acid converts tetranitro-anthraflavone into a compound whicli is not 
precipitable by water, and crystallises in yellow plates. Tetranitro-anthraflavone 
sometimes remains unaltered in dry air, sometimes turns red on the surface. It 
absorbs dry ammonia gas, forming a light red compound, C^‘‘H*(NO®)^(NH'*)®0 ‘,2NH®, 
which gives off 1 mol. ammonia over calcium chloride, and 2 mol. when heated. 
C‘^H®(NO®)'’(NH'‘)®0^ is a dark-red body which dissolves readily in water, the solution 
when exposed to the air emitting a faint musk-like odour, arising from decomposition 
of the s^t, which takes place with deposition of free tetranitro-anthraflavone. Prom 
the aqueous solution of the ammonium salt, silver jiuoride or nitrate throws down the 
compound C^^H®(NO®)^Ag®0* in slender brownish needles having a silky lustre. With 
sodkm-amalgam, and with tin and hydrcchlorio aoid^ tetranitro-anthraflavone yields 
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ill-defined or easily decomposible compounds. The mother-liquors of the preparation 
of tetranitro-anthrafiavone contain trinitro-hydroxybenzoic acid (F. ScJiardinger, Ber. 
viii. 1487). 

TBTRAWITItO-aZOXyBEiarZEKrB, G12 Hs(N 02)4N20, is formed, mth ener- 
getic action, when diphenylthiocarbamide is added by small portions to fuming nitric 
acid, and on pouring the solution into water, boiling the resulting precipitate with 
alcohol, and crystallising the residue from strong nitric acid, the tetranitro-compound 
separates in yellow crystals (A. Fleischer, Ber, ix, 993). 

TETRAWriTRO - BER'ZyETOXiUEE'E, Ci4Hi«(N02)4. gee Toluene 
(Benzyl-). 

TSTRa.lffZTROCARBB.lO'ZXiXDE, C0[NH.C®H3(N02)2]2 (Losanitsch, Ber, x. 
690; xi. 1539). This compound is formed by the action of nitric acid on thiocarb- 
anilide or dinitrothiocarbanilide. It is insoluble in water, slightly soluble in alcohol 
and ether, and crystallises from solution in hot nitric acid in yellow needles, melting 
at a temperature above 200°. With alkalis it forms red salts, from which it is pre- 
cipitated by acids. When drenched and afterwards boiled with alcoholic potash, it 
yields the potassium salt 0O[NK.C®H®(HO^)^]^, which is red when first prepared, but 
afterwards turns green, and is converted, by contact with water at ordinary tempera- 
tures, into a red compound, at the boiling heat into a yellow precipitate consisting of 
dinitraniline. The potassium salt is decomposed in a similar manner in alcoholic 
solution. Acids also act upon it in like manner, but in this case the greater part of 
the product is reconverted into tetranitrocarbanilide. The potassium salt, when 
heated, decomposes with explosion, formation of hydrocyanic acid, and separation of 
carbon. Tetranitrocarbanilide likewise unites with other bases, but the resulting 
compounds are very unstable, the yellow needles of the calcium salt falling to pieces 
as soon as they are removed from the mother-liquor, and the red ammonium salt 
decomposing when its solution is heated. The action of aqueous potash on tetranitro- 
carbanilide is different from that of alcoholic potash. 

Tetranitrocarbanilide may also be conveniently prepared by the action of hot 
strong nitric acid on diphenyl-guanidine, and on carbaniiide ; but in this case there is 
also formed a small quantity of picric acid, together with a yellow body melting at 
204° , which is found in the last mother-liquors, crystallises in spherical groups of 
needles, and appears to be an isomeride of tetranitrocarbanilide. 

TETRAETXTROCHRXSAZrN', Ci^HXN0-)^0^ See Ohbysazin, under Dioxy- 
ANTHEAQUINONBS (p. 108)^ 

TETRAE'XTROCHRTSOPHAia'ZC ACXB, C^^H«(N02)20^ This compound, 
originally obtained from chrysophanic acid, is also formed by heating chrysarobin 
(p. 462) with nitric acid of sp. gr. 1-4 (Liebermann a. Seidler, Ber, xi. 1603). 

TETRAN’XTROCORAEEXR’PHTHAEEZET, C2‘>H^»(N02)40^. See COBALLIN- 
PHTHALEiN, Under Eosaueen (p. 1764). 

TETRAR'XTRO-;3-BXE*APHTBVETBXCHXiOBETHA»rE, 

C^^H^°(]Sr02)'‘CP. See Naphthalene (p. 1347). 

TETBAErXTROBXPKER'YEAlMEXXSrE, 0^2H7(N0=)4N. See Phenylamines 
(p. 1549). 

Tetranitrodihromodip'henylami'M, C^-H®Br2(N02)'‘N, is produced by the action of 
fuming nitric acid on tribromomethyl-diphenyiamine, and crystallises from glacial acetic 
acid in yellow nacreous laminae or rhombohedral tablets. It does not appear, however, 
to have been obtained pure, as the product examined turned dingy green on exposure 
to the air, and varied in melting point between 235° and 242°. It exhibits acid 
properties (Gnehm, Ber. viii. 925). 

'XETRAirXTBOFEUORESCEXM', C20H®(NO2)'‘O5. See Phthalbins (p. 1608). 

TETBAE-XTROZarAPKTKAEEBTE, (p. 1363). 

TETRAETXXROPHEBrYX. SX7Z.PHXBE, [0«1I»(N02)2]2S, is formed on pass- 
ing hydrogen sulphide into a warm alcoholic solution of chlorodinitrobenzene 
[1:2:4, Cl in 1] (p. 183), mixed with a small quantity of strong ammonia : 

2G6H3C1(N02)2 + 2NH3 -i- H^S = 2NH*01 + 

also by treating the same chlorodinitrobenzene with sulphide or hydrosulphide of 
potassium. It dissolves sparingly in glacial acetic acid, and crystallises therefrom in 
yellow needles melting at 193°. It is nearly insoluble in benzene, alcohol, and carbon 
sulphide. Heated at 120° with fuming nitric acid, it is converted into a sulphone, 
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wMcli crystallises from glacial acetic acid in yellow prisms melting at 240°'-241° 
(Beilstein a. Kiirl)atow, Ber, x. 1993). 

T£TBAXa‘XTBO-OXYStTXiPHOBBZ(rZX3>3S, [0®H2(N02)20H]2S02 (p. 1476). 

TETRAPKEWrYlETHAISrE, « (C«H«)=^HO.CH(C«H5)^ 

or (C®H^)*C.OH-(C^H®). This hydrocarbon is formed : 1. Prom /3-benzpinacolin 
(p. 1629) by the action of hydriodie acid and phosphorus (Thdrner a. Zincke, Ber. 
xi. 65) : 

(C8Hs)3C.C0.C«Hs + 2H2 = H^O + (C‘*H5)3C.CH^(C«H0. 

2. In like manner fi?om benzpinacone (p. 1628) (Graebe, Ber. viii. 1054) : 

(C«H5)2(HO)aC(OH)(G6Hs)2 + 2H2 = 2H20 + (O«H0^CH.CH(C«H5)2 ; 
or 

(C«H5)2(0«HS0)0.CH(0H)(C«HS) + 2H* = 2H20 + (C^H^^O.CH’CCW). 

3. By the action of finely divided copper on thiobenzpinaeone, 

(C«H5)2(HS)C.C(SH)(C«H*)2, 

in alcoholic solution (Engler, Ber. xi, 922). 

4. By heating benzophenone (diphenyl ketene) with zinc-dust (Staedel, Liehig's 
Annalen^ cxciv. 307) : 

2(C«Hs.CO.CfiH5) + 3H2 « 2H20 + (C'*H'^)2CH.CH(C®)2. 

0 . By the action of copper on thiobenzophenone, 0®H®.C!S.C®H®. This method is 
well adapted for preparing large quantities of tetraphenylethane. The thiobenzo- 
phenone is dissolved to saturation in boiling alcohol, and the solution is boiled 
for several hours in a reflux apparatus with copper precipitated by zinc ; or the tliio- 
phenone may be mixed with several times its weight of copper, and the mixture 
distilled from a retort (C. Engler, Ber. xi. 926). 

^ 6. By the action of sodium on diphenylchloromethane, 0HC1(0'’H^)'-*, the materials 
being boiled together in a reflux apparatus for four hours (Engler). 

7. By the action of zinc and strong hydrochloric acid on diphenylcarbinol, 
C®H®.CH0H.0®H^ dissolved in glacial acetic acid at the boiling heat (Zagoumeny, 
Liebig's Annalen, clxxxiv. 174). 

Most of the above reactions are in favour of the symmetrical formula of tetra- 
phenylethane ; its formation from yS-henzpinaeolin, on the other hand, is in favour of 
the unsymmetrical formula ; while the formation from benzpinacone affords no decisive 
evidence in favour of either formula, since the constitution of beuzpiiiacoue itself is 
still uncertain (p. 1628), 

Tetraphenylethane dissolves readily in carbon sulphide and in chloroform, from 
the latter of which it crystallises remarkably well. 

Tetranitrodi^heoiylethane, is obtained by treating the hydrocarbon 

with nitric acid at ordinary temperatures ; it dissolves in aniline, and separates there- 
from in ciystals. It is converted by reduction into an amido-compoiind. Tetmg'henyl- 
etkane-sulfphonic acid, is formed from the hydrocarbon by heating with 

ordinary strong sulphuric acid, and separates from alcoholic solution in crystals. Its 
barium salt, C‘®H^®(SO®)^Ba2 is an easily soluble crystalline mass. The phenol, 
C“«H^8(0B:)'‘, is produced from the sulphonic acid by fusion with potash. When 
decolorised by animal charcoal, and crystallised from alcohol, to which water is added 
till the solution becomes turbid, it forms slightly coloured laminge melting at 248° 
(Lauenstein a. Kloz, Ber. xi. 929). 

TETX^PHEBrYI,ETHVI.BlsrE, =« 02(C«H5)4. This hydrocarbon, which 
Behr obtained by the action of finely divided silver on diphenylketonic chloride, 
C®H®.CC12 C®H® (vii. 1150), is also produced by reduction of benzophenone with zinc- 
dust (Staedel, Ber. vi. 178 ; Liebig's Annalen, cxciv. 307), and by the action of a strouf^ 
heat on diphenylmonochlorethane : 2(C«H^)2CH:C1 « 2HC1 + (Engler ^ 

(C‘'H®)2Cv 

Bethge, Liebig's Annalen, elxxiv. 194). It melts at 221°. Its oxide, | >0, is 

(C«H")2C/ 

probably identical with a-benzpinacolin (p. 1629) (Thorner a. Zincke, Ber. xi. 1396). 

TETRAPHEWYEGUAWIBIETE, CH(C«H5)^N^ See Guanidiite (p. 90S). 

TET»AI»HEWYElVi:El.AMIlIE,G2’H22Ne = CW(C«HS)W (A. W. Hofmaim, 
Ber. vii. 1736). This compound is obtained by heating diphenylguanidine for several 
hours at 170°-180° : 

30H\0«H®)2N3 « + 2C«H'‘NH2 + NH^ 
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The hard cake resulting from the reaction is dissolved in alcohol, and the solution is 
either evaporated or precipitated with water. The body obtained in either way 
gradually solidifies, but often only after a considerable time ; the solidification may, 
however, be accelerated by heating, solution in alcohol, and reprecipitation with 
water, or by solution in hydrochloric acid, and precipitation by an alkali ; and by 
repeatedly crystallising the crude crystalline mass from alcohol, the tetraphenyl- 
melamine is obtained in felted needles slightly soluble in ether, insoluble in water, 
melting at 217°. The hydrochloride of this base forms elongated rhombic prisms ; 
the platinochloridc rhombic needles ; the nitrate slender needles. Tetraphenylmelamine 
is not altered by boiling with hydrochloric acid, whereas triphenylmelamine is easily 
decomposed thereby, taking up water and forming ammonia and phenyl eyanurate. 

TETItAPKEIsrYI.MBTHASirE, C(C®H*)S is formed, with evolution of 
hydrogen chloride, when a mixture of benzene and carbon tetrachloride is heated 
with aluminium chloride, zinc chloride, or ferric chloride: 4C®H® + GC1^~4HC1 + 
C(C^K^y (Friedel a. Craft, J.pr. Cheni. [2], xvi. 233). 

TETRAPKEETYZiPBOSPHOTRXSXriiPKXDE, P=S3(C8H;s)S is formed, 
together with isophosphophenyl sulphide (p. 1575), by the action of dry hydrogen 
sulphide on phosphenyl dichloride (p. 1576)- 

TETRAPKEBlTZi-TETBAZOXrE, (C®H:8)“]Sr~Nzi:N~N(C8H:8)2 is formed by 
oxidation of diphenylhydrazine with mercuric oxide at ordinary temperatures and in 
dilute solution (see Hydeaztnes, p. 1059). 

TETRAPI.ATIXarOSUliPHOPX.ATIJrATXS, Pt^S®, and TETRA - 
PEATIErosUEPHOSTAXTirATE, Pt‘*SnS®. See Sulphides (pp. 1847, 1848). 

TETRAPOTETRAMORPHINE, = 4C3‘H8®N208 - 4H*0, is 

formed by heating codeine with hydrochloric acid at 100° (vii, 375). 

TETRAPROPYEARSOWXXnvi XOBXEE, As(C^H’')'‘I. When propyl iodide 
is heated -with arsenic at 17o°-l 85° for twenty-four to thirty hours, a brown-red liquid 
is formed, which solidifies in the cold to reddish-brown crystals having the composi- 
tion AsI8,As(C8H^)^I. This compound is decomposed by boiling concentrated potash- 
ley, with separation of an oil, and, after the excess of potash has been saturated with 
carbonic acid, absolute alcohol extracts from the product, tetrapropylarsonium iodide. 
The solution of this salt dissolves iodine when heated, giving rise to a irn'todidcy which 
separates on cooling in blackish-brown crystals having a metallic lustre. On dis- 
tilling the compound AsP,As(0^H^)‘I with potash, trvjpro^pylarsim, As(C8H^)8, passes 
over as a very fetid ‘liquid, which unites directly with iodides of alcohol-radicles 
(Cahours, Comj^t. rend, Ixxvi. 1383). 

TETRAPROPTTEPHOSPHOlffXE'M ZOEXX>E, PcG^H^)'*!. See Phosphines 
(vii. 955). 

TETRATEREBEiarTKElS'E, is formed by the action of antimony tri- 

chloride on terebenthene. It is an amorphous brittle solid resembling colophony, of 
faint yellow colour, almost insoluble in alcohol, soluble in ether, carbon sulphide, 
petroleum, and turpentine oil, and remains on evaporating the solvent in the form of 
a yellow varnish. It is dextrogyrate ; ay= -h 20°. Sp. gr. at 0° = 0-977- It softens 
at about 1 00°, and begins to decompose at an incipient red heat, yielding a terpene, 
Qiogie^ boiling at 176°, eolophene, and other high-hoiling products soluble in 

alcohol. Pulverised tetraterebenthene absorbs oxygen from the air, especially when 
heated, but does not produce an acid. It absorbs dry hydrogen chloride, forming 
(;j4ojjfl4,2Cl, and when hydrogen chloride or bromide is passed into its ethereal solution, 
the compound C''8H8‘^,2RC1 or C‘^"H®^,2HBr is produced. The dihydrochloride remains 
on evaporating the ether, and heating the residue in a vacuum at 100°, as a brittle 
easily &iable mass (Riban, Comjyt. rend. Ixxix. 389). 

TETRATKXOBXC ACXE, See Sulphur, Acids of (p. 1882). 

TETRATHXOPHOSPKATE, TRXPKE1»"YX.XC, PS(SG8H;8)3. See Phos- 
phoric Ethers (p. 1603). 

TETRATOE-lTEnXEEAlVXXBE, C'*H2(G'H')'‘N8 is prepared, like the corre- 
sponding phenyl- compound, by the action of heat on ditolylgnanidine, and is obt-ained 
as a resin which slowly acquires a crystalline structure. Its hydrochloride crystallisc's 
in concentric groups of slender needles (Hofmann, Ber, vii. 1736). 

TETRETHYZ. - CARBAMIDE, N(C-H8)2.CO.N(C“H8)2. See Caebamides 
( p. 390). 
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TEl?aBTHyii-»lAiaiBOBEia*ZOBHBTrOWrB, CO[C«H^]S:(C6H5)2]2. See 
Ketones (p. 1154). 

TETBETH’Srii-TBTRAZON’B, (02Hs)-N.]Sr=:N.N(C2H‘^)2. See Hyeeazinrs 

(p. 1062). 

TBTBXC ACXB AXTB XTS BOMOXiOGBES (Demar^ay, Com'pt, rend.. 
Ixxxiii. 449 ; Ixxxvi. 1085 ; Ixxxvii. 351 ; Isxxviii. 126, 289 ; Soo. Ohim, [2], 
xsvil. 483 ; xxxiii. 516, 575; xxxiy. 31 ; Chem, Boo. J. xxxv. 457-460 ; sxxvii. 625). 
These acids, represented by the general formula C”H2°~‘‘02, are formed by the suc- 
cessive action of bromine and alcoholic potash on the ethylic ethers of aceto-acetic 
acid and its homologues : see Heptic Acid (p. 1020). In the free state they have the 
composition 3C“H2“"'‘02-{-H20 or and this triple mole,cule may exist in 

their salts, barium heptate, for example, having the composition C^'H^^BaO’’ ; but it 
is broken up by the more powerful reagents, such as bromine, phosphorus pentachio- 
ride, &c. 

Tetrio aoid, _ 3042402 + H^O, is a colourless body crystallising from 

its aqueous solution in triclinic prisms. It is sparingly soluble in cold water, readily 
in hot water and in alcohol, ether, and a hot mixture of chloroform and . alcohol, but 
insoluble in chloroform alone. It melts at 189°, and, like its homologues, gives a 
violet-red colour with ferric chloride. 

On Pentic^ and Hexic adds, see pp. 1020, 1499, 1501. 

These acids are decomposed by strong aqueous potash at 150°, yielding formic 
acid and a higher acid of the fatty series ; tetric acid, for example, yielding formic 
and propionic acids : 

. + 2KOH ,= CHK02 4- C^H^KO^. 

They are said to form remarkable salts, in which the radicle C'^O®, &e., acts 
like silica, several molecules uniting with one or more molecules of a base. With fuming 
nitric acid, they yield nitro-derivatives. In sulphuric acid they dissolve without 
decomposition even at 100°. When treated with chlorine or* bromine, they form 
additive compounds which are not decomposed by water. Nascent hydrogen does not 
act upon them. 

By the action of phosphorus pentachloride on tetric acid, an oily chlorinated pro- 
duct is obtained according to the equation (SC'^O^ + H^O) -i- 4PCP = 2H01 + 4PCPO 4- 
3C'‘H'^Cl-0. The oil may be separated from the other products by treatment with 
water, in which it is insoluble. It has a faint aromatic odour, boils at 17l°-172° 
with slight decomposition, and ha.s a density of 1*471 at 10°, It unites readily with 
bromine or chlorine, forming the compounds 0-‘H‘‘Cl"Br“0, m. p. 67°~67*5°, and 
C^H^CPO, m. p. 48°-48*5°. These are crystalline bodies, which are not decomposed 
by water, alcohol, ammonia, or potash, and probably consist of chlorobromo- and 
tetrachloro-ketones. Fuming nitric acid dissolves the compound C ^H’Cl-O, forming a 
nitro-acid. Sulphuric acid dissolves it with purple colour. 

The homologues of tetric acid form analogous compounds, resembling C‘H‘*CPO in 
their chemical and physical properties. C®H‘'‘C120 boils at 189°-192°, decomposing 
at the same time. Its homologues are not volatile without decomposition. 

Kydroxytetric Acid and its Homologues, 3C“H2°“'‘0®4- 
These acids, also called tetrenic, pentenio acid, &c., are formed by acting on the ethylic 
ethers of aceto-acetic acids with 2 mols. bromine, and treating the products with 
alcoholic potash (pp. 1020, 1499, 1501). 

Bydrooyytetno add, 30^H‘‘03 4 - H^O (m. p. 203°-204°), crystallises from boiling 
water in small roxmded masses formed of minute needles. It is very soluble in boiling 
water, alcohol, and ether, but is insoluble in chloroform, as are also its homologues. 

Hydroxypentio acid, 3C^H®0®4*H“0 (m. p. 193°), behaves with boiling water like 
the preceding, hut is less soluble in cold water, and its crystalline form is different. 

Hydroxyhexio add, 3C®H®0^4-H20 (m. p. 173°-174°), derived from ethylic propyl- 
acetoaeetate, separates from its solution in boiling water in very small nacreous 
plates. 

Xsohydfroxyhexio add (m. p. 186°-187°), derived, in like manner, from ethylic 
isopropylacetoacetate, separates from alcoholic solution in fine monoclinic crystals. 

All these acids easily decompose carbonates. Their salts correspond with the 
formula (for hydroxytetric acid) 3C‘*H®MO® 4- M^O, and are generally well crystallised. 
The copper and silver salts are but slightly soluble in water. 

The acids are easily converted into ethereal salts by treatment with alcohol at 
150°. Nascent hydrogen is fixed by them thus : (3C^H'‘0® 4- 3H^O) 4- 4 - 

SH^O. The hydro-JiydroscytetTio acid thus obtained (m. p. 111°), crystallises easily in 
indistinct masses, and is very soluble in water, alcohol, and ether. Its homologues 
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are less and less soluble in cold water. These bodies on treatment with alcohol at 
150° are converted into ethereal salts having a faint and agreeable odour. 

Phosphorus pentaehloride acts on hydroxytetric acid and its homologues, in the 
manner shown by the equation + H^O) + 7POP = 7POCP + 5HC1 + SC^H^CPO. 

The chlorinated oils from the higher homologues are attacked by water with 
difficulty, but hydroxytetric chloride is easily attacked by cold water. These chlorides 
cannot be distilled at the ordinary pressure without decomposition. They react with 
alcohol in two stages, the first being represented by C^BPCPO + = 2HC1 + 

‘This reaction takes place on dissolving the chloride in a large 
excess of cold alcohol ; if ammonia be then added, the following reaction occurs : 
C^H^GIO(OC-H^)^ + = HCl + C‘‘H.®(NH2)0(0C-H®)2 This amidated ethereal salt 

crystallises easily in large satiny needles, slightly soluble in cold water. 

The second stage of the action of alcohol on these chlorides is represented by 
the equation C^HSCIOCOC'H^)^ + HOC^H^ = G^H«0(0C2H-^)3 + HGl; and if the 
alcohol contains water, the following reaction also occurs : G‘‘E[^OCl(OC'^H^)^ + H^O = 
C'‘H®0(H0)(0C^H®)- + H0i. This last ethereal salt is also produced in a state of 
purity by prolonged boiling of the amidated ethereal salt with water. 

These ethers, when treated with aqueous ammonia, ultimately yield an amide, 
which is also obtained as the final product of the action of aqueous ammonia on the 
chloride of the corresponding acid, e.g , : 

SC^H^GPO + 2WO + 5NH3 ^ 9 HGI + C^2B[9(KB[2)505. 

The body thus produced is the true amide of hydroxytetric acid. 

TE'CTCRXK', A glucoside obtained fcom Teuerium /mticans, a Sicilian 

plant used as a remedy for intermittent fever. Nitric acid converts it into a crys- 
tallised acid having the composition G®JB[®0^ (Oglialoro, chim, ital. viii. 440). 

THAXiXtBlO'B. A solid hydrocarbon, isomeric with anthracene, obtained from 
the last products which pass over in the distillation of American petroleum. It is 
distinguished by a splendid green fluorescence, and when illuminated by violet and 
ultra-violet light, exhibits a fluorescence-spectrum containing light green bands 
(S. Morton, OJzm. News, xxvi. 199, 272; xxxiv. 18 i\ThU. Mag. [4], xlvi. 89; Chem. 
80 c. J. xxvi. 235; xxvii. 14 ; xxxii. 422; Jahresb.f. Che^i. 1872, 150 ; 1873, 158). 

THAl^XiZITM. Atomic Weight 203*642 (Grookes). 

Occurrence . — Thallium is found in the form of an alum on the island of Vulcano 
(see IVIiNERALS, p. 1331). 

Preparation. —A method of separating thallium from the flue-dust of pyrites- 
burners, depending on the formation of thallium-alum, is described by P. Stolba 
{Ber. d. Kbnigl. Gesellsch. d. Wissenschaften, Nov. 7, 1873). The flue-dust is 
first separated from extraneous matters by passing it through a coarse sieve, and then 
boiling it with water acidified with sulphuric acid. The pasty mixture is thrown on a 
large filter, and after the dropping has ceased, hot water is added with vigorous 
stirring. The wash-water serves, after acidification, for lixiviating a fresh portion. 
The first tolerably concentrated filtrate is evaporated to the crystallising point in very 
shallow basins, when, on cooling, large beautiful reddish crystals of thallium- 
aluminium-iron alum are formed. The mother-liquors, after addition of aluminium 
sulphate, and one more evaporation, yield a small quantity of mixed alums. The last 
mother-liquors, with the washings of the crystals precipitated by crude hydrochloric 
acid, deposit a very small quantity of thallium chloride. The crude thallium-alum 
crystals are twice crystallised from an aqueous solution acidified with sulphuric acid, 
whereby a pure alum is obtained, yielding pure metallic thallium when treated -with 
zinc and dilute sulphuric acid, and pure thallium chloride on treatment with hydro- 
chloric acid. Grxide thallium chloride may also be first prepared, converted by sulphuric 
acid into sulphate, and then by means of aluminium sulphate into thallium alum, 
which is purified by recrystallisation. The first-named method is, however, the more 
convenient, the decomposition of the chloride by sulphuric acid being troublesome. 
The thallium alum is much more readily soluble in hot than in cold water : hence the 
advantage gained by the conversion of the much less soluble thaUious sulphate into 
the corresponding alum. 

Another method of preparation is described by JR. Nietzki {Bingl. pol. J. ccxix. 
262). The thallious chloride obtained from the flue-dust by precipitation with hydro- 
chloric acid is mixed with acidulated water, and a few strips of zinc are immersed in 
the liquid, whereby, in the course of a few days, the entire quantity of thallious 
chloride is converted into a muddy deposit of metallic thallium, which is then washed 
and dissolved in dilute sulphuric acid. From this solution, pure thallious sulphate 
may be obtained by crystallisation, and this salt, when decomposed by the electric 
current, yields pure thallium. 
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Heat cf Solution of Tkallmtn-compounds.—Tlib following determinations have been 
made by Thomsen Chem. [2], xix. 13) : 

G-rm. deg. G-rm. deg. 

(TlCl,Aq) - ” 10100 , TPO,Aq - “ 3080 

(TlBr,Aq) - - 13750 TPSAq - ~ 33770 

(TlI,Aq) - - 17850 

Reactions. — 1. Thallious chloride is very easily converted into by 

adding it to fused sodinm-hydrogen sulphate, or to a solution of sodium sulphate of 
3°-5° 3. From the resulting solution, after slight acidulation, the thallium may be 
precipitated in the metallic state by zinc (Krause, Dingl. ^ol. J. ccxvii. 323). 

2. ^f^en thallic oxide, TPO®, is mixed with about an eighth of its weight of 
stannic sulphide prepared in the dry way (mosaic gold), a mixture is obtained which, 
when rubbed with moderate force, or touched by an electric spark, takes fire and 
bums quickly without detonation (Bottger, H. Eep. Pharm. xxiv. 243). 

3. According to Schone {Bull, Soc. Chim. [2], xxix. 538), hydrogen dioxide, either 
liquid or gaseous, converts thallious oxide into a brown oxide insoluble in water. 
Consequently the brown coloration of an ozonoscope impregnated with thallium cannot 
be regarded as a proof of the presence of ozone, since former experiments of Schone 
have shown that hydrogen dioxide is always present in the air. 

Blowpipe Eeaction , — ^Thallium salts, fused with borax and phosphorus salt, form 
colourless glasses, which become grey and opaque when heated for a short time in the 
reducing flame (E. J. Chapman, Phil, Mag. [5], ii. 397). 

Estimation . — According to Phipson {Compt, rend. Ixxviii. 563), thallium cannot be 
exactly estimated in the form of a thaUic compound, but must first be reduced to the 
thallious form. For this purpose the solution of a thalliferous mineral in aqua regia 
is treated, after sufficient dilution, with hydrogen sulphide ; the filtrate is heated to 
boiling, as far as possible out of contact with the air, to expel the excess of the re- 
agent ; then mixed with a slight excess of sodium carbonate, and quickly filtered ; and 
the filtrate is treated with ammonium sulphide, which precipitates the thallium com- 
pletely as thallious sulphide. 

Kietzld {Zeitschr, anal. Chem. 1877, 422) estimates thallium by means of the 
insolubility of thallious iodide in a concentrated solution of potassium iodide. From 
dilute solutions the thallium is first precipitated by potassium iodide ; the px’ecipitate 
is collected on a filter, and treated with sulphuric acid till the whole of the iodine is 
expelled ; and the concentrated solution thus obtained is titrated. 

On the separation of Thallium from Vanadium, see Vanadium. 

Tliallious Chloride, TlCl. Carnelley a. ‘Williams, by the method already 
described (p. 941), found that this compound boils between 719° and 731°. At a 
lower temperature it melts to a pale yellow liquid, changing to chorry-red, and finally 
again to yellow. 

The vapour-density was found by Roscoe {Proe. Boy. Soc. xxvii. 426) to be between 
7'4 and 8*75, the calculated value for TlCl being 8‘49. 

Iodides. Thallious Iodide, Til, boils, with slight decomposition, at 806°-814° 
(Carnelley a. Williams). 

The following observations on the iodides of thallium have been made by Th. 
Knosel {Ber. vii. 576, 893). When yellow thallious iodide (v. 751), precipitated from 
a hot solution, is suspended in the liquid and exposed to direct sunshine, it turns green 
without change 'of composition, the yellow colour being, however, restored by various 
reagents, eg. iodine-warer or potassium iodide. The dry green substance, when 
heated, first turns yellow, then at a higher temperature orange-red, and by fusion and 
sublimation red transparent granules are obtained, which after some time become 
yellow. By contact with iodine, the green compound is converted into a black iodide 
containing, according to Knosel’s analysis, 54*455 per cent, thallium, whence he 
deduces the formula TPP. This, however, requires 51*71 per cent, thallium, and the 
experimental number agrees much better with Jorgensen’s thallosothalUo iodide, TPI'* 
(v. 1151), which requires 54*6 per cent. 

Thallium Cyanides. See Cyanides (p. 611); on Thallious Platinocyanide, 

p. 616. 

Thallium-ethyl Sulphide, or Thallium MCercaptide, Ti.S.C^H®, is formed 
on agitating a solution of thallium carbonate with mercaptan, as a yellow curdy pre- 
cipitate which dissolves in water with alkaline reaction, oxidises on exposure to the 
air, slowly at ordinary temperatures, more quickly when heated, and is decomposed 
by acids, with evolution of mercaptan (Claesson, J. pr. Chem. [2], xv. 193). 

Thallium- diethyl Compounds (F. C. Hartwig, Ber, vii. 298 ; Liebig's An^ 



THAPSTA— THEBATKE. 


1921 


nalm, clxxvi. 257). Tlie chloride^ Ti(C'H*)“Cl, is produced when an ethereal solution 
of thallium trichloride, prepared by the action of chlorine on thallious chloride 
suspended in pure and dry ether, and freed by carbon dioxide from chlorine, hydrogen ^ 
chloride, and the products of the action of chlorine on ether — is slowly added to 
zinc-ethyl mixed with twice its volume of ether ; and by washing the product with 
water and crystallising it from boiling water, the pure chloride is obtained in beautiful 
shining scales. It is somewhat altered by exposure to light, and decomposes with 
slight detonation when heated to 190°, yielding thallious chloride and a combustible 
gas. The estimation of the thallium in this compound is best effected by mixing 
it in a beaker with nitric acid, neutralising with sodium carbonate, precipitating the 
concentrated solution with potassium iodide, washing the precipitated thallium iodide, 
and drying it at 100°. 

The following salts were obtained by double decomposition between the chloride 
of thallium-diethyl in aqueous solution and the corresponding silver salts, except the 
iodide, which was prepared by mixing solutions of thallium-diethyl sulphate and 
barium iodide, the thallium-diethyl iodide being then extracted from the precipitate 
with boiling water. 

The sulphate, [T1(02B[®)2]-S0'*, forms needles grouped in stars, is very soluble, and 
explodes at 205°. The phosphate, [Tl(C2H^)-]®PO^ forms needles which explode at 
189°, and are easily soluble in water or alcohol, but less soluble in hot than in cold 
water. The nitrate, T1(C2H®)2N03, dissolves with difficulty, and explodes at 236°. 

The CLcetate, Tl(C^H®)^.C-H^O^, is easily soluble in water or alcohol, and crystallises 
in hard, slender needles, melting at 212°, and distilling almost without decomposition 
at 245° ; when it explodes if rapidly heated. The iodide, T1(G®H^)2I, forms white, 
silky leaflets, which explode at 195°, and dissolve in 1,000 pts. of cold water. 

The hydrate of thalliicm-diethyl was obtained in silky needles, by precipitating a 
solution of the sulphate with barium hydrate, and evaporating the filtrate. It ex- 
plodes if rapidly heated to 211°, and dissolves more readily in cold than in hot water. 

The solution is alkaline, and on neutralisation with acids yields the salts already 
described ; it does not, however, unite with carbonic acid. 

Thallium-triethyl does not appear to be produced by the action of thallium tri- 
chloride on zinc-ethyl, even when an excess of the latter is employed, and the action 
of zinc-ethyl on thallium-diethyl chloride yields not thallium-tri ethyl, but metallic 
thallium, zinc chloride, and a gas, which is probably a mixture of ethylene and 
ethane. The iodide of thallium-diethyl reacts in a similar manner. 

Tballium-salicylanillde, C®H‘‘(OTl)CO.NH.C®H^ formed by heating thallious 
hydrate with salicylanide, crystallises in faintly-yellowish shining laminae, sparingly 
soluble in water, more freely in alcohol, nearly insoluble in ether (Kupferberg, J. pr, 
Chem, [2], xvi. 424). 

TKAPSZA. The root-bark of Thapsia garganica and Th, Silviim has been 
analysed by Yvon (Tharm. J. Tram. [3], viii. 162), who found in the dry bark : 


Starch 




Th. gargau. 

. 22-510 

Th. Sllvium 
26-124 

Gum 




. 5-179 

5-421 

Gum-resin 




. 5 759 

4-271 

Eesin 




. 2 554 

3-192 

Albumin . 




. 1-354 

0-624 

Chalk 




. 1-365 

1-368 

Magnesia . 




. 0-677 

0-697 

Iron . 




. 0-370 

0-224 

Alumina . 




. 0-338 

0-508 

Sulphuric acid . 




. 0-297 

0-300 

Phosphoric acid 




. 1-468 

1-919 

Chlorine . 




. 0-219 

0-420 

Silica 



• 

. 2-715 

0-707 





44-805 

45-775 


THAmVKASITE. A mineral from the Areskustan mountain in Sweden, 
having, according to an analysis by Gr. Lindstrom, the composition 
CaSiO^,0aSO^,CaSO®,14H“O (A. E. Nordenskiold, Compt. rend. Ixxxvii. 313). 

THIUBAXITE. This alkaloid, treated with excess of acetic anhydride, yields an 
amorphous base, probably a polymerised body, which dissolves in ether, and forms 
an amorphous hydrochloride and platinochloride (Beckett a. Wright, Chem. Soc. J. 
xxix. 652) 

Thebaine, treated with sulphuric and iodic acids, assumes a violet colour, which 

VoL. VIII. 6 H 
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howerer disappears on addition, of sodium earbonate (Selmi, Monit. Scientif, 
1878, 692). 

On the Detection and Estimation of Thebaine in mixtures of Alkaloids, see Dlant- 
UJLSES (p. 1635). 

THXSOBKOMXC ACX1>, This acid, the highest known member of 

the fatty series, has been obtained by Kingzett ( Che^n. Soo. J. xxxiii. 38) from cacao- 
butter by saponification and fractional crystallisation of the product. , It melts at 
72*2°, distils without decomposition at a higher temperature, and becomes electric by 
friction, a property likewise exhibited by its silver salt. Together with this acid 
there is obtained another fatty acid, having the composition of lauric acid, ; 

but it melts at 57*5®, w^hereas lauric acid melts at 43° : hence it is probably a mix- 
ture of an acid lower in the series than lamic acid with another of higher melting 
point than the latter. 

THSOSBOAXXXrs, For the separation of theobromine from cacao, 

G-. Wolfram (Difigl. jpol. J, ccxxx. 240 ; Chem. Sog. J. xxxvi. 406) recommends the 
use of sodium j^hos^photwigstate. The aqueous infusion of the cacao is precipitated 
with a lead salt ; the precipitate, after removal of the lead by hydrogen sulphide, is 
mixed with sodium phosphotungstate, and this last precipitate is mixed with baryta. 
According to Trojanowsky {Dingl. jool. J. ccxxiii. 650), the proportion of theobromine 
in cacao varies from 1*2 to 4-6 per cent. 

On the Detection and Estimation of Theobromine in mixtures of Alkaloids, see 
Plant-bases (p. 1635). 

THXSBMOBlTKrAlVXXCS. When heat is given to or taken from a body, there 
is caused in general a change of the temperature and volume of the body, and of the 
stress produced by it on the bodies with which it is in contact : in what follows, unless 
in special cases, this stress will he taken to be due to a uniform pressure over the 
whole of the hounding surface. The relation between the simultaneous changes in 
the three conditions mentioned can he expressed by help of three coefficients— namely, 

(i) The coefficient of exjpansion under constant pressure; (ii) The coefficient of 
increase of pressure at constant 'volume; (iii) The coefficient of volume-elasticity at 
constant temperature. These coefficients are defined as follows : 

(i). Let V he the volume of unit-mass of substance at temperature t, and dv the 
increment of volume which takes place when the temperature is raised from ttot + dt, 
the pressure remaining constant ; then the coefficient of expansion under constant 
pressure is : 

dv 
dt 


a 


( 1 ) 


(ii) . Similarly, let p be the pressure per unit of surface of the body at temperature 
i, and p + dp^ the pressure per unit of surface when the temperature is ^ + dt, the 
volume remaining constant, then the coefficient of increase of pressure at constant 
volume is : 

m 

(iii) . If the volume diminishes from v to v-dv when the pressure per unit of 

surface increases from j? to p + dp, the temperature remaining constant, the co- 
efficient of volume- elasticity at constant temperature is : ’ 


dv 


(3) 


According to (1) the change of temperature accompanying an infinitesimal change 
of volume at constant pressure is i according to (2) the change of tem- 
perature accompanying an infinitesimal change of pressure dp at constant volume is 
^ X Consequently, if both volume and pressure undergo infinitesimal changes 

■without any alteration of temperature taking place at the same time, the alteration 
of temperature which -would have resulted had volume only been chano-ed must be 
equal and opposite to that which would have resulted from change of nressure onlv ■ 
tnat IS, if the change is ‘ isothermal,’ ^ ’ 

* + ^ = 0 - 
av ’ 

whence, by (3), 

— tA\ 
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The relation expressed by equation (4) is of importance, since the coefficient ^ is 
not accessible to direct experiment, except in the case of gases, whereas a and e can 
both be found experimentally for solids, liquids, or gases. 

In order to express the connection between the quantity of heat lost or gained by 
a body during given changes of its temperature, volume, and pressure, certain ad- 
ditional coefficients are required, which, to distinguish them from the three above 
defined, may be called calorimetrical coefficients. A change of temperature is in 
general determined when the simultaneous changes of volume and pressure are given ; 
similarly, a change of volume is determined by the simultaneous changes of tempera- 
ture and pressure, or a change of pressure by the simultaneous changes of temperature 
and volume. Hence a given alteration in the state of a body may be specified in 
terms of changes in any two of the three conditions in question. Thus, if an infinitely 
small quantity of heat cfQ, is imparted to unit-mass of a body occupying the volume v 
at temperature t and under pressure we may, by the use of appropriate coefficients, 
express the result either as a change of temperature and volume, as a change of tem- 
perature and pressure, or as a change of volume and pressure, as follows : 

^ cdt I dv (5a) 

^ Qdt ^ h dp (55) 

K dp + Kdv (5c) 

Of the six coefficients here introduced, two, namely, e and C, are well known, the 
former under the name of the specific heat at constant mlume^ and the latter as the 
specific heat under constant pressure ; I is sometimes called the latent heat of expansion 
at constant temperature. In like manner X might be called the heat of expansion 
under constant pressure, h the latent heat of increase of pressiire at constant tempera- 
ture, and K the heat of increase of pressure at constant volume. It is to be noted that 
all these coefficients are mathematically of the nature of partial differential coefficients. 
They are not really independent magnitudes, but, as will be shown further on, the six 
calorimetric coefficients defined by equations (5), together with the three previously 
defined, may be reduced to three, and can thus be expressed in terms of a, e, and C, 
the only ones which have hitherto been determined by direct experiment. 

The science of Thermodynamics has reference, in the first place, to the mutual 
relations and reciprocal transformations of mechanical energy and heat, or thermal 
energy. But, since energy of every kind can be expressed in terms of mechanical 
energy, the conclusions of thermodynamics in the widest sense are applicable to 
electricity and other branches of physics which have not yet received a purely 
dynamical interpretation. Many results of the greatest scientific importance have 
indeed been arrived at by this extended application of thermodynamical principles, 
but in this article it is not proposed to discuss the relations between heat and any 
other form of energy than the mechanical. This restriction is to be borpe in mind in 
considering some of the general statements that follow, which, if taken in the widest 
sense, would not be true without qualification. 

In numerical statements as to quantities of work and energy, we shall adopt the 
system of absolute units based on the employment of the Centimeter, Gram, and Second 
as units of length, mass, and time respectively — the system known as the C.Gr.S. 
system. In accordance with this, the unit of force is the force which, by acting for a 
second upon one gram, can change its velocity by one centimeter per second. This 
force is called a dyne. The force with which a gram at the sea-level is urged towards 
the centre of the earth by the resultant effect of the earth’s attraction and the cen- 
trifugal force due to the earth’s diurnal rotation — in other words, the weight of a gram, 
— varies from 978T dynes at the equator to983T dynes at the poles. One million dynes, 
called a megadyne, is roughly 2 per cent, more than the weight of a kilogram. The 
unit of work, founded upon the same fundamental units, is the work done, when a force 
of one dyne acts through a distance of one centimeter. This amount of work is called 
an erg. One million ergs — otherwise a megalerg or meg&rg — is about 2 per cent, 
more than 1 kilogram-centimeter ; 1 kilogram-meter is about 2 per cent, less than 
1000 megalergs. The energy of any body or system of bodies is estimated numerically 
by the amount of work done hy the body or system of bodies when the energy is 
expended, or that must have been done upon the body (or bodies) to impart to it the 
energy actually possessed by it. The erg is thus the unit for energy as well as for 
work. Accordingly, the systematic unit for the numerical expression of quantities of 
heat is the quantity capable of generating an erg, or which is produced by the expend- 
iture of an erg ; but, as the statement of quantities of heat in terms of this unit im- 
plies a knowledge of the so-called Mechanical Equivalent of Heat, we shall usually 
express quantities of heat by reference to the amount of heat needed to raise the tem- 
perature of 1 gram of water by 1 degi*ee centigrade, and shall call this quantity 
1 gram-degree of heat. Since, however, the specific heat of water is not constant, a 

632” 
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oram-degree is not a perfectly definite quantity of heat except at an assigned tem 
perature? When the term is used without qualification, it may be taken to mean the 
quantity of heat needed to raise the temperature of a gram of water from 0° C. 

The science of Thermod 3 nQamics is based upon two experimentally ascertained 
principles. The first of these may be stated in the following form : — 

I. When mechanical work is done or mechanical energy is expended without pro- 
ducing mechanical energy numerically equal to itself, there is generated a quantity of 
heat which is proportional to the difference between the quantity of work done, or of 
energy expended, and the mechanical energy produced;^ and, conversely, when 
mechanical energy is produced or mechanical work is done without the expenditure of 
an equivalent amount of mechanical energy, a quantity of heat disappears which is 
proportional to the difference between the energy^ produced, or work done, and the 
energy expended. Moreover, in both cases the ratio of proportionality is the same ; 
that is to say, the number expressing ' the ratio between the excess of mechanical 
energy expended over mechanical energy produced and the quantity of heat generated, 
in the one ease, is the same as that which expresses the ratio of the excess of energy 
produced over the energy expended to the quantity of heat which disappears in the 
other case. 

An example or two may make the exact meaning of the above statement more 
evident. Thus, if a body of mass m descends through a height A, the earth exerts 
upon it a vertical force, during the descent (if g stands for the intensity of 

gravity), and consequently a quantity of work, ~mg /^, is done upon the body. If the 
descent takes place by the body falling freely in a vacuum, it receives an increment of 
kinetic energy, = t;- (where is the change in the square of its velocity), .such 

that 

y- ^ mg h. 

In such a case, then, mechanical energy is produced, which is numerically equal to 
the work done in producing it, and accordingly there is no loss or gain of heat. If, 
however, the descent of the body, instead of being free, were impeded by friction— as, 
for example, when a stone slides down a rough plank — the body would not receive so 
great an increment of velocity as before, and hence its gain of energy would not he 
equal to the work done. Accordingly a quantity of heat, Q, would be generated, such 
that ' 

J Q =: mgh — 

where v- is again the change in the square of the body's velocity, and J a numerical factor. 
Again, if a body is thrown upwards in a vacuum with velocity v, it rises to a height 

Y, and fhns gains a quantity of potential energy, mgh, which is numerically 

^g 

equal to the kinetic energy, which it loses, and in this ease no heat appears or 

disappears. But if a body is started with initial velocity v, along a rough level 
surface, it will, if no work is done upon it, lose kinetic energy without gaining 
potential energy ; or, if work is done on the body so as to keep its velocity constant, 
there will be expenditure of work without gain of either kinetic or potential energy : 
in either case a quantity of heat is produced proportional to the loss of energy, or to 
the expenditure of work, respectively. 

On the other hand, a steam-engine can do work, or produce mechanical energy, 
without any corresponding expenditure of mechanical energy, but while it is doing 
work a quantity of heat disappears which is in exact proportion to the work done or 
energy produced. 

The facts that the destruction of a given quantity of mechanical energy involves 
the production of a definite quantity of heat, and that this same quantity of heat 
disappears when the same given quantity of mechanical energy is generated, is com- 
monly expressed by saying that heat and mechanical energy are mutually convertible. 
When mechanical energy is destroyed, the number which expresses the ratio of the 
quantity destroyed to the quantity'' of heat that appears in its place, or, when me- 
chanical energy is generated, the number expressing the ratio of the quantity generated 
to the quantity of heat that disappears, is called the Mechajjtical Equivalent of 
Heat. This number naturally has different values according to the different units 
adopted for expressing quantities of mechanical energy or of heat, but the ratio 
represented by it is essentially constant. 

II. The second fundamental principle of Thermodynamics has reference to the 
conditions which determine how much of a given quantity of heat can be converted 
into mechanical energy. In various ways it is possible for a body or system of bodies 
to go through a series of changes of pressure, volume, and temperature, being at the 
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ead of the series in exactly the same condition in all these respects as it was in at 
the beginning, but so that, during the process, more work is done b;^ the body or 
system against external forces than is done by external forces upon it. Work is 
done hy the body or system when it undergoes a change of size or shape in opposition 
to external forces ; and work is done iifon the body or system when its size or shape 
is altered by yielding to external forces. But, since at the end of the process the 
volume and shape of the body are the same as at the beginning, it follows that the 
total distance through which the body has yielded to external forces is equal to the 
total distance through which it has overcome them. Consequently, for the work 
done by the body to exceed that done upon it, it follows further that the external 
forces overcome by the body must exceed those to which it yields. This is the same 
thing as the following shorter but more technical statement : The sitre&s during de- 
crease of strain must be greater than the stress dunng increase of strain. This implies 
that increase and decrease of strain take place at different temperatures, for the only 
known way of causing the stress of a body to change while the strain remains constant 
is to change its temperature ; and, in order that this may be, heat must be supplied to 
the body during part of the series of processes gone through by it, and heat must be 
withdrawn during another part. If, as generally happens, increase of temperature 
causes increase of stress with constant strain — for example, increase of pressure with 
constant volume— heat must be supplied while strain diminishes — that is, while the 
body does work by changing size or shape in opposition to external forces ; and heat 
must be withdrawn while strain increases —that is, while external forces do work 
upon the body by altering its size or shape. But if, as happens with water below 
4® C., or with a mixture of ice and water, increase of temperature under constant 
strain causes decrease of stress, heat must be supplied during increase of strain and 
withdrawn during decrease of strain. In either case heat must be supplied while the 
temperature of the body is relatively high, and must be withdrawn while the tem- 
perature is relatively low. Moreover, the quantity of heat supplied must be greater 
than the quantity withdrawn, for, since during the whole series of processes the work 
done by the body exceeds the work done upon it, and since the final condition of tho 
body is the same in all respects as its initial condition, a quantity of heat propor- 
tional to the excess of the former quantity of work over the latter must, in accordance 
with the First Principle of Thermodynamics, disappear. Now, the Second Funda- 
mental Principle of Thermodynamics asserts that the neatest possible proportion 
which the quantity of hejit so disappearing and converted into work can bear to the 
total quantity of heat supplied, depends only on the temperatures at which the 
supply and withdi'awal of heat respectively take place, and is quite independent of the 
nature of the substance or substances which undergo the series of changes supposed. 

This result is often referred to as ‘ Carnot’s Principle,’ it having been pointed out 
for the first time by Sadi Carnot {Reflexions sur la puissance motrice defm, 1824), in 
a form which is substantially the same as that in which it is given above, though the 
mode of.expression was adapted to the hypothesis of the indestructibility of heat. 

In this article we have to point out some of the most important verifications which 
these two fundamental principles have received, and some of the chief results which 
have been deduced from them. 


Peincifle of the Mutual Convertibility of Heat and Work. 

Mechanical Equivalent of Heat. — For general evidence that heat and work are 
mutually convertible one into the other according to a constant numerical rFtio, we 
may refer the reader to the article Heat (iii. 125-129, and vi. 685-687 of this work). 
It may suffice in this place to give the results of two very important redeterminations 
of the value of this ratio which have been recently carried out. 

The first of these redeterminations was made by Joule {Phil. Trans. 1878, 36o- 
383 ; also abstract, stating final result, Proc. Roy. Soc. xxvii. 38), by a method 
essentially similar to that employed by him in 1850 in the experiments referred to in 
iii, 125-129. The measurement of the work expended was however effected by 
counting the number of turns of the paddle-wheel and at the same time observing the 
moment of the couple required to prevent the calorimeter from being carried round 
with it. This mode of measuring work is similar to that employed by Him in his 
determination of the mechanical equivalent of heat by the friction of water already 
referred to in vi. 685. Joule states his results in terms of the pound-degree, measured 
by the mercurial Fahrenheit thermometer, as unit of heat, and the foot-pound at 120 
feet above sea-level, in latitude 6Z° 28J' H. (at Higher Broughton, Manchester), as 
unit of work. In five series of experiments ho obtained the numbers given in the fol- 
lowing table : 
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Mean temperature of calorimeter (Fake.) 
Mean rise of „ » » 

Mechanical equivalent 


58°*5 

54°*8 

60°*0 

58°*1 

63°-l 

3*54 

3*77 

3*46 

1*11 

5-22 

772*7 

774*6 

773*1 

767*0 

774-0 


Taking these numbers as they stand, the mean result is 772*28 toot-pounds at 
Higher Broughton as the mechanical equivalent of 1 pound-degree at 58°*9 Fahren- 
heit. But, from circumstances connected ’with the separate series of experiments, 
Dr. Joule does not consider them as being all equally trustworthy. Giving to the 
separate results the relative -weights which he assigns to them, the final result may 
be stated as follows: To raise. the temperature of 1 pound of water weighed m mmo 
from 61*19° to 62*19° of the mercurial Fahrenheit thermometer requires the expend- 
iture of 

772*53 foot-pounds 


of work at Higher Broughton. 

For the sea-level at the latitude of Greenwich, Dr. Joule himself gives as the final 
result of his experiments 

772*55 foot-pounds, 


this being the quantity of work required to raise the temperatiu’e of a pound of water, 
weighed in from 60° to 61° F. 

Since the publication of this result, Joule has compared the mercurial-thermometer 
used in his measurements with one the value of whose readings had been ascertained, 
in terms of the perfect air-thermometer, by Professor H. A. Eowland, of Baltimore. 
Applying the corrections calculated by Kowland for the difference between Joule’s 
thermometer and the perfect air-thermometer, we must add 2*94 foot-pounds to the 
mean as given above, thus getting 

775*47 


as the corrected value for Manchester. To translate this number from Fahrenheit to 
Oentigi'ade degrees, and from foot-pounds per pound-degree to centimeter-grams per 
gram-degree, we must multiply by 1*8 x 30*48, which gives 


42545*4. 


Lastly, to reduce the result to ergs, we must multiply by 981*32, tho intensity of 
gravity in latitude 53° 58^' at 120 feet above sea-level. We thus get, for the 
absolute mechanical equivalent of a water-gram-degree at mean temperature 16‘5° C. : 

4*175 X 10’ ergs. 

A second very remarkable series of experiments on the value of the mechanical 
eijuivalent of heat has been made by Professor Rowland {^Proceed, Amer. Acad. ArU 
xmtl Sciences, xv. [N. S. vii.], 75-200). His method was identical in principle with 
..that employed by Joule, but by modifications in detail he was able to generate heat at 
a much more rapid rate, thus rendering the corrections for radiation and conduction 
less important, and to obtain much greater changes in the temperature of his 
calorimeter — in some experiments as much as 25° or 30° centigrade. His results are 
all reduced by him to degrees of the perfect air-thermometer, and they lead to the 
important conclusion that the specific heat of water decreases from temperatures near 
0° C. to about 30° and then increases again. The following table gives his results 
for every fifth degree from 5° to 40° : 


Temperature of water 

Mechanical equivalent 
of 1 gram-degree in 

10’ ergs 

Tempcratui-e of water 

Meolianical equivalent 
of 1 gi-am-degree in 

10’ ergs 

5° C. 

4*212 

25° C. 

CO 

10 

4*200 

30 

4*171 

15 

4*189 

36 

4*173 

20 

L 

4*179 

1 

40 

4*175 


Ap'pUcation to Gases . — It is known experimentally in the case of the more diffi- 
cultly condensable gases, that (1) at a constant temperature the product of pressure 
into volume is nearly constant ; (2) for a given change of temperature, the ratio in 
which volume changes when pressure is kept constant is nearly the same as the ratio 
in which pressure changes when volume is constant, and that this ratio is nearly the 
same for all gases ; (3) the specific heat under constant pressure is nearly independent 
of pressure or temperature ; (4) no appreciable fall of temperature takes place when 
a gas expands into a vacuum without receiving heat— that is, no appreciable quantity 
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of work is done in separating the particles of a gas fcom each other. An ideal sub- 
stance possessing in perfection the properties here enumerated as belonging approxi- 
mately to actual gases is called a perfect gas. The discussion of the laws of a perfect 
gas as thus defined is useful as leading to results which are applicable with approxi- 
mate accuracy to several known gases under ordinary conditions. 

Values of the Tlimnal Coefficients for JPerfect Gases , — The properties of a perfect 
gas in relation to pressure, temperature, and voliune, are expressed by the equation 

pv — E(<2 + t) (6) 

where v is the volume occupied by unitr-mass of the gas under pressure p and at tem- 
perature z5, R is a constant depending on the kind of gas, and a a constant depending 
on the position of the zero and the size of the degrees of the thermometric scale on 
which the temperature t is expressed. Since the expression a + t occurs very often, it 
will be convenient to denote it by a single symbol T, writing (6) thus pv = ET. Dif- 
ferentiating we get 

p dv -i- V dp = It dt (7) 

trhich, for the several cases in which dVj dp, or dt respectively = 0, gives 
dp _ B ^ 

dt v' dt p^ dv V 


Substituting these values in equations (1), (2), and (3), whereby the coefficients a, j8, 
and € are defined, we get 


pv a + t' pv a + t' 


Hence, for all perfect gases, we have 

a = ^ = 


1 

T‘ 


6 = p. 


Again, if we equate the values of dQ given in (oa) and (56), and make dp = 0, 


' = (C-4 = (C-.)|; . 


or, making dv — 0, 


_ (C - - (0 - o)|- 


In like manner, (55) and (5c) give, for dp-0, 

K = . . 

dv R 

and (da) and (5c), when dv = 0, give 


dt 


'E 


. ( 8 ) 

• ( 9 ) 

. ( 10 ) 

• ( 11 ) 


The six calorimetric coefficients are thus reduced, in the case of perfect gases, to 
the two specific heats C and c ; the three forms of equation (5) may therefore be 
rewritten as follows : 


C — c 

= cdt + — ^ pdv . 

E 

. . . (12a) 

= Cdt - 9.~Pvdp . 

E 

. . . (12S) 

e j C , 

= g 

. . . (12a) 


For the case in which there is no change of temperature, (12 a) gives 


dQ = 9 — p dv. 

xi 


The factor p dv in this last expression represents work done during the expansion of 
the gas against external pressure, and the whole quantity of heat dQj is spent in 
doing this amount of work, for we have supposed temperature to remain constant, 
and the substance being a perfect gas, no heat is used up in merely changing its 
volume. Accordingly, writing dW for p dv, we have for the ratio of dW to 
the ratio of a quantity of wox*k to the heat expended in doing that 'work the 
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mechanical equivalent of boat. Bepresenting this, as is commonly done, by the s3-mboI 


J, we get 


dCl G-'c 


(IS) 


Equation (13) leads to several noteworthy conclusions. First, it shows that the 
specific heat at constant volume, c, is constant for the same gas, being independent of 
volume and temperature, for J, R, and C being all constants, c must be so likewise. 

Secondly, the magnitude R, though constant for any one gas, varies for different 
*^ases inversely as their densities, so that the product of R for a given gas into the 
density p— or mass of unit-volume under standard pressure and temperature —of 
that gas, is the same for all perfect gases. Putting C p = r, and cp=--y. avo have 


where, everything on the right being constant, the left-hand member of the equation is 
cdnstant also; or, the difference between the thermal capacity under constant 
pressure and the thermal capacity at constant volume, of so much of any perfect 
gas as occupies unit of volume under given conditions of pressure and temperature, is 
independent of the chemical nature of the gas. 

Thirdly, since C and the factors which enter into the value of R are all directly 
measurable by experiment, a knowledge of c, the specific heat at constant A^-olume, 
for any perfect gas, would enable us to determine the A^alue of J, the mechanical 
equivalent of heat. We shall see immediately what principles are available for de- 
termining the A^alue of c. 

Fourthly, by substituting in (8) and (9) respectively the value J, " by 


(13), namely, we get the following simple expressions for the coefficients I and h : 




(S') 


(9') 


Variation of Pressure, Volume, and Temperature without Gain or Loss of Heat\ 
Adiahatio Changes. —Eithevto Ave have considered changes of pressure, volume, and 
temperature as resulting from the addition or removal of heat ; but such changes may 
also take place without any loss or gain of heat. For example, under ordinary cir- 
cumstances, increase of volume and rise of temperature are observed as the result of 
heat given to a body, and diminution of volume and fall of temperature as the result 
of the withdrawal of heat ; but, in special cases, a rise of temperature may be exactly 
compensated by a diminution of volume, or a fall of temperature by an increase of 
volume, so that, on the whole, there is neither loss nor gain of heat. Changes which 
take place under such conditions are commonly called adiahatio changes, a term intro- 
duced by the late Professor Rankine. In general, any change of condition that tekes 
place A^ery rapidly may be considered as being adiabatic, since the quantity of heat 
that can he lost or gained in an indefinitely short time is itself indefinitely small. 
From the equations already established, it is easy to deduce expressions which con- 
nect the adiabatic changes of volume or of pressure respectively of a perfect gas with 
the simultaneous changes of temperature, or again which connect adiabatic changes of 
volume and pressure with each other. This is done by simply putting dQi~0 in all 
the equations ; for since fZQ, represents the quantity of heat lost or gained, the equa- 
tion ifQ, = 0 expresses the condition that any given change is adiabatic. 

Equations (12), when ^ is written instead of R, by the characteristic equation of 
perfect gases (6), become 

da = cdt + (0-c)T 

m y 


= Cdi! - (C-o)T^, 
P 

= (^P + c^At. 

\ P ' «/ 


If we combine Avith these expressions the adiabatic condition iZQ, = 0, the first one 



fHEEMODYNAMlCS. 


1929 


or, if TO put h for the ratio of the two specific heats V, 

, <f» 


^ + (* ■ 
T 


1 )- 


0 , 


iroili which, by integration, we get 

loge T + (i'— l)loget? = constant I 

or r 

T y *-i ~ constant J 


(14) 


Similarly, the second expression gives 
A* ~ 1 


logeT - 


iOoe P - constant ] 


and the third gives 


Tjo * = constant'^ 

logejp + ^ loge v = constant] 
pv^ = constant] 


(15) 



(16) 


It is easily seen that the three equations, (14), (15), and (16), are nob really inde- 
pendent, any one of them following as an immediate consequence from the other two. 
It may also be noted that any one of them, combined with the equation = R 25, gives 
the other two. 

Jfor^ done hy the Expansion of a Gas . — If a gas under pressure p undergoes a small 
increment of volume, dv, it does a quantity of work dW ~p do. In general, however, 
pressure changes at the same time as volume, so that a second increment of volume 
do takes place under a dilferent pressure, say jp', the third similar increment under 
pressure and so on. Hence the whole amount of work done during a finite change 
from an initial volume v. to the final volume v is 


W = p dv p' dv + p" dv + 


. = fpdv. 


That is to say, the work done during expansion depends not only on the change of 
volume and the initial pressure, but on the pressure at each stage of the process. We 
may consider three special cases : 

1. Expansion under constant pressure. In this case we have obviously 


W = pfdv = p{v - ro) 


(17) 


2. Expansion at constant temperature. In this case we have, by equation (6), 
RT 


p = — , and therefore 


W 


Et/’— = E T loge or = ET log £» 

", V p 


(18) 


3. Expansion without loss or gain of heat. According to (16), when a gas does 
not lose or gain heat, we have ^ = N and therefore 


jsr 


W — N 

t’o 

or, putting for N its value pgvf, 

W = ^0 !l _ 

X' — 1 / \v J ) 


(yi-& _ V-*), 


(19a) 


This, on transforming the last term by means of (16) and (14) respectively, gives 


W == 




and 


W 


_ Po ('i _ T 'l 

- tJ 


R 

X - 1 


. . . . (195) 

(T„-T) = Jc(T„-T) (19c) 


Coejficmiis of Adiabatic and Isothermal Elasticity . — The definition of the coefficient 
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of volume-elasticity at constant temperature is given by eq^uation (3), namely 

e = — and we have already seen that for a perfect gas this becomes e Elas- 
dv 

ticity of volume being the only kind of elasticity exhibited by gases, we may say 
generally that the elasticity of a perfect gas at constant temperature is measured by 
the pressure of the gas. This relation, however, no longer holds good if temperature 
is not constant. In general, the temperature of a gas varies while it is undergoing 
any change of volume, and the different ways in which it may vary are infinitely 
numerous. Hence the coefficient of elasticity of a gas may have an infinite number of 
different values, and has no definite meaning except under stated^ conditions. The 
coefficient corresponding to constant temperature, the value of which has just been 
given, is often called for distinction the coefficient of isothermal elasticity. Another 
special condition of much importance is that of no loss or gain of heat. The corre- 
sponding coefficient of elasticity is called the coefficient of adiabatio elasticity, and 
may be denoted by E. Its value for a perfect gas follows at once from equation (12c), 
which, with the condition that no heat is lost or gained, becomes 


# -h C ^ = 0, 

whence 

E = - (20) 

dv o 


Consequently the adiabatic elasticity of a perfect gas bears to the isothermal elasticity 
the same ratio as the specific heat under constant pressure bears to the specific heat 
at constant volume. 

JExpmmenial detcmiination of the ratio k of the specific heat C imdcr constant Pressure 
to the specific heat c at constant Volume. — First Method : A large volume of gas is 
suddenly compressed, so that its pressure rises from to p^. The process being very 
rapid, the compression may be considered as taking place without loss or gaiii of 
heat; hence, by (15), if the initial temperature be denoted by the final tempera- 
ture will be given iDy 

(a + ii)y, = (a + * ■ 


On now leaving the gas to itself without further change of volume, the heat due to 
the compression will be gradually dissipated, and, when the temperature has returned 
to the original value the pressure will have attained a value, say intermediate 
between p^ and p^. To determine p^, we have to consider that p.^ and are the pres*' 
sures of the same quantity of gas occupying the same volume at the temperatures 

and : consequently ---it h = and therefore 


Ps \Pi 


fc-i 

k 


Taking logarithms of both sides, we get from this : 


whence 


logy, - logy. 


■i^Clogy, - logy,); 


* = = log .Pa - log ?i 

0 logy, -logy, 


( 21 ) 


It is evident that a corresponding expression might be obtained as the result of an 
adiabatic rarefaction instead of an adiabatic compression. 

Second Method. — The determination of the ratio C : c by the method last given 
depends essentially on the relation between simultaneous changes of pressure and tem- 
perature during an adiabatic process. Another method may be founded on the relation 
between changes of pressure and changes of volume during a similar process. The 
measurement of velocity of sound in air affords the most accurate data for determining 
this relation, since the alternate compressions and rarefactions which constitute a train 
of sound-waves follow each other with such rapidity as to be almost strictly adiabatic. 
From dynamical principles it follows that the velocity with which a disturbance of 

the character of a v’-ave of sound is propagated in a medium of density pisV- 
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B standing for the adiabatic elasticity as above defined, whose value in the case of a 
perfect gas is by equation (20), This gives for the ratio of the specific heats : 



c 




( 22 ) 


Third Method . — Equation (13), namely E = J(C ~ n), gives an expression for g in terms 

E 

of G and the mechanical equivalent of heat : <? = C— And as both these quantities 

J 


can be found by direct experiment, the ratio of the two specific heats can be deduced 
from this expression. 


Energy of a Body or System of Bodies . — The principle of the Conservation of Energy 
may be expressed in relation to the matters under discussion in this article by the 
equation : 

ZdOt = + d^; 


where J dQj is the energy equivalent to the quantity of heat, dOi, received by a body 
or system, dl, the increment of energy within the body, and dZN the energy given 
out (whether in the form of heat or of energy in any other form) to other bodies. 
The terms dl and dW may both be broken up in a manner corresponding to the 
various effects, internal or external, produced. For the present we will consider 
internal effects only, and write : 

dl - Z odt + ^ dK. + dB, 


G dt being the quantity of heat consumed in causing rise of temperature, the 
energy spent in producing molecular changes other than those showing themselves as 
changes of temperature, dK the increment of the kinetic energy of visible motion, 
and dB the increment of potential energy (due, for example, to increased height above 
the sea-level). With this notation we have : 

Z dQ, = Z cdt + dM. + dK + dB + dVf . . . (23) 

This equation allows us to draw some important conclusions with regard to the 
flow of fluids. At present we will apply it to the case of a gas forced, at constant 
pressure through a narrow channel or porous plug, on the farther side of which 
there is a constant pressure p, without loss or gain of heat from external bodies, and 
without change of level or alteration of potential energy from any other cause. Then 
dQ=‘0, and dB = 0; hence, if Ko, W^,, and denote initial conditions, and K, 
M, W, and t the corresponding conditions of the gas after escaping, we have 

K - M - Mo + W - Wo + Zjldt = 0. 

to 

For E—Ko we may write W— Wo we may put p v^p^ t/o, where 

Pq andp are the pressures on the two sides of the plug, and % and v the corresponding 
volumes of the unit-mass. Therefore, since for gases c is constant, see (13), and 
M-Mi = 0: 

- O = - jp® + Jc(i„ - t). 

Since pv- E(a + 1), and E = J(0 —c), this gives, if we put % = : 

lu" - Z G(tQ — t) (24) 

to determine the velocity u with which a gas escapes from under pressure. To 
determine t in terms of the initial and final pressures, we have, by (15), 

I 

' , and therefore, 

a->rt \p / 

{n- = JC(® + - (y) J ■ • • (25) 

If the friction of the gas against the channel by which it escapes is so great as to 
make the final velocity w = or if the velocity is destroyed by eddies, as happens in 
any case after a short time, we see by equation (24) that, for a perfect gas, the final 
temperature t is the same as the initial temperature ^o* From (25) it appears that 
the velocity of efflux increases as the final pressure diminishes, becoming a maximum = 

./2 J C (a + <(,) or 

when the escape takes place into a vacuum {p = 0). 
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Second Principle of Thermodynamics. 


It has been shown already (pp. 1924r, 1925) that heat can be converted into work 
as the result of a cycle of operations performed upon a body, such that the body is at 
the end of the cycle in the same state in every respect as it was at the beginning ; 
and it was pointed out that, in all such cases, heat must be given to the body at a 
relatively high temperature or temperatures, and a smaller quantity of heat removed 
from it at a lower temperature or temperatures, the difference between the heat given 
and the heat withdrawn being the quantity converted into w^ork. The proportion 
which this difference bears to the total quantity of hea’t given to the body is called the 
efficieyiey of the cycle, regarded as a means of converting heat into work. That is, if 
Q be the quantity of heat given to the body which undergoes the cycle of changes, 
and Q' the quantity withdrawn from it, the efficiency is : 


M = 

ft 


(26) 


and the quantity of work done, being the mechanical equivalent of the heat trans- 
formed, is : 

W = J(Q - Q') = JMQ. 


Prom the form of the expression (26), it is obvious that the extreme values of M are 
a maximum - 1 when Q' = 0, and a minimum ~ 0 when Q,' = Q. The efficiency of 
any cycle is therefore represented by a proper fraction. As already stated 
(p. 1925), it was shown by Carnot that the greatest value that M can have in any 
given ease depends solely on the temperatures at which heat is received and given out 
respectively by the ‘working substance’ (that is, by the body by whose changes the 
transformation of heat into work is effected). Carnot further showed that the neces. 
sary and sufficient condition for the efficiency of any cycle being as great as it can be 
for the temperatures occurring in tlie cycle, is the condition of revcrsiUlity — that is, 
that the changes of pressure, volume, and temperature, which constitute the opera- 
tions of the cycle, shall each be capable of being inverted, and that the senes of 
operations can be gone through in the opposite order. This criterion of reversibility 
excludes, as Carnot showed, all communication of heat between bodies at different 
temperatures, as well as all conversion of work into heat by the collision of unelastic 
bodies, or by friction of any kind, since none of these processes can be directly 
reversed. 

The simplest kind of reversible cycle is one described by Carnot, consisting of 
four operations, as follows : 

1. The working substance, whose initial condition may be denoted by^, t', is 
compressed adiabatically, till its temperature is raised to t, and its pressure and 
volume have become and 

2. The substance is put into contact with a source of heat at temperature t, and, 
by slowly decreasing the pressure to jOg, the volume is increased to while heat is 
supplied from the source so as to maintain the temperature of the substance at t. 
(It is to be noted here that, in order to make heat pass from the source into the 
working substance, the temperature of the latter must be lower than t ; but, if the 
expansion takes place slowly enough, the difference of temperature between the sub- 
stance and the source may be as small as w^e please, and such that an increment of 
the temperature of the substance less than any assigned amount would suffice to cause 
heat to pass the other way.) 

3. The substance is withdrawn from the source and allowed to expand adia- 
batically till the temperature has fallen to the original point f, and pressure and 
volume have become and 

4. The substance is put in contact with a receptacle of heat at temperature and 
slowly compressed till the pressure and volume have regained their initial values 
while the temperature remains constantly f. 

The working substance is now in the same state in every respect as at the 
beginning of the cycle. Work is done by the substance during operations 2 and 3, 
and work is done upon it during operations 4 and 1, and the work gained as the result 
of the whole cycle, namely, the difference between the work done by the body and 
the work done upon it, is mechanically equivalent to the heat which disappears during 
the cycle ; that is, the work done is J (Q~Q'),'if the heat taken up during the second 
operation is denoted by Q, and that given out during the fourth by Q' ; for, since there 
is no gain or loss of heat during operations i and 3, the quantity transformed into 
heat during the complete cycle must be equal to Q — Q'. 
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According to Carnot’s conclusion, a proof of which will he given presently, the 
efficiency of such a cycle as the one just described is the same whatever the working 
substance ; we may therefore, in order to determine the efficiency of the cycle, choose 
any material we please. The problem becomes simplest if we suppose the material to 
be a perfect gas. Then, the work done by the substance during operation 2 is, by (18), 

•W = E(a + 

and the heat taken in during the same operation is 

Q, = ti) log \ 

J Vq 

The work done on the substance during the fourth operation is 

W' = R(a + Ologr- 

and the heat given out is 

Q' = ± .C} log h. 

J Uj 

The efficiency of the cycle is, therefore, 

M = 9 ^ = (<^ + 01ogg-(«^OIogg _ 

(« + <) log ^ 

but, since becomes Vo as the result of an adiabatic compression during which 
temperature rises from t' to t, and becomes by an adiabatic expansion accom- 
panied by fairof temperature from t to f, we have, by (14), 


^ s=s and therefore ^ 

V2 Vs Vo Vi 

It follows that the logarithms in the expression for M are all equal, and therefore 
that the expression reduces to 

M = ^ =: + 0 ~ ^ ^ ^ ^ /27'\ 

^ cc t u + t 

The result of (27) is, in words, that the efficiency of a cycle such as that described 
— known as a ‘ Carnot’s cycle ’ — consisting of an adiabatic compression and an adia- 
batic expansion, alternating with an isothermal expansion and isothermal compression, 
is equal to the difference of the temperatures at which heat is taken in and given out 
respectively by the working substance (that is, the difference of the temperatures at 
which the two isothermal processes take place), divided by the temperature at which 
heat is taken in increased by the constant quantity a depending on the position of the 
zero-point of the thermometric scale employed. Before going further, it will be con- 
venient to discuss .a little more fully the physical significance of this constant. 

It is implied in equation (6), u - R (a + 1), which we have taken as the starting 
point for what has been said about the’ properties of perfect gases, that the thermo- 
metric scale is such that equal differences of temperature cause equal changes in. the 
value of the product y? u for a constant quantity of a perfect gas. This is the same 
thing as saying that we agree to measure temperatures by a perfect gas thermometer, 
but it leaves us free to choose arbitrarily the size of the degrees and the zero-point of 
the scale. As to the former point, it is most convenient to define a degree of tempera- 
ture as the one-hundredth part of the interval between the temperatures of melting 
ice and of saturated steam, both being under standard atmospheric pressure, and 
whenever the size of a degree comes into account in this article, this definition is to 
be imderstood. With regard to the position of the zero, it is evident that the natural 
zero of a perfect gas thermometer is the point at which the product jp v would vanish, 
that is, the point denoted by putting t~ — a. From this it appears that the symbols 
T, Tj, Tg, . . . which we have hitherto used merely as abbreviatious for a + t, a + 
a + t^, . . . maybe interpreted as indicating the temperatures reckoned from the 
natural zero of the perfect gas thermometer which are respectively identical with 
those which, when reckoned from the arbitrary zero, are denoted by t, ti, . . . 
Consequently, expressing the temperatures at which heat is taken in and given out 
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during a Carnot’s cycle by reference to the zero-point of the perfect gas thermometer, 
equation (27) assumes the more symmetrical form : 


M = 


Also, from (27) : 

9l 

a 


T - T' 
T 


T 

T 


. (279 
. (28) 


or, the quantities of heat taken in and given out by a substance ,in going through 
Carnot’s cycle of operations are proportional to the temperatures, measured from the 
zero-point of a perfect gas thermometer, at which the reception and rejection of heat 
respectively take place. 

From this it follows that, if it were possible to lower the temperature of the work- 
ing substance by adiabatic expansion to the zero-point of the gas thermometer, the 
quantity of heat, Qf, which it would give out during compression would be nothing ; 
or, the total quantity of heat taken in by the substance would be converted into work. 
The same result follows also from (27')} for if becomes nothing, we get M= 1. 

All reversible cycles, for which the temperature of taking in heat is the same, and 
also the temperature of giving out heat, have the same coefficient of efficiency . — This 
important result, which, as already stated, was first established by Carnot, may be 
proved as follows. Let two substances, A and B, go through a perfectly reversible 
cycle of processes, each of them taking in the same quantity of heat at temperature t 
and giving out heat at temperature t', and, if it be possible, let the cycle gone through 
by A be more efficient than that gone through by B. Then, 


M ^ and Me 

Qi 


Qb — . 

Q-b 


wherefore, if since M is >Mb, we get 

Q'a < 

Now let B go through its cycle in reverse order : during each repetition of the cycle a 
quantity of work, Wb = J Mb (Q-b — Q'b)j be done upon B, which during the same 
time takes in a quantity of heat Q,'b from what was before the receptacle for heat at 
temperature t', and gives a quantity Qb to what was previously the source at tem- 
perature t. If, at the same time, the substance A goes through its cycle in direct 
order, taking in a quantity of heat (iA = Qb a-t temperature t, and giving out a quantity 
O' A < Q^Bj it does a quantity of work WA = d Ma (Qa — Q^a)-^ Wb. Hence the com- 
bined effect is that the source at temperature t neither loses nor gains heat on the 
whole, although at each repetition of the double cycle a quantity of work is done 
“Wa — Wb at the expense of an equivalent of heat — withdrawn from the 
receptacle at the (relatively) low temperature t'. 

Or, again, let us suppose that at each repetition of the cycles gone through by the 
substances A and B, equal quantities of work are done — a condition expressed by the 
equation Ma Qa = M^ Q®, and, if it be possible, let Ma be greater than SIb. Then Qg 
must be greater than Qa, and, also, as is easily proved, Qb must be greater than Q a 
I f the substance B goes through its cycle in reverse order, converting work into heat, 
W’hile A performs a direct cycle, converting heat into work, on the whole no work will 
be lost or gained, but a quantity of heat Qb— Qa "will be gained by the source at every 
repetition of the double cycle, and a quantity Q''b — Q a will be lost by the receptacle. 
That is, heat will be transferred from a colder body to a hotter body without ex- 
penditure of work. 

Either of these results, arrived at by supposing it possible that two reversible 
cycles worked between the same temperatures can have different coefficients of 
efficiency, is inconsistent with all experience of the properties of heat. We therefore 
conclude that all reversible cycles worked between the same temperatures have the same 
efficiency. 

The proofs of this proposition given above are modifications of Carnot’s proof in 
order to bring it into harmony with the discovery of the mutual convertibility of heat 
and work. The first is due to Sir William Thomson {Edin. Boy. Soc. Tr. 1851), who 
bases it upon the axiom that It is impossible, by means of inanimate material agency, 
to derive mechanical effect from any portion of matter by cooling it below the temperco- 
iure of the coldest of surro^mding objects, which is a correct expression of experience, 
if understood of closed cycles of processes, as in the application here made of it, but 
is not true if applied to single processes, — as, for example, the adiabatic expansion of 
a gas. The second proof was first given by Clausius (Fogg. Ann. Ixxix. 1850), who 
starts from the assumption that heat cannot pass of itself from a colder to a warmer 
body. 
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Absolute Temperature. — Since, then, the efficiency of any reversible cycle is equal 
to the quotient of the difference between the temperatures at which heat is taken in 
and given out respectively divided by the temperature, counted from zero of the per- 
fect gas thermometer, at which heat is taken in, the efficiencies of two cycles in which 
heat is received at the same temperature are to each other as the intervals of tem- 
peratm-e occurring in the cycles. That is, if in two cycles heat is taken in at the 

same temperature T, and is given out in one cycle at Tj and in the other at T 2 , we 

have : 

T - Ti _ Ml Ti - T o ^ Mg -Ml 

T - To Mo T - To Mo ’ 


where Mi and M^ are the efficiencies of the respective cycles. If, however, W, and Wo 
denote the amounts of work resulting from the reception of equal quantities of heat 


M W, 

by the working substances of the two cycles, , and therefore 

JxLo VV 2 

T. 


T, = (T - T,) 


if we select arbitrarily two of the temperatures occurring in this formula, the third is 
defined by reference to them ; moreover, since the formula contains only differences of 
temperature, it is equally applicable whatever the zero-point to which the tempera- 
tures are referred. Accordingly, if we take T to he the temperature of saturated 
steam under normal atmospheric pressure, and Tg the temperature of melting ice 
under the same pressure, and agree that the numerical value of this interval shall be 
100, we may write 

W — W 

T, - To = 100 — ^ 

* ' Wg 

Lastly, if we take the temperature of melting ice as the zero-point of our scale, we 
have T 2 = 0 i, and therefore 

Wg - Wj 

Vo ’ 


Ti = 100 


gives the temperature Tj expressed by reference to what may be called the absolute 
centigrade scale. That is to say, the numerical value of the temperature Tj is assigned 
relatively to the usual fixed points of the centigrade scale by means of' the ratio of two 
quantities of work, a ratio which is expressible in terms of dynamical units (ergs), 
and does not involve a reference to the physical properties of any particular substance. 
The absolute scale of temperature thus arrived at was first proposed by Sir William 
Thomson. It is identical with the scale of the perfect gas thermometer, but the con- 
ception is of fundamental importance, since it affords a real method of comparing 
intervals of temperature by means of possible measurements with real substances, 
instead of a merely theoretical definition based on properties assigned to a hypothetical 
material. 


Complex Cycles . — In the operations which constitute a Carnot’s cycle, change of 
temperature and change of the quantity of heat in the working substance occur 
separately. But in ordinary circumstances both these changes take place together. 
It is evident, however, that a succession of very small changes of temperature, alter- 
nating with very small increments or decrements in the quantity of heat possessed by 
a body, may be made to resemble as closely as we please any reversible process wherein 
temperature and quantity of heat both change continuously and at the same time. 
Hence, in any case where such a process forms part of a cycle, it will not cause any 
finite difference in the result if we imagine it replaced by a sufficiently great number 
of sufficiently small alternate adiabatic and isothermal operations. 

In a Carnot’s cycle, taking a quantity of heat Q from a source at temperature T, 

and rejecting heat at T', the amount transformed into work, namely ^ (T—TQ, is the 


same as the amount that would be transformed if the whole quantity of heat Q, were 
subdivided into an infinite number of infinitely small parts, and each part were em- 

ployed in a cycle worked between the same temperatures T and T' ; for the heat trans- 


formed into work by each such elementaiy cycle would be 


(x-T'), and therefore 


the amount transformed by all together would he A^(T—T') = ?(T—T'). Again, 

if the interval of temperature T — T'be subdivided into an infinite number of infinitely 
small parts, d T, the effect of the complete cycle will be the same as the combined 
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effect of an infinite number of cycles of infinitesimal range, the first of wliich takes in 
the quantity of heat Q, at T» and gives out Qj = Q ^ at Tj, while the second take-, in 

rp 

Qi at Tj, and gives out at Tg; the third takes in at Tg and gives out 

at Ta, and so on, the last one taking in at Ta and giving out 

at T' wWe T~-T, = Ti~T 2 = . . . =T„~T' = £ZT. The truth of this becomes 
apparent if we consider that the quantity of heat given out during any one elementary 
cycle is just equal to the quantity taken in during the elementary cycle next in order 
of temperature, so that the nett result of all the elementary cycles taken together is 
a quantity Q taien in at T, and a quantity Q' given out at T', no heat being either 
taken in or given out on the whole at intermediate temperatures. It follows, 
therefore, that the difference between the quantities of heat Q and Q' has been con- 
verted into work, just as would be the result of the original cycle. This conclusion 
may also be arrived at by considering the quantities of heat transformed by the 

several elementary cycles, namely ~ dT, ^ dTj . . . the total amount transformed 

T Ti 

being the sum of all these; but since sum becomes 

i ij Xn 

|(T-T'). 

If we now suppose both kinds of subdivisions that have been considered to be 
carried out at the same time, we shall have, instead of the single cycle, during which 
the finite quantity of heat Q, is received from the source, and worked between the 
temperatures T and T', which have a finite difference, an infinite number of cycles 
each taking in an infinitesimal quantity of heat and working through an infinitesimal 
range of temperature ; but the combined effect of the infinitely small cycles will be 
identical with that of the original finite cycle. 

Similarly, any reversible cycle,. even if including operations during which change of 
temperature and loss or gain of heat take place simultaneously, may be regarded as 
made up of an infinite number of infinitesimal Carnot’s cycles, such that the tempera- 
tures at which heat is taken in and given out, and the nett quantities of heat taken 
in and given out at those temperatures, are the same for the combined infinitesimal 
cycles as for the single finite cycle. 

General exfremmi for Beversible Cycles, — It was shown above [equation (28)], 
that in a Carnot’s cycle working between the absolute temperatures T and T', a 
quantity of heat Q, being taken in at the former temperature, and a quantity Q' given 
out at the latter, the following relation holds : 

Q ^ ^ 

T T'* 

Or, reckoning heat given out as a negative quantity taken in : 

We have now seen that any reversible cycle may be looked upon as built up from an 
infinite number of infinitesimal cycles. To each of these elementary cycles taken 
separately, the result just pointed out must apply, and therefore it must apply to all 
of them takeu together. "We may therefore write the following equation as applicable 
to every reversible cycle : 

/ -^ = 0 (29) 


Condition of Maximum Efficiency of a Bevemlblc Cycle. — The quantity of heat trans- 
formed into work in a complex cycle may be expressed by 

T.-T,' . 




+ 


Q3 


where the separate terms represent the quantities transformed by the several simple 
cycles, which together make up the complex cycle. If T and T' respectively represent the 
highest and lowest temperatures occurring during the cycle, it is ‘evident that the sum of 

the above terms is less than (Qi + Qg + • • • ) which would express the quantity of 

heat transformed, if the whole quantity taken in during the cycle were taken in at the 
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highest temperature T, and if the whole quantity given out wore given out at the 
lowest temperature T'. 

From this it appears that, in order to get as much work as possible from a given 
quantity of heat supplied to a steam-engine, or other contrivance for transforming 
heat into work, the supply of heat should take place at as high a temperature, and 
the withdrawal of heat at as low a temperature, as possible. 


Application- of Thermod-vnamic Principles. 


Many important consequences may be deduced from the two fundamental principles 
discussed in the preceding paragraphs. The first principle tells us that, when heat is 
transformed into work, the work done bears a constant ratio to the quantity of heat 
that disappears ; the second enables us to determine the proportion of a given quantity 
of heat which undergoes transformation under definite conditions. Combining the 
two, we are able, in relation to many physical processes to establish equations which 
exhibit on one side the work done during the processes expressed in terms of 
mechanical quantities, while on the other side we have equivalent expressions in terms 
of thermal quantities. 

Belatiom between the Thermal Coejpcients . — Of the nine coefficients introduced at the 
beginning of this article for the purpose of expressing the thermal relations of differ- 
ent bodies, only a, the coefficient of expansion, e, the coefficient of elasticity, and 0, 
the specific heat under constant pressure, have hitherto been made the subjects of 
direct experimental determination. It is therefore essential, if the formulae in which 
these coefficients occur are to have any definite meaning, that their values should be 
known in terms of the three coefficients already mentioned. We proceed to show how 
this knowledge can be arrived at. 

We recall in the first place the following relation between the coefficient of in- 
crease of pressure and the coefficients a and e, equation (4), namely ; 


a ® ® 

P 

Considering now an infinitesimal Carnot’s cycle, we have as the thermal expression 
for the work done, J dQ, and as the mechanical expression for the same, dp dv ; 
whence the equation 

m 

J = _ dp dv. 


But here dQ is the quantity of heat taken in during a small isothermal increase of 
volume dv at the temperature T: hence, by (5a\ we have dQ=ldv. Also, to 
determine dp, the amount by which the pressure during expansion exceeds the pres- 
sure during compression, we have dp = dT, where is the rate of change of 

aT 

pressure with temperature when volume is constant. Introducing these values into the 
above equation, we get : 

T 


J I dv = 


dT dT 


. dT . dv 


I = 


by (2) 


dp 




= 


k30) 


Combining equations (5a) and (6b), and putting dp = 0, we have 
. dv 


c = I 


by (SO) 


dt 


= Iva 


T a- 6 

J — 


(31) 


if p = “ is put for the density (mass of unit volume) of the substance, 


VoL. Yin. 


e I 
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Putting dt-% equations (5a) and (55) give 
djp 

_ _ T a 

^ s p . . . . ■ 

In the sape way (5a) and (5c) give 

odt + I dv — Kdp + A dv ; 

whence, if c? u = 0, 

tc - c— ^ g _. <? 

df 2^ ^ ^ 

or, by (31), 

« » C - T « 

a 6 J p 

and (6b) and (5c), if dp = 0, give 

A = C — = C — = C ^ 

, dv a V a 


■ ( 32 ) 


• (33) 

• (34) 


Coefficient of Adiabatic Elasticity , — The coefficient of volume-elasticity of a sub- 
stance is defined as — n but the ratio dp .* dv depends not only on the nature of 
dv 

the substance, but also, as already pointed out in the case of gases, upon the thermal 
conditions to which it is subject. If temperature remains constant, the above expres- 
sion represents the coefficient of isothermal elasticity, e. Its value is given by (5a) 
and (55), which, if dt « 0, yield 


6 


iv 


The coefficient of adiabatic elasticity E is given by (5c) on putting dQ = 0, namely, 


E = - v & = v~-. 

dv K 


which, on substituting the values of A and k from (34) and (33), becomes 


® = — 

rc7 

or, when the multiplier of € in the denominator of this expression is a small quantity, 
as it usually is in the case of solids and liquids, we have approximately 

.=,(.*«) . . ... <s., 

Dividing (35) by e, we get for the ratio of the coefficients of adiabatic and isothermal 
elasticity 


E 


1 

Ta^g * 
JCp 


. (36) 


But it will be seen from equation (31) that this is the ratio of the specific heat under 
constant pressure to the specific heat at constant volume. Hence, for all bodies, the 
ratio of the two elasticities is equal to the ratio of the two specific heats, or 



The various thermal coefficients, as well as the coefficient of adiabatic elasticity, 
have thus been expressed in terms of the three which can most easily be made the 
subject of direct measurement. The expressions now given are of general application, 
and include, as special cases, the formulae given above (p. 1927) as applying to 
perfect gases. This follows at once from the relation T a« 1, a being the coefficient 
of expansion of a perfect gas. 

Absolute Scale of Temperature . — As already explained, the temperatures denoted in 
the above formulae are supposed to be measure(i by a perfect gas thermometer, and 
reckoned from the natural zero of such a scale. But, inasmuch as no known substance 
possesses the properties attributed to a perfect gas, a perfect gas thermometer can be 
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only an ideal insfcniment. If, however, we can ascertain how far the properties of a 
real gas differ from those of an ideal perfect gas, statements of temperatnre referred 
to a thermometer filled with this gas can be translated into the corresponding values 
referred to a thermometer constructed with a perfect gas. Experiments having this 
object in view have been carried out by Dr. Joule and Sir WiEiam Thomson {I*hil. 
Trans. 1854, p. 321 ; 1862, p. 579). Their method was to force a gas in a continuous 
stream through a porous plug olSfering so much resistance to its passage that the gas 
escaped from the plug with only a negligible velocity, even when the difference of pres- 
sures on the two sides of the plug was considerable. If, during such an experiment, the 
gas does not lose or gain heat, it appears, from (24), that, in the case of a perfect gas, 
there would be no change of temperature — the final result being simply that the 
pressure of the gas is diminished and its volume increased by its passage from one 
side of the plug to the other. Accordingly, since no internal work is done during 
increase of volume of a perfect gas, no heat is used up and no change of temperature 
takes place. In the gases experimented upon, a slight change of temperature was 
always observed — namely, a fall of temperature in the case of air, nitrogen, oxygen, 
and carbonic acid, and a very slight rise in the ease of hydrogen. The alteration of 
temperature for a given gas was found to be proportional to the change of pressure, 
and smaller at high temperatures than at low temperatures. By determining the 
ratio of the change of temperature to the change of pressure undergone by a gas under 
these circumstances, data were obtained by means of which, in conjunction with other 
data respecting the properties of gases derived chiefly from Regnault’s observations, 
it is possible to give numerical statements of temperatures which do not depend upon 
the special properties of any particular substance. The following statement of the 
reasoning by which this result is arrived at is essentially abridged from Sir William 
Thomson’s article Heat in the Eneyclop. Britan, 9th ed. xi. 

Consider in the first place a series of four operations constituting a closed cycle 
performed on any substance as follows : — 

‘(1.) Alter the bulk or shape of the substance till it becomes warmer to any 
desired degree. (2.) Keeping it now at this higher temperature, alter bulk or shape 
further, and generate the heat which the substance takes to keep its temperature con- 
stant, by stirring water, or a portion of the substance itself if it is partly fluid, and 
measure the quantity of work spent in this stirring. (3.) Bring the substance back 
towards its original bulk and shape till it becomes cooled to its original temperature. 
(4.) Keeping it at this temperature, reduce it to its original bulk and shape, carrying 
off, by a large quantity of water, the heat which it must part with to prevent it be- 
coming warmed. Find by a special experiment how much work must be done to give 
an equal amount of heat to an equal amount of water by stirring. Then the ratio of 
the first measured quantity of .work to the second is the ratio of the higher tempera- 
ture to the lower on the absolute thermodynamic scale.’ 

It will be seen that the definition of absolute temperature given in this paragraph 
agrees with that already given in this article, but that it is put in a more general 
form. If we suppose the changes of temperature taking place in operations (1) and 
(3) to be infinitely small, the corresponding changes of stress will also be infinitely small. 
If we suppose the stress upon the working substance to be a uniform pressure over the 
whole surface, and that its average amount during the second operation isp, its 
average value during the fourth operation will be jp =F or infinitely near to its value 
during the second (the 'plus sign would apply in the case .of substances such as water 
below 4*^ C., or a mixture of water and ice, whose temperature is lowered by increase 
of pressure) ; if, further, the change of bulk during the second operation is denoted 
by u, the work done during this operation will be w —p % and it will exceed the work 
done during the fourth operation by an amount dw^udp. This then is the amount 
by which the work done by the substance upon external bodies during the whole 
cycle exceeds the work done by them upon it. We may, therefore, in accordance 
with equation (28), -write 

dH _ dw _ u dp 
T w w ’ 

or, multiplying numerator and denominator by p, 

T w ' p ... V 

The first factor on the right-hand side of this equation,, called by Sir W. Thomson the 
‘ work ratio,’ expresses the ratio of the work done by the working substance upon 
external bodies during the second operation of the above cycle, to the total amount of 
work done upon it : the statement of the equation may therefore be put into words as 
follows ; — 


6i2 
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rm. f f iltc iniaiitenmnS, rise of temperature to the whole absolute terap^ature 

„ Si ./ .i< wn— > ^ 

ioiSeWtofe amKcation of definition of absolute temperature in 

.V pressure in all direetions. Let 

*^!,?^’Bltri 3 ressurLnd volume, and let e be the energy which must l^e given to it 

— t. Tb. 

energy of the body will thus become greater by the amount ^ . dv. At the same 

tiio •hr^rl'tr m exDandine and pressing out the matter around it does work to the 
exTenl^S^^^^ quantity of work required to generate the heat 

given to it must 

Consequently the work-ratio is ^ad therefore by (38) 


dv 


DT 

T 


dp 

Y 


P = 


de 

dv 


+ p 


de 

dv 


dp 


(39) 


+ P 


,i„, DT amt,, th. “iS.?"s.i'g'5r*G£'£; 

:?alS5a SXS^ i t S» t«ay i. V J f th. ao.» .p.. 

it by pressure from without, or 

^ dv + dp ^ p dv, 

dv dp 

the negative sign on the right meping that the change of volume & is negative if 
the change of pressure dp is positive. Hence 

de 
dp 


dv = 


de 


- dp- 


+ P 


But 


or, by the last equation, 


BT - 


BT - 


dp 


dp + 


dv 


dv. 


Up. 

dv 


+ Pj 


Eliminating ^ from this by (39), we get 

dT 


T = U i) 


de 


dp 


dv 


(40). 


To connect this result with the experiments on the passage of fluids thro^h a 
uorous nC we may proceed as follows :-Let p+ Sp be the constant pressure on the 
fluid before passino- the plug, and p the pressure on it beyond the plug. If, as the 
tse crZ” air, nitogen, earbonic acid, and no doubt many rther 

mses the fluid leaves the plug cooler than it enters it, let Sw be the amount of work 
which spent in stirring theVid flowing from the plug, would restore unit-mass of it 
to Se onginal temperlture. If, on the other hand, the fluid is warmed by passing 
the plug, as is the rase with hydrogen and all ordinary liquids, let Sic denote the 
work tL must be done in stirring water in order to warm it as much as « would he 
warmed if employed to cool unit-mass of the flmd on the second side of the plug to 
Z^mperatoe whiehithadonthe first side. In this case 8«; is to he reckoned 
negative as it is the mechanical equivalent of heat taken away from the ^ ”! 

toSaltemUratnre. Letv and u + Sr, s and s + Ss, respectively, represent the votoe 
and eSrev of imib-mass of the fluid before and after passing the plug, the symbols in 
each casfheing imdersteod as referring to the fluid in the tranquil parts of the stream 
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where it is tmafifected by the rapids caused by the plug or by the eddies due to the 
stirring. Then the work done upon the fluid while approaching the plug,#and done 
by it while flowing away from the plug, will be the same as if it were pressed towards 
the plug by a piston exerting a constant pressure per unit of surface, and^ a 

piston exerting a constant pressure "were pushed forward by the escaping fluid. 
The work done by the first piston upon Tinit-mass of the fluid would be 
(^ + 5 y»)(t;+ 52 ;), and that done upon the second by the same quantity of fluid pv. 
The whole quantity of work done on unit-mass of the fluid therefore exceeds the work 
done by it by 

(p + + Su) ~ + Sw = yjSu + + Sw, 

and this consequently must be the gain of energy by the fluid, or the amount by 
which e, the energy per unit-mass beyond the plug, exceeds e + Se, the energy per 
unit-mass of the fluid approaching the plug : that is, 


— de ^ p dv + V dp + . . . . (41) 

Now the combined effect of the ^lug and the stirring is to make the temperature of 
the fluid the same, notwithstanding the change of pressure from 4- to p, and the 
change of volume from v+Sv to v; in other words, the changes of temperature cor- 
responding to the changes of pressure and of volume taken separately are such as to 
compensate each other, or 


ST 


that is. 


dT 

dp 


dp 4- 


^T 


dv 


Si; = 0; 




dT . 


de 

dv 


dv. 


And the change of energy may be written 

Se = ^ S: 
dp 

Putting these values of dv and de into equation (41), and at the same time dividing 
by 5p, we get 

/ ' de\ dH , dH de , dw 

V dv)'^’ dv dp 

Combining this with (40), we have 

f + If, 

dv op 

or, dividing by v and taking reciprocals of both members, 
i; dT 1 


5p* 


T 4- 


T dv 


1 4- 


1 dzv 
V dp 


(42) 


This shows that if, for any one fluid, and for some one value of the pressure p, 
the heating or cooling effect due to passage through the porous plug were at all tem- 
peratures to be nothing, so that the work dw required to undo the change of temper- 
ature should vanish, then for this fluid 


-y ^T _ 1 
T dv 

or, by integration, 

T = Bu (43) 

where B is an arbitrary constant. Prom this we infer that, with this particular fluid 
for thermometric substance, with the particular pressure of the experiment, and 
throughout the range of temperature for which the result 5^0 = 0 has been obtained, 
absolute temperature is shown on a scale graduated and numbered in simple propor- 
tion to the whole volume of fluid. 

Now Joule and Thomson’s experiments showed that for pressures of from one to 
five or six atmospheres, hydrogen, air, nitrogen, oxygen, and carbonic acid, all some- 
what nearly fulfil the condition of passing through a porous plug without change of 
temperature — hydrogen much more nearly, and carbonic acid much less nearly than 
any of .the others. Hence we infer that absolute temperatme is somewhat nearly 
proportional to the volume of the fluid, if any one of these gases is used in a constant- 
pressure thermometer. Further, since we know from the experiments of Hegnault 
and others that the ratio in which volume- changes under constant pressure, for a 
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given alteration of temperature, is nearly the same for these gases (at least, leaving 
out carbonic acid) as the ratio in which pressure changes at constant volume for the 
same alteration of temperature, we also infer that absolute temperatures are some- 
what approximately shown by a thermometer graduated so as to show the pressure 
of one of these gases when kept at constant volume. 

We see, then, that the assumption commonly made, that temperatures measured 
by an air or gas thermometer are approximately absolute temperatures, is justified. 

To determine the degree of approximation that can be thus made, we must return 
to equation (42). The quantity of work, Sw, required to undo the cooling effect can 
in practice be most accurately estimated by help of the specific heat of the fluid and 
the me(ianical equivalent of heat. If C be the specific heat under constant pressure, 
and J the mechanical equivalent, we have 

dw - JC5T, 

and therefore (42) becomes 


'VdT_ 1 

T ” 1 + L2 !?- 


■ m 


It is to be noted here that the change of temperature 5T can only be expressed in 
arbitrary measure, as we have not yet established a natural system of thermometry ; 
it is, liowever, sufficient for our reasoning that J shall denote the dynamical equivalent 
of a water-gram-degree upon the same thermometer as that upon which the interval 
5T is measured. 

The experiments showed ST to be simply proportional to Sp, not only for infini- 
tesimal differences of pressure, but for differences amounting to 6 or 6 atmospheres. 
In the case of hydrogen, the observed effect was an increase of temperature (Sw; there- 
fore negative) amounting, on an average of the experiments at different temperatures, 
to 0*039 of a degree centigrade for a difference of pressure on the two sides of the 
plug equal to the pressure due to a column of ice-cold mercury 76 cm. in height. 

5T *039 

Denoting this pressure by 11, we have then ™ = — , whence 

op n 

^ ^ 1 

1 _ 0*039 ~ 

nv 


Writing this 


T 


dv 

V - 0-039 ~ 

n 


we get by integration 

T = B (o - 0-039 L®) .... (45) 


Now let To denote the absolute temperature corresponding to 0° C., T,oo the absolute 
temperature corresponding to 100° C., and let and Vn,,, be the volumes occupied by 
unit-mass of hydrogen at the same two temperatures when under any constant pressure 
(say, from 1 to o or 6 atmospheres) within the limits of Joule a. Thomson’s experi- 
ments, then (45) gives 

T„ = B(f„ - -039 ^^?) and T,„„ == - -039 

whence 


' ^100 '^0 
To 


'^100 - ^0 

- -039 — 

" n 


(46) 


If we make T,,,,— T„ = 100 and put H for ^^122 — the expansion of hydrogen 

^0 

constant pressure, from 0° to 100'=‘ 0. referred to the volume at 0° taken as 
(46) gives 




100 

H 


A - •039iL5.Y 
V n oj 


If Vo denote the volume of unit-mass of hydrogen under pressure n instead of 
the actual pressure this becomes 


under 

unity, 


under 


100 A 


JC 
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To obtain the numerical value of T„ from (47), we have the following data : 

H, for hydrogen under constant pressure of 1 atmosphere — *36613, 

whence = 273 *13 (Begnault), 
il 

0 = 3*409 (Eegnault), 

J = 4*175 X 10’' ergs. (Joule), 
nVo= 1*1316 X (Begnault). 


Putting in these numbers, we get 

% - 273*13 ^1 


0*0004t) 

%) 


or, since the pressure under which expansion takes place is supposed to be atmospheric, 
and therefore Vq = Vq, 

^To == 273*00. 


The experiments on air lead to almost an identical Talue for T^, and those on 
carbonic acid to one not very different. In each of these gases, passage through the 
porous plug caused a lowering of temperature, which was found to vary very nearly in 
the inverse proportion to the square of the temperature C, by mercury thermometer, 
with 273 added. Hence nearly enough for use in the small term of the denominator 
of (44) 

= (49) 

8^ V T ^ n 


where T denotes, as before, absolute temperature, and A the amount of the cooling 
effect per atmosphere difference of pressure on the two sides of the plug, at the. tem- 
perature of melting ice. The values of A found for air and carbonic acid are 0*275 
and 1*388 respectively. As the proper mean value to apply between 0° and 100° C., 
Sir W. Thomson calculates 0*756 A, which gives 0*208 for air, and 1*049 for carbonic 
acid, as the factors to be substituted for —0*039 in (47) to* make it apply to these 
gases. As to the other data, we have 


H = 0*36706 for air, 0*3710 for carbonic acid 
0 = *2375 „ *2006 (mean sp. ht. from 0° to 100°) 

nV(, = 7*84x108 „ 5*13x108 


Using these numbers, and taking we get 

100 
•36706 

273*14 (by air). 


To = 


(1 + *0026) = 272*44 x 1*0026 


and 


To = - 


100 


*3710 


(1 + -0171) == 269*5 X 1*0171 



= 274*15 * (by carbonic acid). 


Of the three values thus arrived at for the absolute temperature of melting ice, 
Sir W. Thomson regards that derived from air as the most trustworthy on account of 
the greater ease, and therefore probably greater accuracy, with which the requisite 
numerical data can be determined in the case of air as compared with the other gases. 
The true temperature of melting ice may therefore be taken as 273*1 from absolute 
zero. The meaning of this residt is that the ratio of the absolute temperature at 
which saturated water-vapour has a pressure equal to that of 76 cm. of ice-cold 
mercury to the absolute temperature of melting ice is 373*1 .* 273*1. 

Determination of Absolute Te^nperature by Observations with a Gonstmt-Dressure 
Air Thermometer, — The temperature of melting ice being known, it is easy to deduce a 
formula to express the temperature in degrees of the absolute centigrade scale at 
which a quantity of air measuring % c.c. at 0° C. occupies any observed volume v 
under the same pressure. For this purpose, we first generalise equation (45) by 
putting, instead of the numerical factor —0*039 applicable to hydrogen, the symbol 
m to stand for the mean cooling effect, corresponding to the range of temperature in 
question, produced in any gas when the difference of pressure on the two sides of the 


^ Tbis number differs slightly from that calculated by Sir W. Thomson (op. cit. 673), namely 
273*9. Thomson takes the mean cooling effect for carbonic acid as 1*105, which seems inconsistent 

10ft 

with his own data, and finds 1*0163 for the final multiplier of Ar. 

*»71 
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plug is n (1 atmospliere). m is to be reckoned negative when, as with hydrogen, the 
gas is heated by passing through the plug; its value at g-ny temperature i reckoned from 

zero centigrade is nearly A + given by (49), the value of t 

being known, accurately enough for use in this formula, by a mercurial thermometer. 
We thus get 


T = B 

• (50) 


which gives, as in (46), 



T - To _ -y - % ^ ^ % 

1 


To % 1 

JO 

+ m 

n^o 


whence 




•^) • 

• (51) 


where D = ^ is the relative density of the gas at 0° C. referred to the density of the 
% 

same gas at 0° and under atmospheric pressure, n, taken as unity. Putting in numerical 
values and making n one atmosphere, and therefore D=s 1, we obtain from (61) 

t = 273-1 ~^(l - 0-0126 m). 

This formula applies, with the proper value of m, to air, oxygen, hydrogen or nitrogen, 
the value of 5, or the specific heat of the quantity of gas occupying unit-volume 

(1 c.c.) at 0° C., and under atmospheric pressure being nearly the same for all of these 
gases according to Begnault. For 100°, the value of is ~0'039 for hydro^’cn, 
+ 0*208 for air, + 0*253 for oxygen, and 0*249 for nitrogen. ^ ’ 

Another formula for use with a constant-pressure gas thermometer is easily derived 
from (51), namely, 

' = [‘ - - -••>] 

= 100_LzJ^[l - 0-0126D(w - «!,„)] 

where Vj^o is the volume assumed by the gas at 100° C., m the mean cooling effect for 
the interval of temperature 0° C. to z?, and m,oo the value for the interval 0° to 100° C 
Hitherto the constant-pressure gas thermometer has not been constructed in a 
form convenient for practical use. Sir William Thomson, however, has desio-necl and 
given a detailed description of such an instrument (qp. cit. 575, 576), as to ^hich he 
says, * It seems probable that the constant-pressure hydrogen or nitrogen gas thermo- 
meter, which we have now described, may give even more accurate thermmnetry than 
Eegnault’s constant-volume air thermometers, and it seems certain that it will be 
much more easily used in practice.* , 

Constant-volume Air Thermometer , — A constant-volume air thermometer was em- 
ployed by Prof. Eowlsnd for reducing to absolute values the temperature-observations 
connected with his determination of the mechanical equivalent of heat (see above 
p. 1926). If we put B for the temperature directly indicated hy the instrument itself 

without correction to the absolute scale— that is, if we make 6 = 100 ^ ^yhere 

Tim andi? are the pressures exerted by the constant volume of gas^n t^e thermo- 
meter at 0°, 100°, and the temperature t to be determined respectively, the formula 
deduced by Eowland from Joule a. Thomson’s experiments may be written 

j} ~ T - To = 0 - 0*00088 0 

273 + 0‘ 

By means of this formula, Eowland has calculated the following table for reducing 
the readings of the constant-volume air thermometer, containing air of normal density 
to the equivalent temperatures on the absolute scale counted from 0° C. 
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Beading of 
air-tbennometer 

e 

Absolute temperature 
above 0° C. 

« = T - To 

Correction to 
air-thermometer readings 
t - 6 

0° 

0- 

0 

10 

9*9972 

-0*0028 

20 

19*9952 

- *0048 

30 

29*9939 

- *0061 

40 

39*9933 

- *0067 

50 

49*9932 

- -0068 

60 

59*9937 

- *0063 

70 

69*9946 

- *0054 

80 

79*9956 

- *0044 

90 

89*9978 

- *0022 

100 

100*000 

0*0 

200 

200*037 

+ 0*37 

300 

300*092 

+ *092 

400 

400*157 

+ *157 

500 1 

500*228 

+ *228 


Latent Meat . — The value of the coefficient that we have represented by the symbol 

T d'D • 

If or the ‘ latent heat of expansion/ is given by equation (30), as — . Its physical 

J cLx 


meaning appears from (5^z), namely —o dv, and may be stated to be the 

quantity of heat required to came uuit increase of wlurm at constant temperature. 
The term latent heat, however, in its most usual sense means the quantity of heat that 
must be given to imit-enass of a substance to cause a change of condition at constant 
temperature and pressure. Let L stand for latent heat in this sense, and let u be 
the change of volume taking place during change of state of unit-mass. We then 
get immediately 

L = ulf 


or, by (30), 


L = 4 


, T 

'J IT 


(52) 


The value of u may evidently be written = for the volume of unit- 

mass of the substance in its first state, and So for the volume of unit-mass in the 
second state, that is, the state into which it is transformed by receimng heat. 

Application to Water-vapour. The extent of agreement between this 
formula and the results of observation can be tested most satisfactorily in the case of 
w^ater, as the data required for applying it are better known for water than for any 
other substance. Fairbaim a. Tate’s experiments {^hil, Trans. 1860 ; also iii. 97 
of this work) give the value of ^2 saturated steam for a considerable range of 
temperature, and Eegnault’s experiments give the means of determining the values of 

T Tables of this latter quantity have been calculated from Regnault’s results 

by Count P. de Saint-Bohert (Principes de ThermodynamiquCf Turin, 1870), and his 
numbers are employed in the following comparison. 


Latent Heat of Water-vapour. 


Temperature 

u 

T 

dH 

L 

calculated 

L 

Begnault 

273 + 58*2 

8274*3 

2905*5 

565-7 

565*9 

„ 68*5 

5332*5 

4455*9 

557-S 

558*7 

» 77*5 

3714*1 

6314*0 

551*8 

652*4 

86*8 

2622*4 

8854*1 

546*3 

546*8 

» 92*7 

2148*5 

10859*0 

549*0 1 

541*6 

n 117*2 

942*1 

23404*1 

518*8 

524*3 

„ 139*2 

496*2 

42506*5 

496*8 

608*6 

» 144*7 

432*1 

48766*4 

496*9 

504-6 


It will be seen that the agreement between the calculated and experimental values of 
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L is such, as to afford a striking confirmation of the reasoning employed in deducing 
equation (52). 

InUrMil Latant Beat . — In general, change of yolume takes place during change of 
state of aggregation, and therefore work, equal in amount to the product of the change 
of volume into the average pressure under which it occurs, is done either hy or upon 
the body, and the mechanical equivalent of this work is included in the value of L as 
given above, together with what may be called the internal or true latent heat, that 
is, the heat consumed in overcoming internal molecular forces. Accordingly, putting 
T for the internal latent heat, 


L - 


( pdu 


Or, when the change takes place under constant pressure 

■ Z 
J 

From this expression we may eliminate either L or by means of (52) and write 
either 


-i/i- j- 

T 

W I I 


(53) 


Latent heat of Dissociation . — The process of gradual decomposition with rise of 
temperature, or diminution of pressure, or both, to which the term ‘ dissociation’ was 
applied by Deville (vi. 425, vii. 636, viii. 1009), is exactly analogous, from a physical 
point of view, to the process of evaporation, and equation (53) applies directly to these 
phenomena, r being the quantity of heat required to dissociate unit-mass of substance 
at absolute temperature T under pressure^;, and it the difference between the volume at 
this temperature and pressure of the dissociated products and the volume of unit-mass 
of the original substance. 

The quantity of heat t usually includes heat spent in causing change of physical 
state as well as that spent strictly in causing chemical decomposition. "When the 
former quantity is known, the latter can be found by subtraction. For example, when 
aqueous vapour is formed from (say) dilute sulphuric acid, part of the heat required 
for its formation goes to cause vaporisation, and the remainder to cause dissociation 
of the water from the acid. Let r be the total internal latent heat required for the 
formation of 1 gram of water-vapour from dilute sulphuric acid at absolute tempera- 
ture T, and let p be the maximum pressure of the vapour given off by the acid at this 
temperature, and u the volume occupied by 1 gram of vapour at temperature T and 
under pressure p ; also, let 7\, p^, and have corresponding meanings in the case of 
pure water. Then we have 

and therefore for the heat spent in causing purely chemical change 

In the particular ease selected for illustration, pi is rather less than p, and ttj rather 
greater than u ; hence, at any rate for any considerable degree of dilution, pxi—p^a^ 
cannot differ much from zero, and we may write approximately 

T - r = 

' s \dT St ; 

for the heat required to separate 1 gram of water from dilute sulphuric acid. 

Specific Volume of saturated Vapour . — If the latent heat of vaporisation at a given 

temperature T is known by direct experiment, and also the values of ^ at the same 

c^T 


temperature, equation (52) gives 


as the difference between the specific volume . 


JL dJl_ 

T ■ dp 

[ of the liquid and l 


that of the vapour 
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at temperature T. The former being known by experiments on the expansion of the 
liquid, the latter can be at once calculated. 

Limit of the Liquid State. Critical Temperature . — If Sj be the specific volume of 
a liquid and ^2 that of the corresponding saturated vapour, continually increases 
(except in a few cases, such as that of water below 4° 0.) and 5o continually decreases 
as temperature rises. Hence at some sufficiently high temperature we must have 
5 i = 52 . At this temperature we have u=0, and therefore (equation 52) LaiO. Con- 
sequently the state of vapour is here continuous with the liquid state, inasmuch as 
the passage from one to the other takes place without change of density or the 
absorption of heat. The temperature at which this occurs is e^led by Hr. Andrews 
the ‘ critical temperature.’ 

Influence of Fressure m Melting-point . — Another application of the same funda- 
mental formula (52) as that from which the last results are derived shows that in 
general the melting point of a solid body must change with the pressure to which it 

• • dn 

is subject. The factors T, L, and T being all positive, it follows that — must be of 

the same sign as u ; that is, when u is positive (specific volume of liquid greater than 
that of soHd), dT must be of the same sign as dp^ or the melting point must rise 
with increase of pressure; on the other hand, if u is negative (sp. volume of liquid 
less than that of solid), the melting point must fall with increase of pressure. This 
remarkable result was first pointed out by Professor James Thomson in 1849 in the 
case of ice, and was verified experimentally in the following year by Sir William 
Thomson (J. Thomson, Edioih. Boy. Soc. Trans. 1849, xvi. 1 ; W. Thomson, Edinh. 
Boy. Soc. Proc. Pebruary 1850 ; Phil. Mag. 1850, [3], xxxvii. 123). 

If Sy denote the specific volume of ice at 0® C., the specific volume of water at 
the same temperatime, and L the latent heat of fusion of ice, equation (52) gives 

— (gg— Si)T 

dp JL ^ 


According to Eossetti (vi. 672) the density of water at 0® compared with water at 4® 
is 0*999871, and according to W. H. Miller its absolute density at 4® is T000013. 
Hence for So we have 


1 

1*000013 X 0*999871 


1*000116. 


The value of is given by Bunsen’s determination (vi. 681) of the relative density of 
ice at 0°, namely 0*91674, whence 

S, = ^ ^ = 1-09080. 

‘ 1-000013 X 0-91674 

For L, Bunsen’s experiments (loc. cit.) give 80*025. We have, therefore, 

c^T _ 1*000116 - 1*09080 x 273 __ _ ^ 

dp 4-175 X 10’’ X 80*025 

This shows that an increase of pressure of 1 dyne per square centimeter should lower 
the melting point of ice by 7*41 x 10~® degree centigrade. Taking 1 megadyne square 
centimeter as unit of pressure, the result would be a lowering of temperature equal to 
0*00741° G. Sir William Thomson found experimentally that, in two series of 
experiments in which the pressure was increased from 1 to 8*1 atmospheres, and 
from 1 to 16*8 respectively (1 atmosphere being equivalent to 1*014 megadyne per 
square centimeter), the temperature was lowered by 0’05S6 and by 0*1289 of a 
degree. These numbers give 

0*00725 and 0*00757 

respectively as the lowering of temperature due to a pressure of 1 megadyne per 
square centimeter, the mean being identical with the calculated number. 

Experiments by Mousson in which much greater pressures were employed, 
whereby the melting point of ice was lowered to — 18® 0., are described in the article 
Heat (iii. 76). 

In the case of substances whose specific’ volume is greater in the liquid than in 
the solid state, theory indicates that increase of pressure must raise the melting point, 
a conclusion which is verified by the results of experiments by Bunsen and by 
Hopkins, recorded vol. iii. 76. 

Changes of Temperature resulting from the Adiabatic Compression of Solids or 
Liquids . — ^To find the change of temperature resulting from a given change of pressure 
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in a solid or liquid, we may start from equation (6b), namely, <^0,-0 dt->rhdjp. If 
there is no loss or gain of heat, or = 0, and we get, on substituting the value of 
k from (32), 





An equivalent expression, giving the change of temperature in terms of the change of 

volume dv, is obtained by replacing-^ in (55) by — EfZv, where E is the coeffi- 

p 

cient of adiabatic elasticity, and then putting for E its value from (35). This gives 



Tae J p 


. (56) 


Equation (55) has been verified by Joule (Phil. Trans. 1859, 133) by experiments 
on the effect of pressures suddenly applied to water and to oil. The results, with the 
data required for comparing them with the calculated values, are given in the follow- 
ing table, where ur denotes the pressure (in megadynes per square centimeter) and Q 
the rise of temperature ('w and 6 here answer to d/p and dT respectively in formula 
(55)). The value" of J is taken throughout as 4T75 x 10^ 


Thermal JEffect of Compression of 'Water. 


T 

a 

C 

p 

<0 

Experiment 

9 

Calculated 

27-3 

+ 

1-2 

- 0-000050 

1-00006 

0*99994 

25-69 

- 0*0083 

- 0-0084 


+ 

5 

+ 0-000016 

1-00025 

■99999 

25*69 

-f 0*0044 

+ 0*0027 

JJ 

+ 

11-69 

'000115 

1-0006 

•99958 

25*69 

•0205 

*0202 

37 


18-38 

•000193 

1-0011 

•99858 

25'69 

•0314 

*0346 

7} 

-r 

30 

i -000300 

1-0021 

-99577 

25*6& 

•0544 

•0561 

M 

+ 

31-37 

•000303 

1-0022 

•99436 

15*86 

•0394 

•0352 

}> 


40-4 

•000396 

1-0035 

•99220 

15*86 

•0450 

•0475 


With oil the results given in the following table were obtained, showing that the heat- 
ing effect at a given temperature is proportional to the pressure applied : 


T 

m 

Experiment 

Calculated 

273 + 16 

7-93 

+ 0-079 

+ 0-089 

„ + 17*29 

15*86 

•169 

•176 

„ + 16-27 

25*69 

t 

•266 

•284 


In consequence of practical difficulties no experiments have hitherto been made on 
the thermal effects of the adiabatic compression or extension of solid bodies by 
stresses acting equally in all directions. The only obvious way of exerting a uniform 
pressure over the whole surface of a solid is to immerse it in a fluid through which 
the pressure is transmitted ; but when this is done it becomes extremely difficult, if 
not impossible, to separate the thermal effect due to compression of the fluid from that 
due to compression of the solid. The changes of temperature produced by the sudden 
application or removal of forces tending to produce longitudinal extension or com- 
pression have, however, been studied in the case of uniform rods or wires of several 
materials hy Joule (Phil. Trans, 1859, 91) and by Edlund (Pogg. A 7 in. 1861, cxiv. 1 ; 
1865, cxxvi. 539). In order that equations (55) and (56) may apply to such eases, we 
must modify them by introducing M, Young’s modulus of elasticity, in place of €, and 
must take p to stand for the mass of unit length of the rod, and a for the coefficient of 
linear expansion ; dv also in the latter formula must be taken as a change of length 
instead of as a change of volume. It should be noted further that the values of M or 
e and p are certainly, and those of G and a probably, somewhat different, for solid 
bodies subjected to considerable stress, from the values of the same quantities for 
bodies not subject to stress : hence a very close agreement between the calculated 
and experimental results is not to be looked for in the case of such experiments. The 
following table, taken from Baynes’s Thermodynamics (p. 152), gives the results of 
some of J oule’s experiments on stretching reduced to absolute measure. 
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T 

ji 

p 

a 

JG 


Calculated 

Experiment 

Iron 

273 + 13*3 

0*429 

1*220 X 10-^ 

4*728 

321*2 

-0*102 

-0*101 

Hard steel 

„ + 1*7 i 

•448 

1*362 X „ 

4*255 

321*2 

- *127 

- *162 

Cast iron 

„ + 9*3 

•525 

1-125 X „ 

4*978 

324*9 

- *109 

- *148 

Copper . 

„ + 1*2 

•377 i 

1*718 X „ 

3*953 

317*7 

- *140 

- *174 

Lead 

+ 4*8 

•075 

2*858 X „ 

1*305 

80*0 

- *036 

- *053 


In this table C denotes the elongating stress, or stretching force in megadynes per 
square centimeter of the cross section of the bars, and 6 the change of temperature, 
•which as indicated by the mmics sign was a cooling effect. Joule also made numerous 
experiments on the effect of longitudinal compression upon metal rods. In these 
experiments a rise of tempeirature was observed, the results agreeing on the whole 
well with those calculated by equation (56) when modified in the way already pointed 
ont, to make it snit the case of longitudinal stress. 

Escape of Liquids from under Pressure . — If a liquid is forced by a piston through a 
narrow channel offering so much resistance to its passage that the liquid escapes with 
a negligible velocity, the temperature of the liquid is raised. This phenomenon was 
made by Him the basis of a method of determining the value of the mechanical 
equivalent of heat (vi. 686, 687). If the piston exerts a constant pressure per unit 
of surface, the work done by the piston in forcing through the channel unit-volume of 
a liquid is Pi. Similarly, if is the pressure (say, that of the atmosphere) which 
tends to prevent the ♦escape of the liquid, the work done against this, during the 
passage of as much liquid as occupies unit- volume while under the greater pressure, 

is pfl + a 6' + ,1 w), if a is the coefficient of expansion, E the coefficient of adiabatac 

elasticity, S' the observed rise of temperature of the liquid, and 'ar—p^ —p^ the decrease 
of press'ure. This last amount of work added to the mechanical equivalent of the heat 
produced’must he equal to the work done by the first piston. How the heat developed 
in the process may be •written C 6, if p is the density, or mass of unit-volume, of the 
liquid while under the pressure p^, B the true rise of temperature, and C the specific 
heat. Hence we have the equation, 


( 

Him, treating 6 and S' as identical, and neglecting the last term, calculates the value 
of the mechanical equivalent as 


E 


a0')- 


JCp0 ~ jpi ^ P2 ^ a B' = w + y?2 


r 


w 

cJb'" 


or, since he also takes C p for water, the liquid experimented upon, as equal to unity, 
his formula becomes simply J' = The most important omission in this mode of 

treating the result is that which consists in taking 6', the observed heating effect, as 
the whole heating effect. According to the last section, a diminution of pressure 
must lower the temperature of water at any point above its temperature of maximum 
density, so that the^ total evolution of heat in Hirn’s experiment must have been 
sufficient to neutralise the cooling due to decrease of pressure as well as to. cause the 

observed rise of temperature. Hegleeting, with Him, the small term p^^ + a 6'^ 

representing external work done by the escaping liquid, we have by the last section 


J =- 


Gp(6'. 


Ta 

JCp. 


'ar(l - Ta) 


J'(l - T «) 


if J' be taken as the approximate result calculated by Hirn’s formula, and if C p be 
put =1, as is very nearly true for water. Him does not give the temperature of the 
water in his experiments, but only the observed change of temperature B'. Conse- 
quently we cannot calculate the necessary correction, but assuming, for the sake of 
getting an idea of the possible magnitude of this correction, that the temperature of 
the water was 10° C., we have a about ==0-000085, and therefore 

J = J'(i _ aT) = 433 11 - 0*000085 x (273 + 10)1 
« 423*7 ^ 
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as the value in meter-grams of 1 gram-degree of heat. Eeduced to ergs, this becomes 
4*156 X 10^, or about per cent, less than Joule’s result, instead of 2 per cent, higher, 
as appears from the uncorrected value. 

Speoifio Heat of Saturated Vapours . — ^We have already had occasion to distinguish 
between the specific heat of the same substance according as it is exposed to constant 
pressure or kept at the same volume. Another important case to consider is the case 
of a mixture of two portions of the same substance in different states of aggregation, 
say liquid and vapour, when the conditions are such that the quantity -of matter 
existing in each state remains unaltered as temperature is changed. The substance 
is then said to be in a ‘ saturated ’ state. The specific heats of solids and liquids in 
the saturated state probably do not difier much from their specific heats under con- 
stant pressure ; but, in the case of saturated vapours, the specific heat is often very 
different from that of the same vapour under constant pressure. The specific heat of 
a saturated vapour may he thus calculated. Let it be denoted by y, and let the 
specific heat of the saturated liquid in contact with it be represented by C'. Also let 
be the volume of unit-mass of the liquid, and V 2 the volume of unit-mass of the 
vapour, and put 2t = V 2 ~'^h‘ 1* Suppose unit-mass of liquid at T converted into 

saturated vapour at this temperature, and the vapour then heated to T -1- dT while 
remaining saturated. The heat required for the evaporation of the liquid is L, of which 


an amount is spent in doing external work, if p is the pressure of the saturated 
vapour. The heat needed to raise the temperature of the vapour is 7 c?T, and of 
this, an amount does external work. Consequently, the total quantity of heat 

employed in doing internal work during the conversion of unit-mass of liquid at T 
into saturated vapour at T + cZT is 


Q = L -{- 7(2T — 4- dVn) 

J 


2. Next, let the same transformation he effected in a different way. Kaise the 
temperature of the liquid from T to T dll, and then convert unit-mass into saturated 
vapour at the higher temperature. The heat needed to raise the temperature of unit- 

does external work. The heat needed for 


mass is C' dl, of which an amount 


the evaporation is L + (2 L, and of this a quantity -1- du') is spent in external 

work. Hence the total quantity employed in doing internal work in this second 
case is 

^ + ^P 


Q' = O'^^T 4- L -f 


4- d u). 


But since in each case a gram of liquid at T has been converted into a gram of 
saturated vapour at T + t?T, the expenditure of heat in internal work must be the 
same in both cases, or Q,= Q,'. Also we have — and du-du^’-dv^^ Conse- 
quently we get for the specific heat of the saturated vapour 


by (52) 


7 - C' -h 
- C' -h 


dli __ 20 dp 

1 

clL 

dl T ’ 


. m 


We may get numerical results in the case of water-vapour as follows : Taking the 
specific heat of water under the pressure of saturated vapour as the same as the 
specific heat under constant pressure, we have, according to Munehhausen (Wiillner’s 
Oompendnwi der Physik, ii. 166) : 

C = 1 + 0*000302 (T - 273) 

== 0*9176 + 0*000302 T 

607*2 - 0*718 (T ~ 273) (see Wiillner, 0^. ciz:. ii. 212) 

803*0 - 0*718 T 

- 0*718 

0-9176 + 0-000302 T - 

TMs expression gives the subjoined numbers for the values of 7 at the follo-B-ing 
temperatures — namely, 


C = 
L = 

dl 

therefore 7 = 
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Temperature from absolute zero 300^ 400® 700® 710® 800° 

zero centigrade . 27 127 427 437 527 

- 1‘669 ->0-969 -.0-081 0 +0-1554 

Thus it appears that, below about 437° C., the specific heat of water-vapour is 
uegative : that is to say, heat must be taken from it to keep it saturated as the tem- 
perature is raised. The physical interpretation of this, at first sight, rather contra- 
dictoi^ result is, that a given quantity of water can evaporate completely in a smaller 
and smaller space as temperature rises ; hence, to keep water-vapour saturated when 
its temperature is raised, it must be compressed into a smaller bulk, and the work 
done upon it by the compressing force is more than equivalent to the quantity of heat 
needed to cause the rise of temperature. This result was discovered independently 
and almost at the same time by Clausius and by Eankine in 1850. 

[For a more complete treatment of the subject of Thermodynamics, readers may be 
referred to the following, among other works': —EanMne, The Steam-Engine and other 
Prime Movers; Clausius, Mechanische Wdnnetheorie (or English translation by W. 
E. Brovrae); Verdet, Thkrie mhcanigue de laohaleur; P. de Saint-Eobert, Prindpes 
de Thermodynamiqiie ; Euhlmann, Handbuch der meehamschen Wdrmetheorie (valuable 
for the completeness with which numerical data are given) ; Wiillner, Pie Lehre von 
der W'drme (forms the third vol. of this author’s Lehrh, d. Experime7ital Physik ) ; 
Jamin a. Bouty, Coiirs de Physique (tome ii. fascicule 2) ; Maxw-eU, Theory of Heat ; 
E. E. Baynes, Lessons on Thermodynamics (an excellent and comprehensive work in 
small compass). Most of the above works have been consulted more or less during 
the compilation of the foregoing article, but use has been chiefly made of Jamin and 
Bouty and of Baynes.] 

a. C. F. ■ 

THERiaOKTEITTRAXiITY'. See Heat (p. 985). 

THETZETES. This name is given to a series of sulphur-compounds analogous 

CH-^— S(C“H2«-'i)2 

to betaine and its homologues, and represented by the general formula | | 

CO— 0 

Only the methyl and ethyl terms are however at present known. See Methyl- 
THETINE (p. 1317). 

THEVETOSZXr. Aglucoside obtained from the seeds of Thevetia YeealiD, C., 
a tree growing in Mexico, and there called Joyote. It crystallises in four-sided 
prisms, dissolves easily in alcohol, and is resolved by dilute sulphuric acid into glucose 
and a resinous body. It is very poisonous, acting as an emetic. The seeds also 
contain a non-drying oil, albuminoids, and extractive matters (Herrera, Phamn, /. 
Trails. [3], vii. 854). 

THZACETAMXBE and THZACETAE’XXiZDE. See Thiamides. 

THXACETXC AITH-S-DRZBE, or Biacetyl Sulphide, (C^H^^O)^*^. Barium 
dioxide acts violently on this compound in the dry state, producing incandescence ; 
but if the anhydride be diluted with ether, the action begins after some time only, and 
is attended -with only slight evolution of heat, the product being acetyl per- 
sulphide, (C‘‘^H^O)“S^ probably formed according to the equation, 2(C“H^O)2S + 
BaO* = (C®H®0)“S‘-' + (C-H^O“)“Ba (Beckmann, J. pr, Chein. [2], xvii. 439). 

THZACETZC ETHERS. Action of Permanganates, — T hiethj^lic ether, or 
Acetyl-ethyl sulphide, C-H^O.S.C-H®, is but slightly attacked by potassium 
permanganate ; but silver permanganate, even in very dilute solution, is quickly 
decolorised by it, with formation of acetic and ethylsulphonic acids. Isopentyl 
thiobenzoate, or benzoyl-isopentyl sulphide, G’H^O.S.C^H^S is but slightly 
attacked by the permanganates of potassium and silver, even at the heat of the 
water-bath. Ethyl thiobenzoate, on the other hand, is converted by silver per- 
manganate in presence of sulphuric acid, even at ordinary temperatees, into benzoic 
and ethylsulphonic acids. 

THXAXiBEHlTXIE, C-H^S. This compound is known only in polymeric modifi- 
cations (H. Klinger, Per, ix. 1893 ; xi. 1023). The oily liquid formed by passing 
hydrogen sulphide into aldehyde has, according to Pinner, the composition 
C“H'*O.C-H^S, and when treated -with acids, yields a precipitate of trithi aldehyde 
orparathialdehyde, which compound may also be obtained directly by 

passing hydrogen sulphide into a strongly acidulated solution of aldehyde (vii. 37). 
Parathialdehyde thus obtained crystallises in white glistening needles, soluble in 
alcohol and ether; it begins to sublime at 45®, and may be volatilised without 
alteration. ^ On adding silver nitrate to its solution in strong alcohol a crystalline 
compoimd is formed having the composition 0®H*®S®,2AgNO®, 
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With ohlcmm or hromine it forms chloride or bromide of sulphur, and chloride or 
bromide of ethylidene, together with more highly chlorinated or brominated products 
(Pinner, Liebig's An7ialen, clxxix. 21). By oxidation with potassium permanganate, 
it yields potassium acetate, sulphuric acid, and potassium ethylidenedisulphonate, 
CmCH(SO*.OK)2 (G-uaresehi, Gazz. cUm. ital. 1879, 75). 

When this parathialdehyde is heated on the water-bath with acetic or benzoic 
chloride, it is converted into a new modification (distinguished by Klinger as 
jS-parathialdehyde) which has the same composition and vapour-density as that above 
described, and likewise crystallises in glistening needles, but melts at 125°, and boils 
with very slight decomposition at 245°~2i8°. With silver nitrate, it forms 
two crystalline compounds, viz. C®H^^S®,AgNO-'* (compact colourless needles) and 
(thin nacreous laminse), which dissolve sparingly in boiling alcohol 
and detonate when heated. 

A third modification, a-parathialdehyde, is produced by subjecting the compound 
suspended in water, and frequently agitated, to the prolonged action of 
hydrogen sulphide. An oil is thereby obtained which yields only traces of ordinary 
parathialdehyde when treated with dilute acids, but on dissolving it in ether, drying 
the solution over calcium chloride, distilling off the portion which volatilises below 
140°, and mixing the residue with a small portion of aldehyde, a-parathialdehyde is 
obtained. This modification crystallises from alcohol or glacial acetic acid in prisms, 
melts at 101°, boils between 246° and 247°, and forms with silver nitrate the com- 
pounds C‘*H’^S®,Ag'NO* (concentric groups of dull white needles) and 0®H.^2S®,3AgNO’^ 
(microscopic prisms), both of which are permanent in the air, and are decomposed by 
alcohol only after prolonged boiling. 

a-Parathialdehyde is converted by acetyl chloride into the iS-modification, and the 
latter is also produced, instead of the a-modification, when the oil obtained as above 
mentioned for the preparation of the latter by means of hydrogen sulphide, is dis- 
solved in strong sulphuric acid, and the solution is mixed with water, the iS-modification 
then separating out. Both modifications may be crystallised from aldehyde without 
alteration, and yield the same products by oxidation with dilute nitric acid, viz. acetic 
acid, aldehyde, carbon dioxide, oxalic acid, sulphuric acid, and sulphur. When 
exposed to the vapours of fuming nitric acid, they yield sulphonic acids, in addi- 
tion to the products just mentioned. They are but slowly oxidised by strong nitric 
acid. 

The oil, formed as above described from the compound is converted 

by ethyl iodide into triethylsulphine iodide, (02H‘'^)®SL 

= (v. 772 ). By oxidation 

in dilute solution with potassium permanganate, this base is converted into sulphuric, 
acetic, and syrupy ethylidenedisulphonic acid, CH'hCH(SO^H)^ (Guareschi, 
Gazz, chim^ ital. 1879, 75). 

TKZAIMCXDBS (Hofmann, Ber. xi. 338 ; Bernthsen, iUd. 503). These bodies 
may be conveniently prepared by the action of phosphorus sulphide (? penta-) on 
amides. When formaoiilide, H.CO.NH(C°H®) (5 pts.), is triturated with phosphorus 
sulphide (3 pts.), the mixture heated for five to ten minutes on the water-bath, and 
then exhausted with dilute soda-ley, the filtrate, on acidulation with hydrochloric acid, 
immediately- deposits white crystals of thioformanilide, H.CS.NH(C®H^). Aniline 
formate may also be used in the preparation instead of formanilide, but it is less 
advantageous. In like manner, thiaceta^iiUde, OH*.OS.]SrH(C‘'’H^), may be pre- 
pared from acetanilide. H.OS.NH^ appears to be produced by 

the action of phosphorus sulphide on formamide . ThiohenzanilidCy os B enzothi^ 
anilide, is obtained in like manner, in very considerable quantity, from benzanilide 
(2 pts.) and phosphorus sulphide (1 pt.) ; and Bhenylthiaceiamide or Thio-a- 
tolylamide, C^H^.OH^.CS.NH^, from phenylacetamide (3 pts.) and phosphorus 
sulphide (2 pts.) 

Thiamides of fatty acids, C“H“'^‘’'hOS.NHS are also produced by direct addi- 
tion of hydrogen sulphide to nitxiis, e.g. aoetot hi amide, or thiacetamide, 
CH^CS.NH'^, from acetonitril, CH^CF. This compound crystallises, according to 
Bodewig, in the monoclinic system. Observed faces ao5oo, OP, ooP, — P, some- 
times also +P; tabular according to oopoo. Twins according to ooPoo. Angle 
00 P : 00 P =s 94° 47^ Axial angle 80° 55'. The plane of the optic axes is perpen- 
dicular to the plane of symmetry. Thiacetamide melts at 108°. It dissolves readily 
in ether, differing therein from acetamide. Its solution gives with platinic chloride a 
precipitate of ammonium platinochloride. It is an extremely unstable compound, 
and is resolved, both by acids and by alkalis into acetic acid, ammonia, and hydrogen 
sulphide. It is desulphurised by mercuric oxide, iodine solution, silver nitrate, cupric 
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nitrate, lead acetate, and mercuric nitrate, in some cases immediately, in others only 
on heating (Bernthsen, Liebig's Asinalen, cxeii. 1). j j.* j 

Aromatic Thiamides are produced: 1. From amides, as already mentioned, 

by the action of phosphorus sulphide. _ ^ 

2. By the action of hydrogen sulphide on imidoketonie chlorides : e.g, tniobenz- 
anilide or benzothianilide from imidodiphenylketonic chloride : 

C‘’H5.CCP.NH(0«H5) + H^S « 2HC1 + C«H5.CS.NH(C«H0 


(H. Leo, Ber. X. 2133). , . 

3. By the action of hydrogen sulphide on the amidines of monobasic acids (p. 12). 
Benzenyimono]p7ienylamidine at 130° yields simultaneously thiobenz- 

amide or benzothiamide (m.p. 115°-116°), and thiobenzanilide (m. p. 96°- 


97°) : 


( 1 ). 


+ E« = C'ff.CS.Nff + 


(2). C»H* + H=S = C«H= CS.NH(C=H») + Em 

BmzenyUiyJienylamidine (m. p. 144°), similarly treated, yields only one compound, 
Tiz. thiobenzanilide : 

+ ms = c®m.cs.NH.o»m + C'mEm; 

but its isomeride, hensenyLisodiphenylamidine (m. p. 111°-1 12°), yields two compounds, 
viz. thiobenzamide and benzodiphenylthiamide, C®H;^0S.N(0®H^)2 : 

(1) . c*m.c<;;™sj^5y + ms = c«m.cs.Em + NH(c«m)* 

(2) . + ms = c«m.cs.N(c»m )5 + nh®. 

Methenyldiphejiylamidim in like manner yields for mothianilide or thio- 
formanilide : 

hc<^^“® 25 + ms = Ho.s.NH.c»m + Nm(c»m). 

Bensenylmonophenylamidine, heated at 100°-120° with carbon sulphide, yields 
thiobenzanilide and thiocyanic acid': 

c*m.c<^gp’ + cs» = c=m.cs.NH(C''m) + cesh 


(Bernthsen, Ber. x. 1238). 

Thiobenzanilide^ C^^H"NS, crystallises in sulphur-yellow tablets melting at 
97°. It is not acted upon by iodine. When heated, it gives off hydrogen sulphide, 
and leaves a body having the composition Heated with hydrochloric acid 

it yields benzoic acid, with evolution of hydrogen sulphide. Heated with potash-ley 
in a sealed tube at 150°, or with lead oxide, it is converted into benzaniiide, 
C^®H“NO. Fused with aniline hydroehloride^ it yields benzenyldiphenyl- 
amidine : 

c®m.cs.EH.C''m + E(C'm)m = ms + 

(Leo^ Ber. x. 2135). 

Thiohenzotoluide, ox Benzothiotoluide. is prepared by the action 

of hydrogen sulphide on imidotolylphenyl-ketonic chloride : 

C«H=.CCP.HH(C’H0 + H=S = 2HC1 + C6H5.CS.NH(O^H0. 

It melts at 128-5°--129*5°. 

Thiaoetanilide, CH®.CS.NH(C®H^), prepared in like manner from imidophenyl- 
methyl-ketonic chloride, crystallises in light yellow needles melting at 74*5°-76°. 

Thiamides containing both fatty and aromatic radicles are formed by the 
action of haloid ethers (alkyl haloids) on the sodium-derivatives of aromatic thiamides. 
Thus sodium-thiacetanilide (which forms compact crystals) and ethyl bromide act 
upon one another even at temperatures below 100°, forming thiobutyrylanilide, 

CH2Na.0S.NH.C«H» + C^H^Br = HaBr + C3H’'.CS.HH.C«H^ 


The best mode of proceeding is to bring together 2 mol. thiacetanilide, 1 mol. sodium* 
and 2 mol. ethyl bromide in alcoholic solution, and, after the action is over and the 
VoL. Vin. 6 K 
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alcohol has been expelled, distill off the product in a current of steam. It then 
passes oyer as a heavy oil ■which boils at 250°, is insoluble in water and in alkalis, 
soluble in alcohol and ether, and is resolved by heating with dilute acids into aniline 
and a sulphide. Its hydrochloride, C^®H^®NS,HC1, prepared by passing hydrogen 
chloride into the ethereal solution of the base, forms white very soluble crystals ; the 
plcitinochloride, [C'®H^''*]SrS,H01pPtCl'*, is somewhat sparingly soluble. Methyl iodide 
and sodium-thiacetanilide yield in like manner a base boiling at 240°. Ethyl mono- 
cMeracetate and $odmii-thiacetamlide react in a more complex manner, one of the 

products consisting of ethenyldiphenylamidine, Qajg-s (W allach, 

Ber, xi. 1590) 

Compounds isomeric (or identical) with these thianilides {imido-thioethers) are 
obtained by passing gaseous hydrogen chloride into a mixture of a nitril and a mer- 
captan in equivalent proportions, the whole then solidifying to a crystalline mass 
consisting of the hydrochloride of the imido-thioether, e.g . ; 

C'ff.ON + HSC‘H‘> = 

Benzonitril. Amyl-mer- Benzimidotliio- 

captan. amylether. 

The hydrochloride of this imido-thioether, crystallises in flat white 

needles. The free ether is a colourless mobile liquid (Pinner a, Klein, Ber. x. 1826). 

According to Wallach, the bases obtained by the action of alkyl haloids on .the 
sodium-derivatives of the thiamides are identical in constitution with the imido-thio- 
eth’ers ; if so, the formation of one or the other of these bodies must be attended with 
atomic transposition. 

The following thiamides (or imido-tliioethers) have been obtained by Bernthsen 
iliiehig's AnnaleQi, cxcvii. 341) : 

Bhenylthiacetethylaniide, C‘®H’®NS = C®H®.CH®.CS.NH(C-H^)‘b or Phenyl-’ 
((‘Cetimidothio ethyl ether, C®H®.CH2.C<^^^225’ formed, as a hydriodido, by the 
action of ethyl iodide on phenylthiacetamide at a temperature below 100° : 

CW.OH2.CS.KH2 + COTI « C«H^CH2.CS.NH(02H^),HI, 
or C«H^CH'‘^.C(NH).S.C'‘iH5,HI; 

and on treating the hydriodide with soda-ley, the thiamido C^"II^®NS is obtained as an 
oily body, very unstable, and resolved by heat into mercaptan, and benzyl- 

cyanide, CTO.CH-.CN. 

Thiohensethylamide, = 0'*H«.CS.KH(02H-^), or Benzimidothio- 

cthylether, C“BL®.C(NH).S.C“iI*b is obtained, as a crystalline hydriodido, by the 
action of ethyl iodide on thiohonzamide, It resembles the preceding com- 

pound, but is much more stable. It is resolved by heat into benzonitril and mercaptan. 

Thiohenzo-henzylamide, 0®H®.CS.NBl(C'^ 1I’'), or Benzimidothiohenzyl- 
ether, C«H:^C(NH).S.G^Hb is obtained as a hydrochloride by heating thiobenzamide 
^th benzyl chloride, or a mixture of benzonitril and benzyl mercaptan with gaseous 
hydrogen chloride. 

Phenylthiacetamide, Phenylacetothiamide, or Thio-a-tolylamide, 
C^H^NS — C'^H^.CH-.CS.bTH*, is obtained by the action of phosphorus sulphide (2pts.) 
on phenylacetamide (3 pts.) (Bernthsen) ; also, together with phenylacediamine thio- 
sulphate, by the action of hydrogen sulphide on benzyl cyanide 

(Bernthsen, Ber.^ vih. 677). It unites^ directly with methyl iodide and ethyl bromide, 
forming crystallisable compounds which may be regarded as hydriodide and hydro- 
bromide respectively, injismuch as when placed in water they dissolve at the first 
instant, forming solutions which immediately give precipitates with silver nitrate ; 
after ten to thirty seconds, however, these solutions become turbid, and deposit fetid 
oils.^ When the freshly prepared solution of the product obtained with methyl iodide 
(which has the composition C«B['’NS,CH®S, and melts at 138°--139°). is treated with 
recently precipitated silver chloride, the latter is immediately converted into iodide, 
and the filtrate gives with platinic chloride fine yellow laminse of the compound 
(C^H*‘'NSCl)^Pt01'^. Phenylthiacetamide and henzaldehyde, heated together for three 
or four hours, unite, with elimination of water, forming a thick yellowish-red oil, 
C23H22jt^,S.^C«H^CH(NH.CS.CmC«H^y^?, the dilute alcoholic solution of which 
gives, with platinic chloride, a brown pulverulent precipitate having the composition 
PtOP (Bernthsen). b 

XHXAMlMCBIiXlKrS, is formed, together with thiomelanuric acid, by the 

ac^ioh of ammonia at 100° on perthiocyanic acid. It is a white sandy powder which, 
when heated with potash, splits up into ammonia and a mixture of cyanic and thio- 
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cyanic acids. It dissolves in 14o pts. of boiliH^ -water. By hot concentrated hydro- 
chloric acid, it is resolved into hydrogen sulphide, ammoninm chloride, and cyannric 
acid. Nitric acid oxidises it to ammeline nitrate. Heated with ammonia it yields a 
body having the properties of melamine. Thiammeline dissolves in acids and in 
alkalis, and gives precipitates with salts of the heavy metals (Ponomareff, Qonvjgt. 
rend, Ixxx. 1384). 

THXjajrXIiXia'S, or THXO AWXI.XWB, C^-H^^N^^S = (C«H^NH2)2S. This com- 
pound, which Merz a. Weith obtained by boiling aniline with sulphur (vii. 1154), is 
also produced: a. By reduction of nitrophenyl sulphide, (C®HtNO')-S (p. 1546). 

By the action of sulphur iodide [? ST-] on aniline at 160°~170°, in small quantity 
however, and mixed with a large amount of resinous products. The thianiline 
obtained by both these processes melts at 10o°-106®, agreeing therein closely with 
Merz a. Weith’s product, which melted at 104^-105°. With aniline and sulphur 
chloride a product was obtained melting at 108°~309®, and agreeing in all other 
respects with the preceding (E. Schmidt, Ber, ix. 1050; xi. 1168).’*' Thianiline is 
also found in the mother-liquor obtained in the preparation of ct-triphenlyguanidine by 
the action of thiocarbonyl chloride in ethereal solution on aniline (Bathke, Liebig's 
Annalen, clxvii. 211). 

Bithianiline, C*®®N2S2=(C«H3)2S-(NH2)2 (E. B. Schmidt, Ber. xi. 1168).— 
This compound is formed, together with monothianiline and resinous sulphuretted 
products, by the action of sulphur bromide on aniline. Its sulphate is obtained by 
heating dithiacetanilide {infra) with dilute sulphuric acid, and when purified by recry- 
stallisation from water, forms small white slender needles or warty masses which 
acquire 'a reddish tint on exposure to the air. It contains 2 mol. water of crystallisa- 
tion. Dithiacetanilide heated with hydrochloric acid yields, not the corresponding 
hydrochloride of dithianiline, but. a free bisulphuretted base, designated by 

Schmidt as pseudodithianiline. This base crystallises from water in long thin 
greenish needles having a vitreous lustre ; it melts at 79®, dissolves readily in 
alcohol, ether, and chloroform, sparingly in benzene, ligroin, and carbon bisulphide. 
Schmidt represents the two so-called ditbianilines by the following formulae : 

DitWaniline .... 

Pseudodithianiline . . . 

Dithiacetanilide, (C®HtNH.C2H®0)2S^ and Trithiacetanilide, 
(C®H^.NH.C2H30)^S*, are formed by the action of sulphur chloride on acetanilide at 
100°, and are separated by their different degrees of solubility in glacial acetic acid. 
Diihiaoetanilide is easily soluble in glacial acetic acid and in alcohol, and crystallises 
from the former in large greyish-white laminae, from the latter in pointed shining 
needles ; in other solvents it is either insoluble or very sparingly soluble. It melts at 
215°~217°. By sulphuric or hydrochloric acid it is resolved into acetic acid and 
dithianiline. 

Trithiacetanilide is but sparingly soluble in glacial acetic acid, and crystallises 
therefrom in nacreous laminae melting at 213®-214‘5°. It is moderately soluble in 
warm alcohol, from which it separates in stellate groups of small crystals. It is de- 
composed by sulphuric- or hydrochloric acid into acetic acid and trithianiline 
(Schmidt). 

THXOBEmrZAXMHlTBE, C®H5.CHS (H. Klinger, Ber, ix. 1893; x. 1877) 
This compound is formed by passing hydrogen sulphide into an alcoholic solution of 
bitter almond oil, and is obtained, according to the concentration of the solution, 
either in amorphous reddish flocks, or as a quickly solidifying oil (a-modification). 
It softens at 83°-85°, decomposes at a higher temperature, dissolves very readily in 
benzene and in chloroform, somewhat slowly in hot alcohol. By treatment with acid 
chlorides, it is converted into a modification (j8) which forms white shining needles, 
melting with decomposition at 225°-226°, easily soluble in hot glacial acetic acid, 
less easily in alcohol, benzene, and chloroform. The amorphous modification, heated 
with finely divided copper, yields 

^ On adding a very small quantity of iodine to a solution of the amorphous (a) 
thiohenzaldefayde in benzene, crystalline needles separate in a short time consisting of 
a compound of /3-thiobenzaldehyde (m. p. 225°), with benzene, which 

gives off the benzene at _125°-130°. 36 pts. of a-thiobenzaldehyde thus treated yield 

9 pts. of the ^-modification. The latter heated with finely-divided copper yields so 

* J. Hoorda Smit {Ber, yiil 1445), by acting on aniline with sulphur chloride, obtained a Jbody 
which he calls thianilide, having the same composition as thianiline. but differing fi-om the latter 
altogether in its physical properties, being a yellow oil at ordinarv temperatures, and boiling at 230°- 
240°. Its diacetyl derivative melts at 125°-126° ; the di’&enfoyZ-denvative at 150®. 

6x2 
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large an amount of stilbene (|- of its treiglit) that this method may he advantageously 
used for the preparation of stilbene (p. 676). 

^-Tkiohemaldehyde is converted by oxidation with nitric acid into benzaldehyde 
and benzoic acid ; by heating with lead oxide into lead sulphide and benzaldehyde, 
together with small quantities of stilbene and high-boiHng sulphur-compounds 
(Singer). Treated with strong potash-ley it yields a mixture of benzyl hydro- 
sulphide, benzyl bisulphide, and benzoic acid (Bottinger, Ber. xii. 1053). 

The thiobenzaldehyde (m. p. 78®~80°) which Cahours and Fleischer obtained by 
the action of potassium hydrosulphide on benzylene chloride, C^H®CF, in alcoholic 
solution (vi. 329), is regarded by Klinger as a third modification (7). It is not con- 
verted into the j3-modifieation either by acetyl chloride or by iodine. 

THXOBEZO'ZAMXBZ:, C^H^CS.NH^. The action of iodine on this body gives 
rise, as already mentioned (vi. 258), to the compound which crystallises 

from hot alcohol in long needles melting at 90°. 

Amidothioh enzamide, C®H‘‘(NH^).CS.NH®, is acted upon by iodine (both in 
alcoholic solution) in the same manner, and on evaporating the resulting liquid, 
there remains a brownish resinous substance, from which, by repeated boiling with 
water, a body is extracted which separates from the hot filtrate in white slender 
needles, and when purified by recrystallisation from water has the composition 

C«HXKH2)~C=zN 

- S 

C«;H4(NH^)-d=:N 

This compound melts between 128° and 129° ; dissolves in alcohol, ether, carbon 
sulphide, chloroform, and benzene ; exhibits marked basic properties ; and forms a 
crystalline sulphate and hydrochloride, also a yellowish bulky platinum salt, with 
addition of 2 mol. of acid (E. Wanstrat, Ber. vi. 332). 

THZOBEZO’ZAZrxZiXBE, C«H^CS.NH(C®HO. See Thtamides (p. 1924). 

THXOBEIO'ZOZC ETHEBS. Isopcntyl or Amyl Thiohensoate^ or Benzoyl- 
iso^entyl Sulphide, C^H^O.O.(CH2)2CH(CH®)^ is but slightly acted on by the per- 
manganates of potassium and silver even at the heat of the water -bath. The ethylia 
ether, on the other hand, is converted by silver permanganate in presence of sulphuric 
acid, even at ordinary temperatures, into benzoic and ethylsulphonic acids (Beckmann, 
Ber. xi. 1687). 

THXOBEXrZOPHEN-OErs, or Biphenyl Thiohetone, C^H^CS.CsHs, is formed by 
the action of potassium sulphide on diphenylketonic chloride (benzophenone chloride) : 
OmKCCKCm^ + K^S = 2KC1 -i- C«H5.CS'C®H^ 

It is also formed as a secondary product in the preparation of thiobenzpinacone 
(infra), and remains in the mother-liquors. It crystallises in small white needles 
melting at 146-5°, is not attacked in alcoholic solution by copper. By hydrogen 
sulphide, especially in the nascent state, it is converted in alcoholic solution into the 
thiopinacone (G. Engler, Ber. xi. 922). 

TRXOBEXfZPXE-ACOIO'E, (C«Hs)2(HS)G~C(SH:)(C®H^)2, is formed 

by the action of ammonium-hydrogen sulphide on benzophenone (Engler, Ecr. xi. 
922) ; also, together with thiobenzopbenone, by the action of potassium-hydrogen 
sulphide on benzophenone chloride (Behr, Ber. vi. 970). It melts at 151°, and is 
converted in alcoholic solution by finely divided copper into tetraphenylethane, 
(O«H02HC-CE(O«Hs)2 (p. 1916). 

THIOCABBACETO-ACETATE, ETKYEXC, OH3.0O.G<^^® 

This ether is formed, together with small quantities of carbon oxide and lead sul- 
phide, when ethylic acetoaeetafce (p. 12) is heated at 100° in a sealed tube with 
carbon sulphide and lead oxide, and may be extracted from the product by alcohol. 
It crystallises in straw-yellow- needles, melting at 156°-162° (Norton a. Oppenheim, 
Ber. X. 701). 

7HXOCABBA1VIAXES. On the action of Ammonium Thiocarbamate on 
Aldehydes, see p. 387. 

fPotassium Bhmylthiocarbamate is formed by the action of carbon bisulphide and 
potassium hydroxide on aniline : 

CWNH^ + CS2 + KOH - H^O -i- CsHs.NH.OS.SK. 
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The actual product of the reaction is always however the acid potassium salt, 
; and this salt is most conveniently prepared by heating an 
alcoholic solution of aniline and potassium xanthate in molecular proportions for 
three or four hours, the liquid on cooling first depositing diphenylthiocarbamide and 
then the acid potassium salt, while a thioearbamate remains in solution. The acid 
potassium salt recrystallised from lukewarm water, forms golden-yellow, transparent, 
monoclinic crystals, which when crushed by pressure, yield a white powder, turning 
yellowish again at about 30°. Between 60° and 70° the crystals melt in their water 
of crystallisation; at ordinary temperatures .they dissolve in less than their own 
weight of water. The solution decomposes when heated, yielding diplienylthioear- 
hamide and phenylthiocarbimide, 0®H®.NCS. The salt when exposed to the air 
decomposes into phenylthiocarbimide and potassium dithionate, a small quantity of 
diphenylthiocarbamide being formed at the same time. It is decomposed by salts of 
heavy metals with formation of phenylthiocarbimide and a metallic sulphide. The 
potassium salt when heated yields water and diphenylthiocarbamide, and is resolved 
by acids into aniline and carbon bisulphide. Its solution takes up large quantities of 
aniline, and if subsequently heated gives ofiP hydrogen sulphide, and deposits diphenyl- 
thiocarbamide. The dissolved potassium salt is resolved by aniline salts into 
diphenylthiocarbamide, aniline, carbon bisulphide, and hydrogen sulphide ; by 
ammonium salts into diphenylthiocarbamide, ammonia, carbon bisulphide, and 
ammonium sulphide (B. Eathke, JSer. xi. 988). 

TKXOCARSillVXXBX:, NH-.CS.lStH-. Sulphur ea (Bernthsen a. Klinger, JBer. xi. 
492). This body (p. 395) unites with alcoholtG iodides (alkyl iodides), forming 
strongly basic compounds, which exhibit the characters of sulphine-compounds. 
Methiodide tkiocarbamide, N-B['^CS,CH.*I, crystallises in prisms which molt at 177°, 
and dissolve readily in water and in alcohol. On agitating its aqueous solution with 
silver chloride, the iodine is rexfiaeed by chlorine. On adding silver oxide to the 
aqueous solution of the iodide, silver iodide is formed, together with a strong base 
which has not been isolated : its solution, neutralised with hydrochloric acid and 
mixed with platinic chloride, yields ih.Q platinoohloride, (N-H‘‘OSCH‘‘Cl)“PtCl‘‘ + 11“0, 
which crystallises in groups of small prisms, efflorescing on exposure to the air, and 
giving off the whole of their water at 110°. The solution of the base gives a clianictor- 
istic precipitate with metallic salts, and when left to evaporate deposits crystals whicli 
after a while cease to exhibit basic reaction. On agitating tbc aqueous solution of 
the methiodide-thiocarbamide with mercuric oxid<\ cyan amide, or dieyanodia- 
mide, is produced, together with a yellow flocculont substance resolved by heat into 
mercuric iodide and methyl sulphide. 

The hydriodide of methylthiocarhamide, NH‘‘^.OS.NII(CH'*),HI, metamoric with the 
compound just described, crystallises in large laminae, melts below 100°, and yields a 
platinochloride which crystallises in concentric groups of bent and branched needles. 
Silver nitrate added to its solution throws down silver iodido and a silver compound 
of methylthiocarbamide, whereas the solution of the metameric compound, when 
similarly treated, deposits nothing but silver iodide. The hydriodide of mothylthio- 
cai'bamide is immediately desulphurised by silver oxide, and converted into mothyl- 
cyanamide. 

Ethiodide tkiocarbamide acts just like the methyl-compound, excepting that when 
treated with silver oxide it is very easily converted into cyanamide. These addition- 
products are decomposed when somewhat strongly heated, yielding hydrocyanic acid 
and products not yet examined, partly amorphous, partly crystalline, the latter being 
converted into the former by heat. 

Thiocarbamide unites also very readily with benzyl chloride^ forming the com- 
pound which may be purified by washing with ether, crystallises 

from water and from alcohol in small needles, and molts at ’l66°-168°. On evaj) 0 - 
rating its solution in hydrochloric acid, decomposition takes place to a very slight 
extent, attended with the formation of white bulky needles, while’ the greater quan- 
tity crystallises in large colourless prisms having the same molting point as the crude 
product. The corresponding platmoohloride crystallises in yellow prisms. The free 
base, C®H’®N-S, is separated from the solution of the hydrochloride by ammonia or 
sodium hydrate in the form of a very bulky white precipitate. It is somewhat 
sparingly soluble in water, and crystallises from ether, alcohol, or best from benzene, 
in white, felted needles; its solutions decompose very readily when heated, the aqueous 
solution becoming turbid in consequence of the formation of benzyl liydrosulphido. 
The base melts at 71°~72°, and is resolved at a slightly higher temperature into 
benzyl hydrosulphide and dicyanodiamide. It dissolves readily in a,cids, the hydro- 
chloride thus formed being identical with that above described (Bornthson a. Kiftigor, 

EeT. xii. .^ 174 ^ 
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Thiocarbamide, heated with ihiocarhonyl chloride, CSCP, yields the hydrochloride of 
thiodicyanodiamine, C“H.®N^S,HGi (p, 1930). 

On the reaction of thioearbimide with mnanthyl, see (ENAiiTHYLENE Thiocakbi- 
MiDE {infra). 

Diethyl^thioearhamide, is formed, together with ethyl thio 

carbamide, ethylammoninm iodide, carbon bisulphide, and free sulphur, by the action 
of iodine on ethylthioearbamate of ethylamine : 

6[KH(G2H^CS.SNH3(G-ff)] -f 3F « CS (KHO^HS)® -b 20SNC-H^ 

+ 6(C2H")H3NI + 2CS2 + 3S. 

Biethylthiocarbamide treated with iodine yields sulphur and hydrogen iodide, but no 
ethyithiocarbimide (Eudneff, Eer. xi. 977). 

FhenyltkiocaThamides. — ^Mono- and di-phenylthioearbamide — and likewise 
phenyl-xanthamide, G®H®S.C0.NH“ — dissolve in aqueous potash and soda (not in am- 
monia), and are precipitated from the solution by acids, even by carbonic acid. ^ In 
these alkaline solutions the two thiocarbamides are easily and completely desulphurised 
by lead oxide, yielding respectively phenyl cyanamide, CN*H(C®H^), and diphenyl- 
guanidine, CN®H^(C®H")-. The phenylthiocarbamides also dissolve with moderate 
facility in concentrated hydrochloric acid, the solution of monophenylthioearbamide 
being very permanent even at the boiling heat, whereas diphenylthiocarbamide 
heated with hydrochloric acid is converted into carbanilide, C0(NHC®H^)^ 

The desulphuration of monophenylthioearbamide dissolved in alcoholic ammonia 
produces monophenylguanidine (Eathke a. Feuerlein, Ber. xi. 772, 1602). 

THXOCARBZMXBSS, or XSOTHXOCITJSlIN'B.TBS (iLXiCOKOX.XC), 
R — N”CS. Mustard-oils, Action of Chlorine and Bromine. Ethyl-thiocar- 
toimide, C-H^.hTxzOS (p. 761), is energetically attacked by dry chlorine, with form- 
ation of sulphur chloride and other products of further decomposition *, but on passing 
dry chlorine through a cooled mixture of ethyithiocarbimide and anhydrous ether in 
equal volumes, the liquid soon solidifies to a thick yellowish pulp, which, when left 
for a day or two under the air-pump, is converted into an unstable yellowish-white 
powder. On drenching this powder with soda-ley, a small quantity of sulphur sepa- 
rates, and a heavy brown oil is produced, which after some time solidifies to a crystal- 
line mass ; and on pressing this mass between filter paper and dissolving it in a small 
quantity of alcohol, the solution deposits splendid colourless tablets and prisms, a 
centimeter long, consisting of a compound of 2 moL ethyithiocarbimide and 1 at. 
oxygen, (C'H^NCS)'O. The crystals melt at 42°, are insoluble in water, but dissolve 
easily in alcohol-; are oxidised by strong nitric acid, with emission of red fumes ; and 
form with platinic chloride a red non-crystalline compound. On treating their solu- 
tion with ammonium sulphide, sulphur immediately separates, and the filtrate yields 
on evaporation fine crystals which melt at about 60°, and therefore do not consist of 
ethylcarbamide as might have been expected (E. Sell, Ber. vi. 322). 

On the Thiocarhimides of Butyl (primary and secondary), and on Bxdemyl- or 
Croionyl-thioearbimide, C‘‘H’'.NCS, see p. 607. 

Pentenyl- or Angelyl-tliiocarbimide, C^H^.N^iCS, is prepared, like the 
butyl-compounds, from the volatile mixture of primary and secondary monamines and 
diamines resulting from the action of ammonia on the dibromide obtained from com- 
mercial amylene and bromine. It boils at 190°, and unites directly with ammonia, 
forming the compoimd C®H®NCS,NH^ which crystallises in needles and melts at 
103° (Hofmann, Ber. viii. 105). 

Heptylene- or OSnantbylene-tliiocar'bimide, C’H^^(NCS)-. Thioearbamide 
and cenanthal, dissolved together in alcohol, react on addition of a drop of hydrochloric 
acid, forming oenanthylene-disulphur eid, C‘H^'‘(NH.GS.NH-)* ; and on mixing 
the resulting solution with a larger quantity of hydrochloric acid, sal-ammoniac sepa- 
rates out, and cenanthylene-thiocarbimide remains dissolved : 

C’HJXNH,CS.HH2)2 -{. 2HC1 = 2NH^C1 + C'HJXNCS)^. 

CEnanthylene-thiocarbimide is an oily liquid having an extremely repulsive odour. 
By treatment with ammonia, it is reconverted into the above-mentioned cenanfhylene- 
disidyhureid, which forms with cenanthal a vitreous polymeride (H. Schiff, Ber. 
xi. 830). 

Plienyltliiocarbimide, C®H* — NmzCS, is converted hj chlorine into the chloride 
of phenyl-isoeyanide or phenyl-carbamine, G®H®.H=iCCP, which is a heavy yellowish 
liquid having an extremely unpleasant and pungent odour, and boiling at 211°-212°, 
Bromine acts differently. On mixing phenylthiocarbimide diluted with 3 vol. ehlorg- 
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form witli an equal weight of bromine, likewise diluted with 3 vol. chloroform, the 
mixture after a few hours deposits a deep orange-red body having the composition 

C«HMSr=C\— SBr 

0i4B[^®N“S®Br“ = . Its formation may be represented by the 

CfiH^N=:(K_SBr 

equation : * 

SC^H^NCS + Br2 * C»*Hi“N2S8]gj.2 + C^H^isro. 

This orange-red body is decomposed by water at 100°, with evolntion of carbon dioxide 
and hydrogen sulphide, and formation of the hydrobromides of aniline and a base 
CH^NO, which also separates in the free state as a resinous body, and may be 
obtained by crystallisation from alcohol in long white needlesmelting at 156°, slightly 
soluble in hot water, dissolved with difficulty by strong hydrochloric acid, and pre- 
•cipitated from the solution by alkalis. With platinic chloride it forms a well- 
crystallised double" salt. 

When the original orange-coloured product is boiled with alcohol, hydrogen 
bromide and ethyl bromide are evolved, and the liquid on cooling deposits sulphur- 
yellow crystals of the compound — S— S — while 

the base C®H®NO remains in the mother-liquor. These crystals, which are also produced 
by the action of glacial acetic acid on the orange-red body, are insoluble in water, 
sparingly soluble in cold, easily in hot alcohol, and melt at 152°. When digested 
for some time in alcohol, they give off hydrogen sulphide and sulphur dioxide ; heated 
at 200° with strong hydroGhloric aeid, they yield 00% SO", SH-, and aniline. Treated 
in alcoholic solution with ncment hydrogen, they yield mercaptan, aniline and a resin. 
Heated with finely divided cojpper, they are partly converted into phenyl- thiocarbimide, 
but at the same time phenyl isocyanide and crystals of unknown composition are formed. 
When digested with alkaline lead hydroxide, they yield CO-, SO% and diphenylcarba- 
mide. The yellow body is not formed by treating phenylthioearbimide with sulphur, 
or carbodiphenylimide with sulphur or carbon bisulphide (Proskaiier a. Sell, Ber. 
ix. 1262). 

Phenylthioearbimide, treated at ordinary temperatures with hydrogen sulphide, 
yields thiocarbanilide and carbon bisulphide (Proskauer a. Sell). 

When vapour of sulphur trioxide is passed over phenylthioearbimide, sulphur 
dioxide is given olf, and a compound, C^H*NS’'^0®, is formed, which dissolves in benzene, 
and separates therefrom in crystals melting at 180°~183°. It is insoluble in water, 
alcohol, ether, and glacial acetic acid, but dissolves in boiling benzene, also in chloro- 
form and nitrobenzene. By water at 100° under pressure, it is resolved into carbon 
dioxide, hydrogen sulphide, and sulphanilic acid, whence its constitution may probably 

.NH.CS 

be represented by the formula C**H\ ! (Magatti, Ber, xi. 2267). 

* ^ SO “'.6 

Phenylthioearbimide and phosphorus pentachloride, heated together in a sealed 
tube for five or six hours at 160°, form phosphorus trichloride, phosphorus thio- 
chloride, PSCP, isocyanphenyl chloride or phenylcarbimido chloride, C“H®.N=::GCP, 
and products of higher boiling point. At the same time there are formed largo yellow 
crystals of the hydrochloride of chlorophenylthiocarhimide, 0^*H'‘C1.!NCS,HG1, which 
dissolve but sparingly in benzene and chloroform, but readily and with decomposition 
in water and in alcohol. Water separates chlorophenylthiocarhimide, a 
strongly refractive oil which may be dried over calcium chloride ; it has an aromatic 
odour, boils at 248°, dissolves readily in alcohol, but is insoluble in water ; unites 
with dry hydrogen chloride, forming a crystalline mass, probably having the composi- 
tion above specified. According to its chemical reactions, however, this body does 
not appear to be a true thiocarbimide, not being attacked by alcohol and ammonia 
even at 100°, and therefore differing from the chlorophenylthiocarhimide previously 
known. 

Water, especially in presence of acids, converts the so-called chlorophenylthio- 
carbimide at a somewhat higher temperature into the corresponding hydroxyl-compound, 
G’'H'*lSrS( OH), which may bo conveniently prepared by heating the crude hydrochloride 
with alcohol till dilute alkalis no longer separate an oil from it. Hydrochloric acid 
added to the solution throws down the hydroxyl-compound, which quickly solidifies, 
and may be obtained by. solution in hot alcohol, in well-defined crystals melting at 
136°. It is insoluble in water and ammonia, soluble in ether and tho fixed alkalis, 
and is precipitated from the latter by acids (A. W. Hofmann, Ber. xii. 1126). 

The true hydroxyphG7iylthi0Garhm‘ide, G®ir(OH).HCS, is obtained : a. By bc^iling 
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an alcoholic solution of orthamidophenol with carbon bisulphide in a stream of 
hydrogen : 

C«H-*(0H)NH2 + cs- - H^S -I- 0®(0fl)NCS. 

The boiling must be continued as long as hydrogen sulphide continues to escape,^ and 
on reci^stallising the yellowish-grey crusts thus produced from alcohol and boiling 
water, the hydroxythiocarhamide is obtained in broad nearly colourless needles melting 
at 196°. It does not volatilise with vapour of water ; chars when heated above its 
melting point; dissolves readily in ammonia, and crystallises ont imaltered. On 
adding silver nitrate to the ammoniacal solntion, white flocks are precipitated which 
do not blacken when boiled. Boiling aniline decomposes the hydroxyphenylthio- 
carhimide, with evolution of hydrogen sulphide. Hydrochloric acid at 170° decomposes 
it into CO-, H^S, and amidophenol (.T, Diinner, Ber, ix. 465). 

The same hydroxyphenylthioearbimide is formed by the action of a high tempera- 
ture on ortho-hydroxyphenylthiocarbamide, C®H‘‘(OH).NH.CS.HH- (J . Bendix, ibid. 
xi. 2262). 

o-Tolyl-thiocarbimlde, C«H^(CH®)NCS. The action of chlorine on this^ com- 
pound diluted with chloroform, gives rise to a diehloride, C^H’hfCCP, which boils at 
218°, is insoluble in water, and is energetically decomposed by alcohol, glacial acetic 
acid, and potash-ley. Alcoholic potash converts it into o-tolylethyl-urethane, 
G^H’'.NH.002H^ which melts at 46°, and volatilises with vapour of water, and 
o-ditolyl-carbamide, H2H-(C^H^)“CO, which melts at 250°, and does not volatilise 
with water-vapour (G-. Lachmann, Ber. xii. 1349). 

Cymyl-tbLiocarbimlde, C^®H^®.HCS (or Ouminyl-thiocarbimide), is formed from 
dicymyl-thiocarbamide by the action of phosphoric anhydride (which abstracts cymyl- 
amine) : 

(Ciohi 3)2H2N=CS - (Ci«H^3)H2N - CioHi^.NOS. 

It is a colourless liquid having an odour of mustard-oil, faint at ordinary temperatures, 
but becoming distinct on heating, and distils, with partial decomposition, between 
245° and 270°. It unites after sometime with ammonia^ forming cymyl-thiocarbamide 
or cymyl-thiosinamine, (C^°H‘®)H^N2CS, which crystallises.in needles, and with oymyl- 
amine immediately, forming dicymyl-thiocarbamide, (C^“H^^)-H-N-CS, which 
crystallises from dilute alcohol in white needles having a satiny lustre, and melting 
at 128° (A. Raab, Ber. x. 52). 

THZOCARBOlirXC BTBBBS (F. Salomon, J, pr. Cheni. [2], vi. 433 ; vii. 252 ; 
viii. 114). Of these ethers, the following are theoretically possible, taking the ethyl- 
compounds as examples : 


QQSEt 

^^OEt 

. Carbonyloxythiodiethyl 

poOEt 

ObQEt 

. . Thiocarbonyldioxydiethyl 

ppSEt 

. . Carbonyldithiodiethyl 

poOEt 

^^SEt 

. . Thiocarbonyloxythiodiethyl 

pcjSEt 

^^SEt 

, . Thiocarbonyldithiodiethyl 

1. Carbonyloxythiodiethyl 
carbonate on sodium mercaptide. 
volume of ether is introduced into 

is readily obtained by the action of ethyl chloro- 
A mixture of mercaptan with about twice its 
a flask surrounded with a freezing mixture, an 


equivalent quantity of sodium is added, and then ethyl chlorocarbonate by drops. 
When the reaction is completed, the mass is diluted with about twice its volume of 
water, and the ethereal layer which rises to the surface is decanted and submitted to 
fractional distillation. The carbonyloxythiodiethyl then passes over between 1 50° 
and 156°. It is a colourless strongly refractive liquid, having an aromatic taste and 
a peculiar odour like that of rotten fruit. When heated in the air, it burns with a 
faintly luminous flame, emitting a large quantity of sulphurous acid. It is insoluble 
in water, but dissolves in alcohol and common ether. Sp. gr. = 1*0285 at 18°. 
Boiling point 156°, Its reactions with alcoholic potash, alcoholic ammonia, and 
water are represented by the following equations : 

CO(OEt)(SEt) -h 2KOH = C0(0K)2 + EtSfi + EtOH 

Mercaptan, Alcoliol. 

CO(OEt)(SEt) + NH3 = C0(]NfH2)0Et + EtSH 

^ TJretliane. 

CO{OEtXSEt) + H^O = C0“ 


+ EtOH + EtSH 
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Carbonyloxythiodietliyl is also produced by the action of ethyl bromide on the salt 
CO(OEt)SK, produced by the action of alcoholic potash solution on ethyl xanthate, 
GS(OEt)(SEt), or by passing carbon oxysulphide, COS, into alcoholic potash. 

2. Thiocarhonyl-dioxy diethyl, CS(OEt)-. — This ether {ethylio moQiosulpho- 
carbonate) was discovered by Debus, who obtained it by dry distillation of the com- 
pound (C-H^O)®2CS^ (v. 497, 499). Salomon finds that it exhibits the properties 
described by Debus, but is difficult to purify. It exhibits the following reactions : 

CSCOEt)2 + KOH = COgj|‘ + Eton 

CS(0Et)2 + 2NH“ = 0SN(1IH<) + 2EtOH 

3. Carhonyl-dithio diethyl, CO(SEt)-, was obtained by the action of strong 
sulphuric acid on ethyl thiocyanate (Schmitt a. Glutz’s method, vi. 413) : 

202H5SClSr + 3H20 + 2H‘-^SO^ = GOiSCm^y + 002 + 2(NH\HS04); 
and by that of carbonyl chloride (phosgene) on sodium mercaptide : 

2C2H5SNa + COOP = 2Na01 + CO(SC2H5)2, 

the latter method yielding it in theoretical quantity. It is a nearly colourless strongly 
refracting liquid, easily .soluble in alcohol, ether, and strong sulphuric acid. Alcoholic 
potash decomposes it into carbon dioxide and mercaptan ; with alcoholic ammonia it 
yields carbamide and mercaptan. When heated with water at 160°, or treated with 
alcoholic potash, it is resolved into carbon dioxide and mercaptan : 

CO(SC2Hs)2 + H^O = C02 + 2C2H^SH. 

With alcoholic ammonia it yields mercaptan and carbamide (urea) : 

C0(SC2H^)2 + 2NH2 = 20WSH + CO(NH2)2. 

4 . Carhooiyl-oxythiodiethyl, gt Ethyl Xanthate, CS(OEt)(SEt), is best 
prepared by the action of ethyl bromide on potassium xanthate, the action being then 
completed in a quarter of an hour, whereas when ethyl chloride is employed (Debus’s 
method) it takes a week. 

5. Thiocarhonyl-dithiodieihyl, or Ethyl Trithiocarhonate, CS(SEt)2, is 
also conveniently prepared by the action of bromethyl on the corresponding potassium 
salt, the action at ordinary temperatures being completed in about twenty minutes. 
The action of potassium hydroxide and ammonia on this ether is represented by the 
following equations : 


0S(SEt)2 -{- KOH = CO(SEt)SK + 2EtSH 
CS(SEt)2 + 2NH2 = CSN(NH'‘) + 2EtSH 


The following table exhibits a comparison of the boiling points of the thiocarbonic 
ethers above described : 


Diffi 

31 °, 


o 

o 

oo 

OQ 

B. p. 

125° 


nr.OGm^ 

160°’| 

Diffi. 


161°i 

■ 6° 

pnSC“Hs 

196° 

Diff. 

p.OC^H^ 

1 

200° J 

- 40 


240° 



Diffi\ 

40' 


Diffi 
■ 39° 


Diffi. 

40° 


Hence it appears that : 1. The introduction of an atom of sulphur into the ethylated 
radicle is accompanied by a rise of 40°, except in the case of the first two members of 
the series, in which the difference is only 31. ^ 

2. The introduction of sulphur into the carbonyl group is attended by a rise of 
4°-5° in the boiling point. 
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The specific gravities of these isomeric ethers are nearly equal, as shown in the 
following table, in which they are given for the temperature of 19° : 


COg0^3 = 1-0285 
= 1-0325? 


C0|gi: = 1-085 

CsS = 1-085 

Os|g|: - 1-152 


CarhoiiyUihioethi/l Chloride, C0(SC-H^)01, is formed by the action of 
carbonyl chloride on mercaptan. On saturating mercaptan with the gas and leaving 
it at rest, the evolution of %drogen chloride begins after a few hours, and continues 
till the following day ; and the liquid, on subsequent distillation, yields considerable 
quantities of carbonyl-thioethyl chloride. The formation of this compound is repre- 
sented hy the equation : 

COOP + C*H=SH « HCl + CO(SC2H")CL 

Carbonyl-thioethyl chloride is a colourless strongly refracting liquid, which emits 
a tear-exciting vapour. It has a density of 1*1 Si at 16°, and boils at 136°. Treated 
with ^otasshm ethylate, it yields carbonyl- oxythiodiethyl. With aqueous or alcoholic 
amimnia it forms a crystalline non-sulphuretted body, not yet examined ; but when a 
strong current of gaseous ammonia is passed over the chloride, it solidifies to a crys- 
talline mass, separable by ether into sal-ammoniac, which remains undissolved, and a 
body which dissolves in the ether and separates therefrom in large dazzling white 
tablets. This body is thio-ethyl carbamate, = CO(SC'H^)NH-. It is readily 

soluble in alcohol, ether, and hot water, insoluble in cold water. Heated with potash- 
ley, it is resolved into carbon dioxide, ammonia, and mercaptan ; by prolonged contact 
with alcoholic ammonia into mercaptan and carbamide. 

The boiling point of carbonyl-thioethyl chloride (136°) differs from that of 
carbonyl-oxethyl chloride or ethyl chlorocarbonate, CO(OC-H^)Cl (94°), by nearly the 
same amount as that which exists between the boiling points of the above-described 
thioearbonie ethers and the corresponding carbonic ethers (p. 1961), viz. 42°. The 
specific gravities of thio- and oxychlorides also differ by the same amount as those of 
the corresponding thio- and oxycarbonic ethers, viz. by about 0*05 (Salomon, J. pr, 
Ch&in. [2], vii. 252). 

The following methylic and ethyl-methylic thiocarbonates have been 
prepared by Salomon a. Manitz Chem. [2], viii. 114): 

OCEL^ 

1. Thiooarbonyl-oxymethylthieihyl, obtained by the action of 

ethyl iodide on potassium methylxanthate, CS(OCH®)SK, is a liquid closely resem- 
bling ordinary xanthie ether in colour and odour, boiling at 184°, and having a density 
of 1*12 at 18°. With alcoholic potash it is resolved into metbylxanthamide (m. p. 45°) 
and mercaptan : 

+ NH» = CS^f “ + C'iffSH. 


On adding potassium ethylate (2 voL) to the ether (1 vol.) diluted with alcohol, the 
potassium salt, ^ , separates in slender needles. The decomposition is repre- 

sented by the following equation : 

+ C*H50K + H=0 = + CH» OH + C'Hm. 

OC“H^ 

2. The isomeric ether, CSgQjg-a , formed hy the action of methyl iodide on potas- 
sium ethylxanthate, resembles the preceding in all its physical properties, and is 
decomposed in the same manner by potassium ethylate, yielding the salt CO(OC^H^)SK. 
By alcoholic ammonia, on the other hand, it is converted into xanthamide, 
CS(OC^H^)NH“, and methyl mercaptan : 

3. ThiocarhonyUoxymethyl-thiometkyl, or Bimethyl Xanthate, 
CSgQ^, produced by the action of methyl iodide on potassium methylxanthate, is a 
faintly coloured, somewhat strongly refractive liquid, having a density of 1*176 at 18° 
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aad boiling at 167®-168®. With ammonia it yields methyl-xanthamide, CS(OCH-'*)NH2 
(m. p. 43°) ; with potassium ethylate, the ethyl compound 00(00-H^)SK. 

The peculiar action of potassium ethylate on these ethers, leading in all cases to , 
the formation of an ethyl- compound as final product, is repeated in the action of potas- 
sium methylate on the ethyHc ethers GS{OCm^)(BOm^) and OS(OCmO(SOH3), 
whereby in each case the salt CO(OCH®)SEl is obtained in tufts of needles having a 


vitreous lustre : 


CH^OK 4- H20 == CO 


OCHS 

SK 


+ C^H^SH + C-H^OH, 


the ethyl in the group OC-H^ being replaced by methyl. Hot alcohol also acts in a similar 
manner, converting ‘ the last- mentioned salt COg^^ into OOg^ ^ , whereas with 


methyl alcohol the reverse action is not produced (Salomon). 

Carhonyl-dithio-dijpseudoprofyl or Bithio^seudoyropyl GarhonatCi 
CO[SCH(CH^)^p, formed by the action of strong sulphuric acid on pseudopropyl mer- 
captan, is a liquid having a repulsive alliaceous odour, and converted by hydrogen 
sulphide into perthiopseudopropylurethane, CS(SC^H’)N’H-, which crystallises from 
alcohol and ether in laminse having a splendid silky lustre and melting at 97° (G-erlich, 
Ber, viii. 650). 


TK];oCirMirX.il.M;ZB£, or THIOCtrSWCmAMXBB, 

C^®Hi®NS = C‘'H“.CS.NH2. This compound is acted upon by iodme in the same 
manner as thiobenzamide*(vi. 358). On mixing the two substances in alcoholic solu- 
tion, decoloration immediately takes place, sulphur is separated, and hydriodic acid is 
formed ; and if the'addition of iodine be continued till an excess of it is indicated by 
addition of starch-solution, and the alcohol bo then distilled oif, there remains a 
brotvnish oil, which, when washed with ammoniacal water, decanted from the latter, 
and stirred for some time with a glass rod, solidifies to a white amorphous mass, con- 
tominated with sulphui’, which is difficult to separate. When freed from this impurity 
by a somewhat circuitous process, the product is obtained in the form of transparent 
coloiu’less prisms several lines long, and molting at 45°. It has the composition 


C20£[22]S2S 


C«H'‘(C’H0-~C:=N 


C«H‘i(C**H0— G=:H 

and its formation is represented by the equation : 

2Cioh^3]j^S -f 41 = C20H22N2S + 4Hr -f S. 


It is insoluble in water, soluble in ether, alcohol, chloi’oform, carbon sulphide, ben- 
zene, and strong sulphuric acid, and is separated from the last-mentioned solvent by 
water in its original state. By prolonged boiling with strong potash- or soda-ley, it 
is resolved into sulphur and cumonitril, C"H“N, which latter, by assumption of the 
elements of water, is converted into ammonia and cumic acid, Thiocumylamide is 
not attacked by dilute alkalis or by lead oxide (E. Wanstrat, Ber. vi. 332). 

TKloCY-AlsrATBS, CN.S.E. See pp. 602-606. On the preparation of Metallic 
Thiocyanates on the large scale, see Tcherniak a. G-unzburg {Jahresh.f. Chem, 1878, 
1123). 

On Alcoholic Isotliiocyanates or Thiocarbimides, CS—N.K, see pp. 
606-608, and 1958-1960. 

. THIOCYMBWB, C^‘>H‘^SH. See Cymene-mbecaptan (p. 623). 

TKXOBXCYAixroBXAlvxzi^B, C^HWS = Nm 0S.NH.C(NH).NH2. This 
compound is formed by the action of thiocarbonyl chloride, CSOP, or of phosphorus 
pentachloride, on thiocarbamide. The reaction with POP is represented by the 
equation : 

3CS(NH-^)2 + PGP = G2H«H4S,HG1 -f GS(NH2)2,HG1 + PSGP. 

Thiodicyanodiamine is a base forming transparent monoclinic crystals, which dis- 
solve in water, sparingly in alcohol, and yield a strongly alkaline solution. When 
heated above 100°, it melts and is completely transformed into the isomeric guanidine 
thiocyanate, HHrrGCNH'-^y-’.HGNS. 

The hydrochloride, G“H®H‘*S,HG1, forms fine transparent rhombic crystals, which 
dissolve freely in water and alcohol. The platmooJdoride is an amorphous dark- 
coloured salt. oxalate, 0“H<^N‘‘S.G-H-0'^ + JH-0, forms small granular crystals, 
sparingly soluble in water. Both salts have antacid reaction (Rathe, Ber, xi. 962), 
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' 'TOXOBlETHYX.OXJliaiBE,G«ff2N2S=-(C2H^)H3Sr(CS)OT(02H^) (Wallach 
i;^ipath, Ber. xii. 1063). When diethyloxamide is mixed with phosphorus penta- 
jSyrdflj the mixture first liquefies, and if it he then gently warmed, gives off a large 
e^Sntity of hydrogen chloride. If now the operation he interrupted at the first stage, 
Slid hydrogen sulphide be passed into the well-cooled liquid diluted with benzene, till 
hydrogen chloride ceases to be given off, thiodiethyloxamide will be formed, and will 
separate, as the benzene evaporates, in large, reddish-yeUow, transparent plates. In the 
formation of this compound the ox 3 ^gen of the diethyl-oxamide is first replaced by chlorine, 
and the resulting amidoehloride is then decomposed by the hydrogen sulphide, as 
'represented by the equation : 

(O^H®)HN.(CCP)2.NH(C-H-) + 2H=S = 4HC1 f C‘-^Hm\(CS)-^.NH(C2H^). 

Thiodiethyloxamide melts at 54°. Treated with sodium ethylate and ethyl 
.hromide it yields an oily liquid, which boils at a temperature above 250°, and prob- 
ably has the composition (C-H*)N”(CSC-H")-xx]Sf(C“H^), but it has not been obtained 
^12 &e pure state. 

, - "Bj treating the product of the action of phosphorus pentaehloride on oxanilide 
hydrogen sulphide, a compound is obtained which crystallises from ethereal solu- 
taon in golden -yellow plates. 

*' . THXOBlGliTrCOIiIiIC ACZB, C-^H^SO* {infra), 

' THIOPOMIAlfflliXBE, C"H"NS = C®H^NH.CSH, is produced: 1. By the 
s^on of phosphorus pentasulphide on formanilide or aniline formate. 2. By 
the action of dry hj^drogen sulphide on phenyl-carbimide, 0®H^.NC + H-S 
3. Together with large quantities of methenyldiphenyl-diamine, 
(p. 1302), when a saturated alcoholic solution of potassium hydrosulphide is 
added to a well-cooled alcoholic solution of aniline (1 moL), chloroform (1 mol.), and 
potassium hydroxide (3 mol.) The liquid, after standing for a few hours, is mixed 
■With water, the golden-yellow oil thereby separated (consisting of thioformanilide- 
methenyldiphenyldiamine, phenylcarbimide, aniline, and chloroform) is treated with 
' .hydrochloric acid ; and after the chloroform has been evaporated by exposure to the 
air, the mass, which has now become crystalline, together with the crystals obtained 
from the mother-liquor of the oil after supersatimation with hydrochloric acid, is 
recrystallised as qmekly as possible from boiling water. The filtered liquid on cool- 
ing deposits thioformanilide in thin laminse, while methyldiphenyldiamine hydrate 
remains in the mother-liquor. The thioformanilide is purified by dissolving it in 
iboiling alcohol, and adding hot water to the solution till it begins to show turbidity. 
The liquid on cooling deposits the thioformanilide in long white needles which melt 
at 137*5°, decomposing at the same time into phenylcarbimide and hydrogen sulphide. 
Ite solutions taste intensely bitter. It dissolves without alteration in cold potash-ley, 
and is precipitated therefroin by acids ; but hot potash-ley decomposes it into formic 
acid, aniline, and hydrogen sulphide (A. "W. Hofmann, Ber. x. 1095). 

THZOGEircOEEZC ACZB, C-H‘^0-S = CH2(SH).COOH. This acid, already 
described (p. 884), is one of the products of the action of phosphorus pentaehloride on 
sulphacetic acid (B. Siemens, Ber. vi. 659). 

modiglycoUic Acid, C^H®SO^ = S<^Q^ 3 *^QQg [v. 776]. The calcium salt 

of this acid is produced by the action of recently prepared calcium sulphydrate on 
monochloraeetic acid [perhaps thus : 

2(CH2GI.COOH) + 2Ca(SH)= = S<^|!;QQQ>Ca + OaCl= + 3H*S]. 

After the two solutions have been boiled together in a reflux apparatus for eight 
hours, while a slow stream of hydrogen sulphide is passed through the liquid, the 
excess of calcium sulphydrate is decomposed by carbonic acid, the filtrate evaporated 
to the crystallising point, and the separated crystalline mass is freed from calcium 
chloride by means of hot strong alcohol, and recrystallised from water. The calcium 
salt thus obtained, C^H‘*SO-‘Oa, dissolves in 48*6 pts. water at 21° somewhat more 
'readily in boiling water. Its solution is not precipitated by barium chloride. With 
kxd acetate it gives a white precipitate which dissolves on boiling, and is also soluble 
in nitric acid ; with silver nitrate a white precipitate, which is easily soluble in nitric 
„ Hidd and in ammonia, and does not turn perceptibly brown when boiled with water ; 

' on adding a little ammonia to the water, the odour of ammonium sulphide becomes 
■ ,§«S! 5 eeptihle and silver sulphide is separated; Mermrio chloride also gives with the 
of the calcium salt a white precipitate which does not dissolve on boiling. 
The mother-liquor obtained in the preparation of the calcium salt contains calcium 
ihioglycoUate (0, Schreiber, J.^r. Chem. [2], xiii, 436). 
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According to Bottinger {Ber. xi. 1809), the action of hydrogen sulphide on glyoxylie 
acid in presence of silver oxide, produces simultaneously thiogly collie and thiodigly- 
collic acids, which may he separated by converting them into ethylic ethers, and 
fractionally distilling the product, whereupon one portion passes over at 160° and the 
other at 260°. 

Biethylic Thiodiglyoollate, S(CH2.C02C“H^)^ is formed by the action of 
methyl sulphide on ethyl iodacetate, which appears to take place by two stages, thus: 

(1). (Cff)=s + oH"i.co»C'=ff = era + 


(2). 


°\ch;“ 


+ cra.co“C=ff = ora + 


c/CH^.CO-'C’ff 

^\craoo=02H» 


(Letts a. Collie, Edinb, Boy. Soc. Tran^. xxviii. pt. 2, p. 583). 

Thiodiglycollamide, S[CHNH2 OOOHp, crystallises in acute square pyramids 
with very distinct basal cleavage (Arzruni, Zeitsekr. Kryst. i. 447). 

vNH—CHs 

THIOHYDAWTOIW, = CS<f | (p. 1046). 

\NH~00 

Nitrosothiohydanio'in, C^H^(N0)N20S, may be prepared by treating thio- 
hydantoi’n with nitric acid of sp. gr. 1*2, or by passing nitrous gas through a mixture 
of thiohydantoin and water. It separates out as a crystalline powder, and may be 
obtained in microscopic pyramids by recrystallisation from a large quantity of boiling 
water. It is soluble in alhalis, but insoluble in alcohol, ether, carbon sulphide, and 
hydrocarbons. With 1 equiv. of an alkali it yields a red solution, but if 2 equiv. of 
alkali are used, a yellow solution is formed which turns red on addition of an acid. 

When harmm chloride is added to a solution of nitrosothiohydantoin in ammonia, 
glistening yellow hexagonal and rhombic plates scparate.out, having tho composition 
Q3jj3(]^0)N-0S,BaH‘0“,H*0. This compound is but very slightly soluble in cold 
water, and is partly decomposed by rocrystallisation from hot water. On the»addition 
of an acid it yields a red barium-compound, which is soluble in water, but has not 
been obtained in the pure state. The red solution gives a yollowish-red precipitate 
with lead acetate, orange-coloured with zinc chloride and mercuric chloride, dark-rod 
with silver nitrate. On adding silver nitrate to an ammoniacal solution of nitroso- 
hydanto’in slightly acidulated with acotic acid, the compound C“H'(N0)AgN*0S,Ag“0 
separates as a dark reddish-brown precipitate. A similar compound is formed with 
ferrous salts (R. Maly, Ber. xii. 967). 

THIOHYBROBEWZOIC ACXB. Syn. with ThiobenzoiC ACID, 
CSH^(SH).OOOH. See Benzoic Acids (p. 297). 

THXOX:iil.CTXC ACID, 0^11*^802= C-H'‘(SH).COOH (0. Bbttinger, Ber. ix. 
404, 804, and 1061; xi. 1561). This acid is formed: 1. By decomposing the silver 
salt of a-chloropropionic acid with hydrogen sulphide : 

OH*’.CH01.CO'-'Ag + HSH = HCl + CIF.CH(SH).CO-Ag. 

This reaction determines the constitution of the acid. 

2. By similar treatment of silver pyroracemate. The p 3 n.’oracomate suspended in 
water is decomposed by hydrogen sulphide, and the liquid, when saturated with the 
gas, is left to itself for a week, then filtered, and the filtrate is concentrated by dis- 
tillation. Acetic acid then passes over, and the remaining liquid, freed from precipi- 
tated silver and silver sulphide, is repeatedly agitated with ether. The oily ether- 
residue spread out in a thin layer, changes in the course of a fortnight into a crystal- 
line crust of thiolactic acid, greasy to the touch, which may be purified by repeated 
crystallisation. 

Thiolactic acid crystallises from aqueous solution in groups of transparent rect- 
angular plates. It dissolves with extraordinary facility in hot water, much less 
easily in cold water, very sparingly in dilute sulphuric acid, and crystallises there- 
from in prismatic needles melting at 141°. These properties, however, are consider- 
ably modified by the smallest quantities of impurities, the melting point even by the 
presence of moisture. The solution of the acid nearly neutralised with ammonia 
gives with lead acetate and onercurio chloride precipitates which are quite insoluble in 
water, but soluble in acids ; tlie dilute solution of the free acid gives a similar pre- 
cipitate with lead acetate iiwdi mercuric chloride it gives either 

no precipitate, or precipitates which after a while are redissolved. Wheu the acid is 
oxidised by dilute chromic acid, a small quantity of sulphur is precipitated on* gentle 
heating, and on boiling the liqnjd, sulphuric, acetic, and carbonic acids are formed. 

When hydrogen sulphide is passed into pure pyroracemic acid, a compound of 
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lactic and tliiolactic acids is produced, and in sucli quantity tliat the solidifies to 
a thick white pnlp. This compound, when washed with ether and dried in the ex- 
siccator, has the composition + C^H'^SO". It begins to naelt at 87°, 

decomposing at the same time, the portion which remains solid being somewhat 
sparingly soluble^ in cold water. The compound when kept in a tightly-closed bottle 
is converted within a week into an oil, with evolution of hydrogen, sulphide. If the 
precipitate formed by hydrogen sulphide in pyroracemic acid be left for some time in 
contact with the liquid, or if the passage of the gas be prolonged, the precipitate re- 
dissolves, being probably converted into thiolactic acid, which however is more 
readily produced from the solid body by heating with hydriodic acid. 

THlOTTBSSAXi, C^H-®S (ri. 1087). This compound is formed, together with 
others, by the action of heat on benzyl sulphide, and is easily separated from the 
portion of the product which passes over between 360° and 460°, by fractional distil- 
lation, and crystallisation from absolute alcohol of the fraction which distils between 
440° and 460°. It forms closely felted groups of white brittle needles, melts at 184°, 
sublitnes in ^ nee(Ues without alteration, and boils at about 460°. It dissolves with 
moderate facility in ether and carbon sulphide, less easily in ligroin, very sparingly 
in alcohol. Its ethereal solution is not precipitated by bromine, and on evaporating 
the ether, needle-shaped crystals remain having the original melting point. When 
treated with chromic acid mixture, it blackens and yields carbonic and benzoic acids. 
It is not altered by boiling with alcoholic potash (0. Forst, Liebigs Anwilen, 
clxxviii. 370). 

TBZOirirB CHXiOBXBB, SOCK Syn. with SuLPHUEotis Chloride (vii. 1131). 

THZOPHEIi9roXi]i Phenyl HydrosiUphide or PheiiyLmercuptan (p. 

1546). This compound, treated with sulphuric hydroxycliloride, is converted into 
phenyl disulphide : 

2(C«H^SH:) -1- S02(0H)01 == (C«H 92 g 2 + S02 + HOI + H^O 
(Beckurts a. Otto, Per. xi. 2065). 

Treated with acetal chloride, it yields phenyl thiacetate, C^H^S.C^H^O, a 
colourless liquid having an intensely mercaptan-like and at the same time ethereal 
odour, and boiling at 218°-220° (corr. 227°-229°). It sinks in water, and is at the 
same time slowly decomposed thereby, with formation of thiophenol. By boiling with 
strong potash-ley it is completely resolved into thiophenol and acetic acid. With 
benzoyl chloride, thiophenol forms a compound which crystallises in fine white prisms 
(Michler, Ber, vii. 1312). 

THlOPHTHAtlC ACIDS, C«H^(COSH)(COOH). See Phthalic Acms 
(p. 1617). 

TBZOPRDSSXAIkXXC ACXDS. This name is given by Claus a. Seippel (Her. 
vii. 233 ; Liebigs Mnalen, clxxix. 184) to certain sulphuretted compounds, which are 
formed by the action of heat on ammonium thiocyanate, and may be regarded as 
products of decomposition intermediate between thiocarbamide and melam. The 
compounds which^ have been investigated are— a dithioprussiamic acid, 
(NH=)2Cy3.IS[H.Cy3(SH)-, a monothiodiprussiamic add, and a dithiotriprussiamic acid, 
NH-Cy®NH“.NH.NH-Cy^.NH.SHCy’(SNH‘*). The first of these acids gives no colora- 
tion with ferric chloride, the other two give the thiocyanate reaction. The precipi- 
tates formed in their concentrated solutions by lead acetate are soluble in boiling 
water, a property by which these acids are especially distinguished from other 
thiocyanogen compounds. With dilute hydrochloric or nitric acid all the three acids 
are resolved, even at ordinary temperatures, into m elamine anda sulphuretted body 
(or several) not yet examined. 

THloqtllKOX., C^H^SH)”- [1 : 4]. This compound is obtained by the action 
of tin and hydrochloric acid on henzeneparadisulphonic acid (p. 251), in the form of a 
crystalline sublimate consisting of 'shining hexagonal laminae ; it separates also in the 
same form from boiling alcohol, in which it is slightly soluble. It smells somewhat 
like tropaeolum, and melts at 98°. When exposed to the air it gradually oxidises to 
a yellow powder. Its lead-compound is an orange-red precipitate (Horner a. Mon- 
selise, Qasz. chim ital. 1876, 133). 

THXORESOBCIKTOB, C«H^(SH)2 [1 : 3], obtained in like manner from 
benzene-meta-disulpbomc acid, exhibits the properties described by Patzschke (vii. 
1156). It smells like the leaves of some kinds of geranium, melts at 27°, and boils 
at 240°^(KomeT a. Honselise, loc. dt.) 

THXOBDFIC^ ACZD, (Norton a. Oppenheim, Her. x. 685). An acid 

formed by the action of carbon bisulphide on the mixture of sodium ethylate and 
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ethyl acetosodacetate obtained by treating ethyl acetate with sodiam (p. 11). The 
product, after washing with water, is a light yellow acid substance, nearly insoluble in 
water, and crystallising in scales having a dark orange*red colour and nacreous lustre. 
On evaporating its solution in alcohol or acetic ether, it is decomposed. Its calcium 
salt, (O^"H^^S=^0^)“Ca, crystallises in cherry-red needles. The 'nierctcry^ lead, and zinc 
salts are orange-coloured ; the won salt brown, the silver salt red, the copper salt black. 

The fomiation of the acid may be explained by supposing that the acetylated 
thiomalonic acid and sodium hydrosulphide, which might be expected to form in the 
first instance, separate out, and that the residues unite, thus : 


CH^ 


CH3 

I 

CO 


ni-CSSNa ^ 

' iooc^H® 


COOC2H« 


THXOStrXiPHtrRZC ACID. See Sulphub, Acids op (p. 1879). 

THXO-a-TOXiirDAlVXXDE, = C^H^CH^.GS.NH^. See Thiamidest 

(p, 1954). 

TKOMSOM'XTZ:. This mineral, from the Palle Rabbiose, Monte Monzoni, has 
been analysed by Doelter a. John (VcrL geoL Beichsanst, 1875, 295, 304). The 
needle-shaped crystals analysed were intimately mixed with calcite, to the amount of 
19 per cent., after deduction of which their analysis gave: 

SiO= A1=0“ CaO MgO NaO "K^O H“0 

39*24 27*90 12*45 trace 7*95 0*60 n-86 = 100 


THORITT3VX. This metal is not isoraorphous with any other known element. A 
number of its compounds have lately been examined by P. T. Oleve (Bull. Soc. CMm. 
1874, xxi. 316). The atomic weight w’as found, from the mean of six analyses of the 
anhydrous sulphate, to be 233*8 ; from the anal 3 ’'ses of the oxalate, 233*97. 

Thorium Oxide, or Thoria, obtained by ignition of tho hydroxide, is insoluble 
in dilute acids, soluble in warm strong sulphuric acid. When tho oxide obtained by 
ignition of the oxalate is heated with excess of nitric or hydrochloric acid, and the 
excess of the acid— which does not appear to dissolve or act in any way on the oxide 
— is expelled by heating on the water-bath, a residue is obtained which dissolves 
completely in water, the solution appearing white in reflected light, like milk and 
water or a solution of glycogen, and yielding, on addition of a little acid or salt 
jolution, a curdy precipitate which redissolves in pure water. With ammonia the 
solution gives a bulky precipitate, which resembles thorium hydroxide, but is insoluble 
m acids even at the boiling heat. When hydrochloric acid is used for the preparation 
of the soluble body (in which case a certain quantity of the normal chloride is also 
produced), the precipitate formed by ammonia has the composition Th‘‘0^(OH)®. 
The normal hydroxide dried at 100° contains Th(OH)h 

Thorium Chloride, ThCP,8H‘0, obtained by decomposing the sulphate with 
barium chloride, forms wliite very deliquescent needles. Thormm-potassmm chloride, 
2ThCP,KCl,18H^O, forms colourless crystals easily soluble in water. The platino- 
chloride has the composition Th0P,PtCP,12H20. 

Thorium Silicojiuoride, obtained by treating the hydroxide with silicofluorie 
acid, is a crystalline semi-translucent mass, insoluble in excess of silicofluorie acid ; 
when left over sulphuric acid, it gives off hj^drogen fluoride and silicon fluoride. 

Thorium Tlatinocyanid e, ThPt-Cy®,16H-0, crystallises in yellowish-green 
well-defined orthorhombic prisms, very soluble in hot, sparingly in cold water ; gives 
off 14H-0 at 100° or over sulphuric acid. The ferrocyanide, ThFeCy®,4H-0, is a 
white powder. The thiocyanate is obtained as a viscid mass by evaporating a solution 
of thorium hydroxide in thiocyanic acid. Its solution gives with mercuric cyanide an 
amorphous precipitate consisting of Th(OH>^SCy,HgCy^H'-^0, and the filtrate on cool- 
ing deposits nacreous scales of the salt Th(0H)(SCy)®,3iIgCy^l2H®0. 

Thoriihm Nitrate, Th(NO=’)^12H“0, forms large, transparent, very hygroscopic 
tablets, which give off SH^O over sulphuric acid. Tho chlorate and perchlorate are 
hygroscopic soapy masses. The solution of the hromate decomposes when evaporated 
in a vacuum. The Mate, Th(I03)‘^, is a white amorphous precipitate. 

Thorium-sodium Carbonate, Th(CO»)2 3]Sra2C0^12H20, is a white amol^phous 
precipitate. 
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Thorium Bnlfhate^ Th(S0^)®,9H20, forms monoclinic crystals veiy slightly 
soluble in water, insoluble in alcohol ; gives off TH^O over sulphuric acid. Sulphates 
have also been obtained containing 8 and 3 mol. H-0. Thorium-sodium std'phate^ 
Th(S0^)^,Na=S0^6H20, forms thin needles. Thorium-ammonium sulphate. 
Th(SO‘‘)^(NH^)-SOb prisms soluble in water and in ammonium sulphate. Thorium 
sulphite has the composition Th(S0^)'*,B[-0. 

Thorium Belenate^ Th(Se09^9H^O, forms bulky crystals permanent in the air, 
giving off 8H“0 at 120°. The selenite, Th(Se0^)^,H20, is a white amorphous precipi- 
tate insoluble in water. 

Thosphates. — The orthophosphates, ThH-(PO‘)",H20 and ThH“(P0^)%4:H20, are 
bulky precipitates. The pyrophosphate has the composition ThP“0^2H^0. Thorium- 
sodium pyrophosphate, ThNa‘‘(P'0^-, crystallises with 2 mol. H^O. 

.Thorium Formate, Th(0H0^)^3H“0, forms flat well-defined prisms which 
give off 2H®0 over sulphuric acid, and 3H*0 at 100°. The acetate forms micro- 
scopic needles. The oxalate, Th(C-0^)“,2H20, is insoluble in water. Thorium-sodium 
oxalate, Th(C‘0’^)“,2K-C^0b4H-0, is decomposed by water. Thorium tartrate, 
(C'‘H^0‘‘)'‘Th®(0H)^0^5H^0, is a white powder which gives off all its water at 100°. 
Thorium-potassium tartrate has the composition ThZ“(C‘H®0®)^. 


THYJVIOKYBltOXVCUl^IC ACIB, (L. Barth, Ber. xi. 567, 1571). 

This acid is formed, together with others, by fusing thymol with potassium hydroxide. 
On dissolving the melt in water, acidulating with sulphuric acid, extracting with 
ether, and. distilling the residue with water, acetic acid passes over with the steam, 
and the residue of the distillation deposits on cooling crystals (mixed with a little tar) 
which, by repeated crystallisation from water, may be resolved, though not completely, 
into: (1) hydroxyterephthalic acid, very slightly soluble even in hot water; 
(2) thymohydroxycumic acid, moderately soluble in hot, very sparingly in cold 
water; and (3), an easily soluble portion, consisting of substances preeipitable by 
lead acetate, together with a small quantity ofhydroxybenzoicacid. 

Thymohydroxycumic acid, after repeated crystallisation with animal charcoal, 
forms long, thin, colourless, somewhat fragile needles melting at 143°, or sometimes 
at 141° ; very soluble in ether, alcohol, chloroform, and benzene ; dissolving also in 
water as above stated. The aqueous solution is not perceptibly coloured by ferric 
chloride, and gives no precipitate with lead acetate. The normal salts hare a slight 
acid reaction. The normal sodium salt, C^®H*^0^Na,2-2§H-0, crystallises in broadly 
laminar masses, sometimes also in well-formed plates. It is very efflorescent and 
very soluble in water. The basic sodium salt, is a very deliquescent 

crystalline mass composed of microscopic needles. After drying in a vacuum over 
sulphuric acid, it stiU retains l^H^O. The barium salt, (C^°H”0^)-Ba (at 130°), is 
easily soluble in water and separates from its solution, when concentrated*, in granulo- 
crystalline masses, seldom in small prisms. The cadmkm salt, (C*"B."0®)“Cd, forms 
microscopic plates, rarely prisms, and generally contains 1 mol., sometimes 3 mol., 
water ; it , is moderately soluble in alcohol and in ether. The ethylic ether, 
prepared with alcohol and gaseous hydrogen chloride, is at first liquid’ 
but subsequently solidifies and then melts at 73°-75°. From dilute alcohol it sepa- 
rates first in oily drops, afterwards in long prisms. 

Thymohydroxycumic acid is not at all or hut slightly attacked by strong hydro- 
chloric acid at 200°-250°, but at 250° further action takes place. The acid heated 
by itself above 300° partly volatilises undecomposed, and is partly resolved into water 
and the anhydride which remains as a mass resembling colophony, and 

likewise separates in the amorphous state from solution in alcohol. The acid heated 
with quick lime yields phenolic and anisoilic products, but neither propyl-phenol nor 
methyl-ethyl-phenol. By the further action of melting potash it is converted into 
bydro3^erephthalic acid, together with an easily soluble acid which gives a red 
coloration with ferric chloride, and is precipitated by acetate of lead. 

The constitution of thymohydroxycumic acid has not been definitely established 

13 4 ’ 

but it may be represented either by the formula C“H3(CO2H)(0H)(C3H^), or by 
0®H3(CH3)(OH)(03H*02). 


Tihromthymohydroxycumic aeid, C^^H'^Br^O®, the chief product of the 
action of bromine on thymohydroxycumic acid, melts under water, dissolves but 
sparingly therein ; is very soluble in alcohol, even when dilute, and separates there- 
from as an oil which solidifies in the crystalline form only after the solvent has been 
completely expelled by evaporation. The further action of bromine gives rise to 
bromophenol. 
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THTMOXi, - C®H®(OH)(C®H’')(CH®). See Phenols (p. 1544:). 

On the Violet Dye produced by the action of Nitrous Acid on Thymol, see Dye- 
stuffs (p. 698). 

(vii. 1156). This compound is formed by oxidis 
ing methyl -thymol dissolved in acetic acid with chromic acid mixture : 

+ 0^ « + C02 + 2H20 

(Paternd, Ber. viii. 440). It may be advantageously prepared by distilling amido- 
thymol (from nitrosothymol) with ferric chloride, the yield exceeding 50 per cent. 
(Armstrong, Ber. x. 297). 

Thymoquinone is acted upon by normal potassium sulphite at 60°, the liquid on 
cooling solidifying to a mass of splendid crystals, which must be separated from the 
now strongly alkaline liquid, washed with a small quantity of ice-cold water, and 
quickly dried by pressure. The air-dried salt has the composition and is 

formed according to the equation : 

+ WO = + KOH. 

Its rational formula is either 

C«H‘^0H^C3H’(0H)(0S08K) or C«H.CH3.03H^.SO»K(OH)2 

(potassium hydrothymoquinonesulphonate), the latter being the more probable of 
the two. Fe?'rie chloride colours the aqueous solution first emerald-green, then 
golden-yellow. Lead acetate forms with it a white floceulent precipitate insoluble in 
acetic acid, soluble in nitric acid ; siVoer nitrate, a white precipitate, which soon turns 
black, and forms a silver speculum when heated. The salt boiled with hydrochloric 
acid yields sulphuric acid and thymoquinol: 

-h H-’O + HCl = KCl -1- SO-^H2 + 

Caustic alkalis induce the absorption of oxygen from the air, whereby hydro xy- 
thymoquinone is produced: 

-f- KOH + 0 = + H-0. 

Polythymoquinone. Thymoquinone, when exposed to light, especially in thin 
layers, is converted into a polymeric modification, which dissolves but sparingly in all 
solvents, especially in ether. From alcohol it crystallises in long light yellow in- 
odorous silky needles, which greatly resemble anthraquinone, and melt at 200°-201°. 
Strong sulphuric acid dissolves it without alteration at ordinary temp)eratures, but 
acts upon it at higher temperatures in the same manner as on thymoquinone. 
Bromine dissolved in water or in acetic acid attacks it but slightly even when heated ; 
water, aqueous sulphurous acid, and acetic anhydride do not act upon it even at 180°. 
Fuming nitric acid dissolves it, but does not decompose it even at the boiling heat. 
By boiling it with hydriodic acid (sp. gr. 1-7) and red phosphorus, it is converted into 
thymoquinone; also by addition of hydrochloric acid and zinc-dust to its boiling 
alcoholic solution (Armstrong, Ber. x. 297). 

Hydroxytliymoquinone, C'‘’H“(0H)0“, is formed, as above mentioned, by the 
action of atmospheric oxygen on an alkaline solution of thymoquinone ; also, together 
with dihydroxythymoquinone, by reduction of ethyl-dinitrothymol with tin and hydro- 
chloric acid. To separate it, the tin is precipitated by hydrogen sulphide, the filtrate 
evaporated, and the residue crystallised from strong hydrochloric acid. The crystals, 
freerl as far as possible from hydrochloric acid, yield by distillation with a dilute 
aqueous solution of ferric chloride in a current of steam, a product of oxidation which 
collects in the receiver, and is found to consist of hydroxythymoquinone, melting at 
169°-172° (Ladenburg a. Engelbrecht, Ber. x. 1218). 

Carstanjen, who first obtained hydroxythymoquinone by the process above men- 
tioned, and found its melting point to be 187°, is of opinion that the differences of 
melting point observed by himself and by Ladenburg may be due to the formation of 
two isomeric compounds in the above reaction. These compounds may indeed be 
separated to a certain extent by sublimation, the product thereby obtained consisting 
partly of light orange-coloured needles melting at 169°-175° (or even at 165°-166°), 
partly of red needles which do not melt below 183° or even 221° (J.pr. Chem. [2], 
XV. 398). Ladenburg, on the other hand {Ber. x.'49), ascribes the observed differ- 
ences of melting point to contamination of the monohydroxy thymoquinone with the 
dihydroxy-compound, or perhaps to the existence of a polymeric modification analo- 
gous to that of thymoquinone itself {mpra), ^ 

C'hlorohy droxythymoqiiinone, C*‘^H^®(0H)C10'-^, is prepared by acting on 

VoL. VIII. 6 L 
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dinitrotiiymol with phosphorus pentachloride, reducing the product with tin and 
hydrochloric acid, and oxidising the resulting amido- compound with chromic acid. 
20 to 25 g. dinitrothymol are mixed in a beaker with twice the quantity of phosphorus 
pentachloride, and the mixture is gradually heated to 115°-120° tiE the reaction 
begins ; the heating is then discontinued as long as the reaction goes on briskly with- 
out it ; and the process is terminated by renewed heating, finally to the boiling point. 
The phosphorus oxychloride thereby produced is distilled off in an oil-bath; the 
residue is poured into water ; and the precipitated viscid mass, after being washed 
with sodium carbonate and with water, is several times crystallised from alcohol with 
addition of animal charcoal. The dinitrochlorocymene, C*"H^’(N0“)-C1, thus obtained 
(light yellow prisms melting at 100°"-101°), is reduced by tin and hydrochloric acid, 
in small quantities at a time, and at the lowest possible temperature ; and the result- 
ing hydroeliloride of diamidochlorocymene, after being freed from tin, and evaporated 
to dryness, is oxidised with a mixture of 2 pts. potassium dichromate and S pts. strong 
sulphuric acid, — about 3 g. of the amido-compound dissolved in a large quantity of 
water being distilled with the oxidising mixture, likewise diluted with a large quantity 
of water. The substance which then separates from the water in the receiver may be 
separated by fractional crystallisation into hydroxythymoquinone and an easily soluble 
chlorinated body, which latter may be purified by long-continued sublimation on the 
water-bath in watch-glasses covered with inverted beakers. The first sublimates 
thus obtained are nearly free from chlorine; and on continuing the sublimation till the 
sublimate and residue are found to melt at the same temperature (120°-122°), and 
crystallising the residue from alcohol, chlorohydroxythymoquinone is obtained, nearly 
pure, in lemon-yellow prisms, easily soluble in alcohol and ether, melting at 122°, 
and easily sublimable (Ladenburg a. Engelbrecht, JBer, x. 1218). 

Bihydroxythymoquinone^ is produced by boiling a solution of 

chlorhydroxythymoquinone in potash, and is obtained by treating the solution with 
excess of hydrochloric acid, and repeatedly crystallising the resulting precipitate ffom 
alcohol, in cherry-red prisms. It melts at 220°, sublimes undeeomposed, is sparingly 
soluble in alcohol, very sparingly in water. Ammonia and potash dissolve it with 
violet colour. The dilute ammoniacal solution is not precipitated by barium chloride, 
nor the potash-solution by alum (Ladenburg a. Engelbrecht, loo. cit.) 

The ^^^dihydroxythymoquinone is formed as a bye-product in the preparation 
of monohyci^lxythymoquinone (supra), and is also formed by treating the mono- 
derivative successively with ethyl iodide and potash ; or better by boiling a concentrated 
solution of the mono-derivative with potash till the original violet colour of the solu- 
tion is completely changed to brown-red, then precipitating with hydrochloric acid, 
and crystallising the precipitate from alcohol (Ladenburg a. Engelbrecht), 

TZGXiIC ACXB, C^jE® 0-. The supposition of Geuther a Erohlich (vii. 895) 
that this acid — one of the products of the saponification of croton oil — is identical 
with methyl-crotonic acid, CH^.CH~C(CH®).COOH, has been confirmed by the ex- 
periments of E. Schmidt (JBer. x. 835). The two acids agree in crystalline form and 
optical properties, melt at 64°, and boil between 196° and 197°; their barium and 
calcium salts also agree in character. Both acids fused with potassium hydroxide 
yield propionic and acetic acids. Bromine converts them both into dibromo valeric 
acid; with hydriodic acid they yield iodovaleric acid. According to Schmidt a. 
Berendes (Liebig's Annalen, exci. 94), barium tiglate forms nodular groups of small 
laminar crystals, but sometimes crystallises in more compact form ; it has the com- 
position (C5H^0-)'Ba,4B[20, and effloresces easily. The calomm salt, (C^H'0-)2Ca,3H-0, 
forms laminse or stellate groups of small white opaque needles, and is less soluble in 
water than the barium salt. 

In the portions of croton-oil boiling at higher temperatures than tiglic acid, 
Schmidt found a liquid having the composition The portion of the oil boil- 

ing between 174°-175° gave with lime a crystallised salt, consisting of a compound 
of valerate and tiglate of calcium. 

Tiglic acid is also produced, together with angelic acid, by saponification of Eoman 
chamomile oil, and, as observed by I) 6 mar 9 ay (p. 86), by the action of heat or of 
strong sulphuric acid on angelic acid. The acid obtained from Roman chamomile oil 
melts at 64-5°, and boils at 198*5°. Its calcium salt, (C®H^0“)“Ca,3H-O, crystallises in 
white lamings, which dissolve sparingly in cold and freely in boiling water. The 
barium salt, (C^H^0^)-Ba,4H20, is more soluble than the calcium salt, but much less 
soluble than the corresponding salt of angelic acid. It forms small hard prismatic 
crystals. The silver salt is less soluble than that of angelic acid, but may be crystal- 
lised from boiling water in small white feathery groups. The potassmm salt crystal- 
lisea readily in tufts of small needles which are not deliquescent (H. Kopp, Liebig's 
Annalen, cxcv. 81). 
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TxnXBO. The root bark of the Timbo tree (^Paullinia pennata, Linn.) contains 
starch, a resin, a volatile oil, tannin, an organic acid, traces of grape-sugar, and an 
alkaloid called timhonine, the sulphate of which crystallises in white needles (Martin, 
Pharm. J. Trans. [3], vii. 1020). 

TZV. Occurrence. — Lockyer has observed in the solar spectrum a line indicating 
the presence of tin in the sun (Prae. Poy. Soc, xxvii. 279). Metallic tin in small 
laminse has been found by Frenzel (Jahrb. f. Min. 1873, 802) in bismuth-spar from 
Mexico. 

In the form of stannic oxide, SnO^ tin occurs in various lithia-mieas, as in the 
lepidolite of Paris in the State of Maine, and of Kozena in Moravia, the silica of 
these minerals being partly replaced by the stannic oxide (Sandberger, Jahrb. f. Mm. 
1878, 291, 657). 

Stannic oxide (tinstone) occurs in the kaolins of the Department Allier in France. 
The levigated sand contains 18*3 per cent. SnO^, together with a small quantity of 
titanic iron ; the unlevigated sand 0-05 per cent. Moreover, the rocks from which 
the kaolin has been formed contain tin ; thus a quartz-like rock occurring in veins 
was found to contain 0*02 per cent., and a hornblende rock 0'04 per cent, tin (De 
Gouvenain, Compt. rend.hixvm. 1032). 

Two samples of tinstone from the mines of Lampiglia in Tuscany, which were 
worked by the ancient Etruscans, and have lately been reopened, have been analysed 
by C. Blanchard {Dingl. pol. J. ccxxiv. 653) with the following results : 

SnO= CaCO“ 

92-40 3-49 3-34 = 99-23 

75-18 4-00 19-64 == 98*82 

A rich deposit of tin-ore occurs at Mount Bischoff in Tasmania (Ulrich, Jahrb. f. 
Min. 1877, 494). The occurrence of tin-ore in Australia is described by Gregory a. 
Ulrich {Beol. Soc. Qu. J. xxix. 1,5; Sill. Am. J. [3], v. 137). 

Extraction. — A report by Th. Goldschmidt, on the extraction of tin from its 
ores, is given in Hofmann’s Entwichelung der Chemischen Indusinc^ p. 986. 

Methods of obtaining tin in the piu-e state appear to have been known to the 
ancient Egyptians, as a white metal found in the wrappings of an Egyp 'an mummy 
of the age of at least 600 or 700 years b.c. was found to consist of p\u’^ tin (Church, 
Chem. News, xxxvi. 168). 

Banca tin contains only very small quantities of foreign substances. Vlandeoren 
(JOingl, pel. J. ccxix. 276) found in samples obtained from various districts, at most 
0'175 per cent, iron, and 0*0099 sulphur, no arsenic, and mere traces of carbon ; 
traces of lead were found only in the tin from the district of Djeboes. 

Becovery of Tin from Tin-plate cuttings. — Moulin a. Dol4 [Per. vi. 1138) extract 
the tin from these cuttings by passing gaseous hydrogen chloride into chambers loosely 
filled with them. As soon as the iron begins to be attacked, the stream of gas is 
interrupted, the tin chloride produced is dissolved out by water, and the tin is pre- 
cipitated from the solution by zinc or iron. The precipitated powder, after being 
washed with dilute sulphuric acid and water, is dried and melted. 

Two other methods of effecting the extraction arc described by E. Kopp {Amer. 
Chemist, v. 292). (1). The cuttings are boiled in soda-ley, and litharge is added by 

successive portions, whereby the tin is dissolved, and lead is precipitated, according to 
the equation : 

Sn + 2NaOH + 2PbO = Na^SnO^ + 2Pb + H^O. 

If care be taken that the solution finally retains a small quantity of lead oxide, the 
whole of the tin may be separated from the iron. The residual mixture of iron and 
spongy lead is levigated, and the lead thereby separated is re-oxidised in iron pans. 
The plumbiferous solution of sodium stannate is finally made to act on a fresh portion 
of tin-plate cuttings, whereby it is completely freed from lead. It is then evaporated 
down, and the sodium stannate thus obtained is sold for use in dye-works. (2). The 
tin is subjected to the action of chlorine gas, whereby it is volatilised as stannic 
chloride even at ordinary temperatures, while the iron remains unaltered. 

S. Keith effects the separation of the tin by immersing the cuttings in an alkaline 
liquid, and making them serve as the positive electrode of a dynamo-electric circuit 
{JDeutsche Industrie-Zeitung, 1877, 455). 

On the Purification of melted Tin by Filtration, see Carter {Dingl. pol. J. eexv. 
469; Jahresb.f. Chem. 1875, 1016). 

A method of obtaining Crystals of Tin by Electrolytic action is described by 
F. Stolba {Ber. d. Kbnigl.-bbhm. Qesellsch. d. Wissensch. 7 Nov. 1873 ; Jahresb. f. 
Chem. 1873, 282). 
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Grey ani brittle Modijieaiion of Tin.— Too conversion of ordinary tin into this 
modification, noticed by Fritzscbe and Oudemanns (vii. 1167)} bas also been observed 
in tbe pyrotechnic laboratory at Spandau, where considerable quantities of tm m 
sheet and blocks became brittle and more easy to pulverise and more soluble in hydro- 
chloric acid than ordinary tin. This tin contained only traces of foreign metals, and 
was quite free from stannic oxide, and from sulphur and phosphorus {Ann. Pkys. Chem. 
[2], ii. 304; Phil. il%. [5], iv. 158). The same alteration has been observed by 
A. Schertel {J. ^r. Chem. xix. 322) in a tin medal and some rings, which had been 
kept for some centuries in a wooden box in the cathedral of Freiberg. The altered 
metal, which consists of nearly pure tin free from lead and containing only traces of 
iron and sulphur, has a reddish-grey colour, and is so brittle that it may be crushed 
between the finger-nails; but on drenching the pieces with hot water, they immediately 
acquire a lighter colour and much stronger cohesion ; strong pressure or a heavy blow 
likewise brings out immediately a whiter colour. The specific gravity of the altered 
metal was only 5*8, but increased to 7*3 when tbe lumps were immersed in hot water. A 
specimen of disint<^grated Banca tin, received from Fritzsche, exhibited nearly the same 
behaviour ; its sp. gr. was 6*0, and increased on immersion in boiling water to 7‘25. A 
further peculiarity in this latter specimen was the greater facility with which it passed 
from the grey into the white modification, heating for an hour and a half in ether-vapour, 
being sufficient to effect the conversion, whereas the Freiberg tin under these circum- 
stances remained unaltered even after three hours, and did not acquire the density of 
7*3 till it had been heated to 5*9° (in vapour of acetone). The grey modification is 
electro-negativd to, the white in dilute potash-solution, positive in dilute nitric acid. 

Estimation a7id Sejparatio7i . — Pellet a. Allart {Bull. Soo. Ohim. xxvii. 438) 
estimate tin volumetrically by means of standard solutions of ferric or cupric chloride. 

For the assay of tin ores, A. E. Arnold {Chem. News, xxxvi. 238) reduces the 
stannic oxide with hydrogen at a moderate red heat, and determines the loss of weight. 
The metallic tin is dissolved in ferric chloride, and the amount of ferrous oxide thereby 
formed is determined by titration. 

Separatio7i from Arsenic a7id Anti7no7iy . — Tin is completely precipitated from 
solution in aqua regia by sulphuric acid, phosphoric acid, ammonia, alkaline carbonates, 
and potassium cyanide, whereas solutions of antimonic acid, if prepared with tartaric 
acid, give no precipitate with either of these reagents. For quantitative separation, 
however, the only suitable reagent is jpotasskm cyanide, as it is the only one which 
precipitates the tin completely as stannic oxide without at the same time throwing 
down part of the antimony. The precipitated stannic oxide is difficult to filter, but 
the filtration may be facilitated by addition of calcium chloride, in such quantity that 
the calcium carbonate subsequently precipitated by potassium carbonate may amount 
to about fifteen times the quantity of the stannic oxide. The following mode of con- 
ducting the process is given by CL Winckler {Zeitschr. anal. Chem, 1875, 166) : The 
compound to be analysed, if an alloy, is dissolved in aqua regia, with addition of 
tartaric acid, or if it contains the metals in the form of sulphide, it is dissolved in 
dilute potash-ley ; bromine is added in slight excess ; the solution is neutralised with 
hydrochloric acid, and diluted to 300-400 c.c. ; the necessary quantity of calcium car- 
bonate is then added ; and the solution is neutralised with potassium carbonate, mixed 
with potassium cyanide, and finally with a slight excess of potassium carbonate in 
order to complete the precipitation of calcium, after which the liquid is heated to 
boiling, and passed through a filter without previous stirring up of the precipitate. 
This last operation is once repeated with fresh water, and the precipitate which 
remains in the beaker is dissolved in a small quantity of strong hydrochloric acid, 
and again precipitated with cyanide and carbonate of potassium. By this treatment, 
the whole of the antimony and arsenic are obtained in the filtrate, while the precipi- 
tate-after being well washed and dried (the filter being burnt), and very strongly 
ignited in a porcelain crucible — contains the stannic oxide in the insoluble form, 
together with calcium carbonate, which may be easily separated from the stannic oxide 
by treatment with dilute nitric acid. 

From arsenic alone tin may be separated by precipitating the two metals with 
hydrogen sulphide,^ and boiling the precipitate with water, whereby the sulphides are 
converted into oxides, of which that of arsenic is soluble, while the tin oxide is in- 
soluble. Care must be taken that the mixed sulphides, immediately after precipita- 
tion, are^ completely freed from adhering acid by washing with water. They are then 
to be boiled in a flask with a large quantity of water as long as hydrogen sulphide 
continues to escape ; or the operation may be accelerated by using a retort, through 
which a stream of air is passed. The same method may be applied to the quantitative 
separation of arsenic from all the other metals which are precipitated by hydrogen 
sulphide (Da Clermont a. Frommel, Cornet. 7'end. Ixxxvi. 828). 
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Alloys. The arsenide of tin, Sn-S®, formed hy fusing the two metals together 
under boric oxide, is brittle, crystalline, and has a density of 6‘56 (Descanips, Com^pt. 
rend. Ixxxvi. 1065). 

On the physical properties and composition of alloys of Tin and Copper, see 
pp. 563-566. 

Tin and Lead. — The action of distilled water, vinegar, and solution of common 
salt on these alloys has been examined by F. Knapp (J)ingl. poL J, eexx. 446), who 
finds, in accordance with former investigators, that the alloy composed of 4 pts. tin 
and 9 lead withstands the action of these liquids better than alloys containing larger 
proportions of tin. In general, the q^uantities of metal dissolved out from these 
alloys, even under unfavourable conditions of experiment, were quite insignificant, so 
that there is really nothing to fear from the use of culinary vessels made of them. 
On the action of Water and Saline Solutions on these Alloys, see also Bessnou 
(p. 1167). E. Weber {Bingl, pol. J. ccxxii. 153, 264; Chem. Soc. J. 36, 390) 
finds that when alloys of lead and tin, or of lead, tin, and antimony, are treated with 
vinegar, the quantities of metal dissolved decrease rapidly as the proportion of tin in 
the alloy increases. In treating the alloys with vinegar a second time, the total 
quantity of metal dissolved is less, but it contains a larger proportion of tin, because 
a portion of the lead dissolved in the first instance is precipitated by the action of the 
alloy on the metalliferous vinegar. 

Stannic Bromide, SnBr-* (v. 806). Carnelley a. O’Shea (Chem. News, xxxvi. 264) 
prepare this compound by acting on tin in a VV-sbaped tube with bromine. When 
purified by distillation, it forms a colourless liquid which solidifies to a mass of 
colourless crystals. It melts at 30*^, boils without decomposition at 201°, does not 
fume, but slowly decomposes in contact with the air ; dissolves in water without 
immediate decomposition. Its vapour-density, determined by Dumas’ method, agrees 
with the molecular formula SnBr'‘ Soc. J. xxxiii. 55). 

The double salt, SnBr‘‘,2NH‘‘Br, crystallises in combinations of the cube and octo- 
hedron. Sp. gr. = 3*505 (Topsoe, Wien. AJead. Bcr. [2 Abth.], Ixix. 261). 

Chlorides. The vapour-density of stannous chloride was found by Rieth 
{Ber. iii. 668) in two determinations to be 7*47 and 6*88 [H — 1], agreeing nearly 
with the molecular formula SnCl-, w*hich requires 6*53. V. and 0. Meyer, on the 
other hand {Ber. xii. 1195), find it to be 12*85 at 619'^ C. and 13*08 at 697°, leading 
to the formula Sn'Cl'*, which requires 13*06. They are of opinion that the lower 
numbers obtained by Rieth were due to the circumstance that he employed too high 
a temperature, at which the stannous cliloride underwent dissociation; they find, 
indeed, that it gives off chlorine at a bright red heat. Carnelley, on the other hand 
{Chem. Soc. J. xxxvi. 1014), considers that the results obtained by V. and 0. Meyer 
are not quite conclusive as to the vapour-density of the compound, inasmuch as they 
were made at temperatures too near its boiling point, 617°-628°. 

Double Salts of Stannic Chloride. — 2]SraCl,SnCl‘‘,6H-0 is obtained by adding the 
calculated quantity of sodium chloride to an aqueous solution of stannic chloride, and 
separates in ill-defined crystals with dull striated faces. A salt, represented by the 
formula 2[lS‘a®‘^3(NH‘‘)0’®^01],SnCl‘*, was obtained by adding sodium chloride to a 
solution of tin in aqua regia, the ammonia being formed by the action of the nitric 
acid on the tin. CaCP,SnCfj,8H-0 forms large, transparent, extremely deliquescent 
rhombohedrons. SCr“,SuCI‘,8H“0, striated needles or channelled prisms without 
definitely bounded faces (Topsoe, Wien. Akad. Ber. [2 Abth.], Ixix. 261). 

The following salts, prepared by Gleve {Bull. Soc. Chim. [2], xxxi. 197), are 
exactly analogous in constitution to the corresponding platinochlorides. The lanthanum 
salt has the composition 2La'’Cl®,5SnClb45H“0 ; the is Ce"Cl®,2SnClbl8H“0. 

The didymium salt, Di^-Cl®,2SnCl‘*,2lH-0, forms large red crystals ; the yttrium salt 
contains Y2C1^2SnCB,16H‘-^0. 

Oxides. Stannous oxide, SnO, is obtained in the form of a violet-black crys- 
talline powder, when the precipitate formed by adding potassium cyanide to a solution 
of a stannous salt is boiled for several days with solution of potassium cyanide 
(L. Varenne, Compt. rend. Ixxxix. 360). 

Stannic Oxide, SnO-. — The crystalline form of native stannic oxide (tin stone) 
has been examined by F. Becke {Jahrh.f. Min. 1878, 76), who finds that the ratio of 
the principal to the secondary axes is 1 : 0*67232. Microscopic examination of a 
specimen of wood-tin enclosed in quartz showed that the needle-shaped crystals, which 
were arranged in groups, agrees in form with needle-tin ore. A tin-stone from 
Schlackenwald gave by analysis 98*74 per cent SnO^ 0*19 SiO-, 0*12 FeO, and 0*41 
CaO(= 99*46). According to A. E. Arnold (C'/^^;^. Ahws, xl. 25), both the liative 
oxide and the strongly ignited artificial oxide are soluble in strong liydrocbloric acid. 
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ChlorostanniG Acid. — J. W. Mallet {Gh&niti. Boc. J. xxxv. 524) observed in a 
moderately concentrated solution of stannous chloride which had been kept for a year 
or two in a bottle not very well closed, a layer of a translucent yellow gelatinous 
substance, which, when purified by wasting with water and dried, had the composition 
SnO-HCl, and probably the constitution of chlorostannie acid, 0=::Sn(0H)CL When 
heated, and even when left in a vacuum, it splits up into SnO^ and HCl. Its acid 
character is shown by its behaviour to soda and ammonia. By the foriner it is re- 
solved into sodium chloride and stannic hydrate, which slowly dissolves in the excess 
of alkali ; with ammonia, on the other hand, it forms a salt having the composition 
SnO(ONH^)Cl. 


Organic Comigoiindz of Tin. 

On Ferrocyanides of Tin, see Cyanides (p. 613) ; Mercaptides (p. 1276). 

The crystalline forms of the stannmethyl compounds and their homologues 
are described by Hiortuahl {Cornet, rend. Ixxxviii. 584 ; Chem. Boc. J. xxxvi. 518). 

Stannopropyl-compounds. Some of these compounds, prepared by Cahours, 
have been already described (vii. 1085). The following have been obtained by 
Cahours a. I)emar 9 ay {Compf. rend. Ixxxviii. 1112). 

Btannodipropyl Biiodide, or Stannic Diiododipropide, Sn(C^H^)“P, is 
obtained by the action of pure tin on propyl iodide, whereas that of an alloy of tin 
with 10 per cent, sodium gives rise to stannotripropyl iodide, Sn(C®H^)^I. The di- 
iodide, separated from the other products of the reaction by distillation in a vacuum, 
is a colourless strongly refractive liquid boiling at 270°-273°. Alkalis convert it 
into the corresponding oxide, which is a white amorphous substance insoluble in 
water, alcohol, and ether, and this, when treated with hydrochloric acid, yields the 
dichi or ide, Sn(O^H^)-Cl“, which melts at 8{)°-81°. 

Btannotripropyllodide, or Btannic lodotripropide, Sn(C®H^)% formed, 
as above mentioned, by the action of sodinm stannide on propyl iodide, may he dis- 
solved out of the product by ether, and is obtained on distilling the residue left after 
the evaporation of the ether, as a colourless mobile liquid having a very pungent odour 
and boiling at 260°-262°. It is decomposed by silver salts, yielding corresponding 
salts of.stannotripropyl, and is converted by distillation with potash into a crystalline 
hydroxide, Sn(0®H^)*0H, which unites with acids forming crystalline salts. 

Isopropyl iodide, similarly treated, yields a series of tin-compounds analogous to 
those just described. Like other isopropyl-compounds, they are more fusible and 
volatile than the corresponding compounds of normal propyl. The di-iodide boils at 
265®-“268° ; the dichloride at 56*5°-57'5®. Btannic iodatriisopropide, Sn[CH(CH®)^]*I, 
boils at 256°-268°. 

Stannobutyl and Stannamyl Xodtdes (Cahours a. Demargay, Compt. rend, 
Ixxxix. 68). Btannic di^odo-diisobutide, Sn(C^H°)2l2 is a colourless liquid, boiling at 
290^-295°, obtained by heating tinfoil and isohutyl iodide at 120°-125° in a sealed 
tube for several hours. Ammonia and potash give a white amorphous precipitate of 
the hydroxide, which yields crystalline compounds with acids. The corresponding 
chlorine compound, Sn(C-‘H'*)2Cl-, prepared by the action of hydrochloric acid on the 
iodo-derivative, is a colourless, mobile, heavy liquid, boiling at 260°-262° and solidi- 
fying at 5°-6° to a mass of silky needles resembling asbestos. Btannic iodotrihxutide, 
Sn(0'‘H®)^I, a colourless liquid, having an irritating odour, is obtained by heating a 
finely powdered alloy of tin and so^um containing 8 to 10 per cent, of the latter, 
metal with an excess of isobutyl iodide, and exhausting the solidified mass with ether. 
It boils at 284®-286°, and when heated with potash gives the corresponding hydroxide, 
which boils at 311°-314®, and forms crystalline compounds with formic and aeetie 
acids. 

The action of isopentyl or amyl iodide on tin appears to yield a mixture of stannic 
di-iodo-diisopentide and stannic iocb-triisopentide, which decomposes on distillation, 
and when’ treated with ammonia gives a white flocculent precipitate of the two 
hydroxides, which may be separated by means of ether, and yield crystalline com- 
pounds with acids, an alloy of sodium and tin is employed, the main product 

of the reaction is stannic iodo-triisopentide, Sn(C^H‘^)3l, an almost colourless liquid, 
having a feebly irritating odour and boiling at 302^-305°. The action of potash 
yields the hydroxide Sn(C®H“)®OH, a colourless, limpid, heavy liquid, which boils at 
with partial decomposition, and forms crystalline compounds with formic 
and acetic acids. 

rfbm the stannic methides to the stannic pentides, the stability of the compounds 
gradually decreases and their odour becomes less irritating. 
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Stannopliesiyl Compounds (Aronheim, JBer. x. 2228 ,* xi- 2285 ; Liebig's 
AnnaXen, cxciy. 145). These compounds are prepared by the mutual action of 
mercury-diphenyl and stannic chloride in boiling ligroin, the liquid after twelve hours 
being filtered and distilled in a parafiln-bath at a temperature not exceeding 150°-160°. 
On pouring the residue into water which is kept cool, the ligroin separates out, while 
stannic chloride, hydrochloric acid, and stannic diphenylchloride remain in solution. 
On heating this solution, the stannic diphenylchloride or dichlorophenide, Sn^C^HO^Cl', 
is precipitated as an oily liquid, and the liquid decanted from it deposits, on further 
warming, sticky pulverulent substances which, after being heated for two hours, may 
be collected on separate filters. The first portion (m. p. 175°) consists of stannic 
diphenylchloride and the corresponding hydroxychloride ; the second (175°-1 87°) of 
the nearly pure hydroxychloride ; the third of an infusible mixture of oxychloride, 
stannic diphenyloxide and stannic oxide. By washing with alcohol and prolonged 
suspension in water, the second portion is converted into perfectly pure stannic 
diphenylhydroxychloride, Sn(C®H^)'‘^C10H, melting at 187°. 

Stannic Diphenylchloride, Sn(C®B[®)^GP, crystallises in colourless triclinic 
prisms, in which, according to Arzruni’s measurements, a = 62° 4_7'; i8 = 76° 48'; 
7 = 94° 3'; a :b : c = 0*5877 : 1 : 1*0666. Observed forms : coP oo,_ooP co, OP, 
'P CO, oo P/, P/4. Measured angles : cq P oo : oo f co = 87° 45' ; oo P co : P^ co = 

77° 14'; ooPco : OP = 62° 55'; 'P, co : a)Poo = 56° 40'. The chloride distils with 
partial decomposition at 333°-837°, the oily distillate remaining liquid for several 
weeks. It dissolves easily in ether, alcohol, and ligroin, less easily and with partial 
decomposition in water. It crystallises best from ligroin ; the prisms effloresce very 
easily on some of their faces. By moisture the chloride is converted into the hydroxy- 
chloride ; by alkalis into the oxide ; by hydriodic and hydrobromic acids into the 
cliloriodide'and chlorobromide respectively. ^ Sodium-amalgam converts the chloride 
dissolved in ether into stannic triphenylchloride, Sn(0®H®)'‘Gl, melting at 106°. Gon- 
centrated acids split up the chloride into benzene and inorganic tin-salts or stannic 
acid. 

Stannic Dipheny Ihydroxy chloride, Sn(G®IP)-G10H, is an amorphous powfier 
which does not dissolve in the ordinary solvents. Strong hydrochloric, hydrobromic, 
and hydriodic acid convert it into the corresponding halogen-compounds ; strong 
nitric and sulphuric acid decompose it ; hydrogen sulphide does not -act upon it. 
Stannic diphenyliodide is very unstable, and is immediately converted by the 
excess of hydriodic acid into stannic iodide and benzene : Sn(G“iI^)“P-t- 2HI = SnI'‘ + 
2G®H®. The chlorobromide, Sn(0‘^H^)'GlBr, after standing for some time, suddenly 
solidifies to a crystalline mass of stony hardness, consisting of pinacoids with 
apparently rhombic end-faces ; it resembles the chloride, and melts at 39° ; its odour, 
like that of the chloride, is pungently sweetish ; in contact with water it crumbles to 
a white powder. 

Stannic Diphcnylchloroiodide, Sn(G^*H®)‘'^GlI, is very easily decomposed by 
water, but very stable in the dry state. Prom its brownish solution in ether it sepa- 
rates in yellow monoclinic crystals, wdiich become perfectly white on exposure to the air ; 
they melt at 69°. This compound is most conveniently prepared by passing dry 
hydrogen iodide over the crystallised dichloride ; the yield, however, is indifferent at 
the best ; a thickish oil is obtained as secondary product. The chlorobromide may 
be prepared in a similar manner. 

Stannic Diphenyldihromide, Sn(G®lI^)“Br“, is obtained by treating the oxide 
with hydrobromic acid at a gentle heat, first as a colourless oil which solidifies when 
touched with a crystal of the bromochloride ; it melts at about 38°. The action of 
hydriodic acid on stannic diphenyloxide gives rise to benzene and stannic iodide. 

Staoinic Diphenyl-diethowide, Sn(G®H®)“(OG^H®)^, is obtained by the action 
of sodium-amalgam on the di chloride dissolved in ether-alcohol, and separates from 
the solution in cubic crystals which melt at 124°, and are decomposed by water, with 
formation of stannic diphenyloxide. 

Stannic Triphenylchloride, Sn(C®H®)®Cl, obtained, as already mentioned, by 
the action of sodium-amalgam on an ethereal solution of the dichloride, forms large 
white crystals which, after repeated crystallisation, melt at 100°. Its preparation 
succeeds only when the sodium-amalgam used contains a certain quantity of moisture. 
It is also produced when ammonia gas is passed over the fused dichloride. From the 
stone-hard product alcohol extracts the triphenylchloride and sal ammoniac. A 
secondary product is also formed, consisting of a sparingly soluble white tin-compound 
from which water extracts the hydroxychloride, lSn(C®H'’)-C10II ; the compound in 
question is perhaps an amidochloride, Sn(G<*H®)®ClNII-. 
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Stannio Tri^licmjtoxkte also forms salts with oxygen- acids, and when treated with 
potash yields the hydroxide Sn(C®R^)®0H4- which melts at 117°-11S°, and 
gives off 1 mol. water at 120°. 

TZTASrXXnMC. At. w. = 50. This element appears to exist in small proportion 
in the atmosphere of the sun, its presence being indicated by certain dark bands in 
the ultra-violet portion of the spectrum (Cornu, Compt. rend. Ixxxvi. 101, 983). It 
has been found by Schuhmacher (Jahrb.f. Min. 1878, 817)inavesuvian occurring 
at Pammelsberg in Silesia, in which it appears to replace isomorphously an equivalent 
quantity of silicon (see Vesuvian). On the occuiTenee of titanium as oxide and as 
ferrosoferrie titanate, seepp. 1979, 1980. 

Preparation. — S. Kem (Chem. News, xxxiii. 57) prepares metallic titanium by 
passing the vapour of the tetrachloride through a heated bulb-tube containing lumps 
of sodium, separating the resulting mixture of sodium chloride and titanium with cold 
water, washing the residual titanium with ether, and dr 3 nng it over sulphuric acid. 
Thus prepared, it does not act upon water at any temperature below 500°. Wehrlin 
a. G-iraud {Oompt rend. Ixxxv. 288) fuse potassium-titanium fluoride with an equal 
'weight of iron-fllings, the iron then combining with the liberated titanium, which may 
be easily isolated by treating the product with hydrochloric acid. 

Detection. — In testing an iron ore containing phosphoric acid for titanium, 
E. H. Bogardus {Sill. Am. J. [3], vih. 334:) noticed the following reactions : 1. The 
presence of phosphoric acid appears to prevent the precipitation of titanic acid from 
its acid solution on boiling. 2. Titanic acid colours turmeric paper brown or orange 
like boric acid. 3. In presence of phosphoric acid and iron, titanic acid is precipitated 
from an acid solution by hydrogen sulphide. 

Estimation. — \Y. Bettel {Chem. News, xxviii. 93) estimates titanii m in 
minerals by fusing the finely pulverised substance with acid potassium sulphate in a 
platinum crucible at a heat slowly raised to redness, till the mass passes into the 
state of tranquil fusion ; digests the mass, after cooling, with a moderate quantity of 
water ; filters from separated silica ; dilutes with water ; adds sulphurous acid till 
all the iron is reduced ; and boils the solution for six hours, renewing the water as it 
evaporates, after which the separated titanic oxide is collected on a filter, dried, 
ignited, and weighed. 

A. Knop {ZeitscliT. Krpst. 1, 58) points out that the ordinary methods of estimating 
titanium do not give exact results, and that the presence of titanium in siliceous 
minerals and rocks is often overlooked : he finds, however, that correct results may 
be obtained by the following method. The ammonia precipitate, consisting of ferric 
oxide, alumina, and titanic oxide, is filtered, washed, ignited, and weighed, then fused 
with acid potassium sulphate ; the melt is dissolved ; the solution mixed with tartaric 
acid, and made alkaline with ammonia ; and the iron precipitated by ammonium 
sulphide. The filtrate is next evaporated to dryness ; the residue ignited and mixed 
with strong sulphuric acid, which completely removes any blackening produced by 
the tartaric acid, and not previously removed by the ignition; then treated with 
excess of caustic soda-solution, which dissolves the alumina, leaving sodium titanate 
to be again fused with potassium sulphate. On dissolving the melt in water and 
boiling the solution, titanic oxide remains behind. By this method Knop has demon- 
strated the presence of considerable quantities of titanium in the melanites of the 
Kaiserstuhl range, and of Frascati near Home, and in pyroxene from the former 
locality. 

For the estimation of titanium when associated with zi^ •'onium, as in astro- 
phyllite, arfvedsonite, and zircon, the following colorimetric method is employed by 
Gr. A. Konig {Zeitschr. Kryst. i. 423). The mixture of titanic oxide and zirconia 
obtained by the ordinary method of analysis having been weighed, a blowpipe-bead 
weighing 0'6o mg., prepared from 0T2 mg. phosphorus-salt, is coloured with 2 mg. of 
the mixture, and its tint is compared with those of a series of 10 or 20 test-beads 
likewise coloured by 2 mg. of oxkle containing from 0 to 100 per cent. APO« and 100 
to 0 per cent. TiO^. This method admits of the estimation of 5 or even 2*5 per cent. 
TiO® in the bead. 

Chlorides. The Tetrachloride, TiCF, or Titanic Chloride, may be pre- 
pared by passing the vapour of carbon tetrachloride over small lumps of titanic oxide 
placed in a tube heated to bright redness, the titanic chloride thus obtained amount- 
ing to about 50 per cent, of the carbon tetrachloride used. The same result may be 
more economically obtained by using, instead of the carbon tetrachloride, a mixture 
of carbon monoxide and chlorine in equal volumes (0. W. Watts a. C. A. Bell, Chem. 
Soc.tiG 1878, xxxiii. 443). 

Titanic chloride is decomposed by sulphuric hydroxychloride, SO'(OH)Cl, with 
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formation of a yellow amorphous deliquescent powder having the composition 
ClS02,0Ti0P (Clausnizer, Ber. xi. 2011). 

Compounds of Titanic Chloride with Ethers (Demarqay, Bidl. Soc. 

[2], xx. 127; Compf. rend.lxx. 1414). Titanic chloride unites directly with 
the ethers of organic acids, also with ethyl mercaptan and ethyl sulphide^ forming 
compounds which, according to Demar 9 ay, are constituted according to the formulae 
on the right-hand sides of the following equations. With ethyl acetate the three 
following compounds are formed : 

2TiCP + = TiC1^0C2H^TiCl^C-ii«0Cl 

TiCP + C-H^O.OC^H- = TiCROC^H^C^H^OCl 
TiOP + 2(C2H30.0C-H0 = TiCP(OC'^Hs)2 2C2H=^OCl 

Demargay rests his view on the observation that the compound TiCl^(OC'^B["’) 
unites directly with acid chlorides, and with titanic chloride, forming the compounds 
above mentioned : thus with ethyl acetate it forms the compound 

TiCP.OC^Hs + - TiCP(OC2H=)2 C^HSOCI 

intermediate between the last two in the preceding series. 

With ethyl henzoate tliree compounds are also formed, which are more stable and 
crystallise better than the acetyl- compounds, but are decomposed by water, with 
formation of benzoic acid and ethyl benzoate. The formulse are the same as those 
above given, substituting C^H^O for C-H^O. There is also a compound, 
TiCP(0(J2H®0)®,G^H^0Cl, formed by combination of TiCP.OC-H*''* and ethyl benzoate. 

Perfectly analogous compounds are also formed with the ethylic ethers of butyric, 
valeric, caproic, and angelic acids, also with amyl acetate and valerate and with 
methyl benzoate. The ethers of bibasic acids likewise yield analogous but much less 
stable compounds ; ethyl oxalate, for example, yields the two compounds 

2TiCrSC2O‘‘(C''H‘0“ and TiCr‘,C“OXC“Hs)S 

and ethyl succhiate the three compounds 

oTiCl‘,CiH^OXC-H5)2 ; 2TiCl‘,C‘H‘0^(C2H5)'-i ; and TiCl‘,C''H'0 ‘(C^H-'')^. 

With ethyl hydrosulpMde and sulphide four compounds are formed, viz. : 

TiCl* + C^-H^SH - TiCP.SC2H^HCl 

TiCl-^ + (C-H'-‘)'-^S = TiCP.SC'•‘H^C-H•>Cl 

TiCP + 2(a^H5.SH) = TiOP.(SC-H-0^2HCl 

TiCP + 2(C'^H'^)-S = TiCl-0'SC2H-'^)'^2C-HsCl 

The first two have a blackish-red colour, and do not crystallise well ; the third and 
fourth crystallise well, the third having a scarlet and the fourth a fine dark red 
colour. Lastly, the following intermediate compounds have been obtained : 

TiCP -h C^mSH -h C^H^O.OC-H-^ = TiCr-(SC‘-^HO(OC'^H5),G^H50Cl,HCl 
TiGP -h + G^ffO.OG^H^ = TiGP(SG-H^)(OC“H’),G’H^OGl,G'^H^Gl. 

The following bodies have been jprepared by P. P. Bedson {Chem, Soc. J. 1876, 
xxix. 309), A compound of titanic chloride with ethyl oxide, TiGl‘‘,(G*H®)20, is 
formed by mixing equal parts of the component bodies in a cooled vessel. It is a 
yellow crystalline body, which melts between 42° and 45°, boils at 118°-120°, and is 
resolved by water into hydrogen chloride and titanic oxide. By mixing the consti- 
tuents in different proportions the compound 2TiGP,3(G“H^)20 is obtained. Titanic 
EthyUricklorhydrin, TiGP(OG^H®), is obtained from the residues left in the prepara- 
tion of the last-mentioned compound, by the application of a strong heat, or in larger 
quantity by heating the mixture of ether and titanic chloride in an oil-bath. When 
pure it forms a crystalline mass, melts at 76°-78°, and boils at 186°-188°. 

The Hydrochloride of Titanic Triethylchlorhydrin, TiGl(OG-H^)®,HGl, is obtained 
by the action of titanic chloride (1 mol.) on -absolute alcohol (4 mol.), the mixture 
being heated in a water-bath at 80°-100°, the excess of alcohol, after the action is 
over, being removed by distillation, and the remaining white crystalline mass recrys- 
tallised from alcohol. It forms white crystals, which melt between 105° and 110°, 
and are decomposed by water. On dissolving it in alcohol and adding a very dilute 
alcoholic solution of sodium ethylate, sodium chloride separates out, and the liquid 
contains ethylic titanate, Ti(OG2H^)’S which crystallises easily in deliquescent 
needles, and is converted by addition of water to its ethereal solution, into titanic 
hydroxide, Ti(OH)^ which is precipitated (Demar^ay, Compt, rend. Ixxx. 51). 

Trichloride, Ti^GP, and Bichloride or Titanous Chloride, TiOl* (Fciedel 
a. G-n4rin, Coonpt. rend. Ixxxi. 889).— The trichloride (also, though erroneously, called 
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sesqidchhride) is formed by heating the tetrachloride with reduced silver in a sealed 
tube, but cannot be separated from the silver chloride formed at the same time, either 
by solvents or by distillation. . On distilling the mixture, the tetrachloride passes 
over, and metallic silver remains behind. The trichloride is not volatile as stated by 
Ebelmen. When it is heated in a stream of hydrogen to the temperature of boiling 
sulphur, at which the tetrachloride is not attacked by hydrogen, the tetrachloride 
passes over, and a black substance remains, consisting of the dichloride. It is 
probably tMs latter compound which in the experiment above described effected the 
redaction of the silver chloride to metallic silver. 

A hydrated trichloride^ Ti-Cl®+8H-0, is formed when the violet solution obtained 
by the action of hydrocliloric acid on titanium is evaporated to the crystallising 
point. It oxidises with extraordinary facility, with continuous separation of finely 
divided titanic oxide (Glatzel, Ber. ix. 1829). 

Titanium dichloride is very difficult to obtain pure, as it is very apt to be con- 
taminated either with a small quantity of oxychloride or of unaltered trichloride. To 
obtain a pure product it is indispensable to proceed as follows. The trichloride 
having been prepared by the action of hydrogen on the tetrachloride, the hydrogen is 
displaced by a stream of carbon dioxide, the trichloride is then introduced into a 
tubulated retort previously filled with carbon dioxide, and this gas is again displaced 
by hydrogen. The retort is then placed on a sand-bath, and the bath is heated to 
dull redness, while a continuous stream of-hydrogen is passed through the retort. 
When the whole of the tetrachloride has been distilled over, the residue is left to cool, 
the hydrogen is displaced by carbon dioxide, and the residual dichloride is transferred 
to tubes ffiled with the same gas. The dichloride in cooling absorbs hydrogen, and 
unless this gas is expelled the compound will take fire on exposure to the air (Friedel 
a. Gu4rin). 

Titanium dichloride thus prepared is a black light substance, which greedily 
absorbs moisture, being thereby converted into a kind of mud. When thrown into 
water it hisses like red-hot iron, and if touched with a drop of water takes fire. It 
quickly decomposes water with evolution of hydrogen, and forms a yellow liquid like 
that which results from the deliquescence of the trichloride in moist air. It is in- 
soluble in ether, carbon sulphide, and chloroform. Absolute alcohol is also decom- 
posed by it, with evolution of hydrogen, and formation of a yellowish liquid which 
becomes, blue-black on addition of ammonia. Bromine combines with the dichloride, 
giving rise to incandescence, and forming a liquid, probably TiCPBr-, which boils at 
176°. The dichloride volatilises at a red heat in a stream of* hydrogen without pre- 
vious fusion. Heated in the air on platinum-foil, it burns like tinder, giving off 
vapours of the tetrachloride and leaving titanic oxide. The trichloride likewise 
absorbs bromine, forming a liquid, probably Ti^CPBr, which boils at 164° (Friedel a. 
Guerin). 

Oxycbloride, Ti-OUl-. This compound, analogous to Ti^Cl®, is formed as a 
secondary product in brown-red scales in the preparation of the dichloride by the 
method above described, especially if the precautions as to the exclusion of moisture 
are not very strictly observed ; it may be obtained in larger quantity by exposing 
titanic oxide at a red heat to the action of a mixture of hydrogen and the tetrachloride. 
It forms red-brown rectangular laminae, apparently orthorhombic, which are not 
directly attacked by water or by very dilute nitric acid. On exposure to the air it 
gradually turns white, from formation of titanic oxide. The crystals are attacked by 
ammonia, turning first black and then white, without alteration of form ; at the same 
time hydrogen is evolved (Friedel a. Guerin, Compt. rend. Ixxxii. 509). 

Pbospbochlorides. The phosphochloride, TiClbPGF, which Ziittsehen obtained 
by the action of PCI® on titanic oxide, and the phosphoroxychloride, TiOlbPOCbb 
which Weber obtained by treating titanic oxide with phosphorus oxychloride (vi. 
1097), may also be produced by the following reactions. The phosphochloride is 
directly formed by heating molecular proportions of titanic chloride and phosphorus 
pentacMoride in sealed tubes at 160° ; the phosphoroxychloride in like manner by 
heating 2 mol. POP with 1 mol. TiO^. The latter is an easily erystallisable body, 
which melts at 110° and boils at 140°. Both these compounds exhibit a remarkable 
behaviour with alcohols. On throwing them by small portions into ethyl or methyl 
alcohol, reactions take place, represented by the following equations : 

TiPCF + 7C2H®OH = 4HC1 + 4G2H®C1 + TiCi(OC2H®)®,PO^H® 

and 

TiPCl^O -i- 6C2B;®0H = 3HC1 + SC^H^Cl + TiCl(OC2H®)3,PO^H®. 

After ^removal of the alcohol, there remains a gummy mass which has a metallic 
taste^ and is decomposed by water into hydrochloric acid, and a compound, 
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TiO(OC^H^)^PO‘‘H®, insoluble in water and in ether, but soluble in alcohol. On 
heating this compound, ethyl chloride is first given off, then ether, and there remains 
a compound of titanic oxide with phosphoric acid, TiO^jPO^H^ (Wehrlin a. Gbaud, 
Comjpt re7id. Ixxxv. 288). 

Kitrides. Two of these compounds are known, viz., TPN* and Ti^N^. The 
first, analogous in constitution to TiOP and TiO^, was discovered by "Wohler a. 
Peville, who obtained it by heating potassium-titanium fluoride, or the corresponding 
sodium-compound, in nitrogen* gas (v. 841). It crystallises in copper-coloured crusts, 
which when examined by the microscope exhibit triangular summits, apparently be- 
longing to a rhombohedron. When ignited in hydrogen, or even in ammonia-gas, it is 
easily converted into Ti^N^. 

This latter compound, IST—Ti — Ti— N. analogous to Ti-CP, is produced by 
strongly igniting the sesquioxide or dioxide of titanium for several hours in a current 
of perfectly dry ammonia-gas. The product is an amorphous brass-yeilow powder, 
having a density of 6'28 at 18°, and hard enough to scratch topaz. When sxispended 
in water it is transparent with a blue colour, but appears yellow by reflected light. It 
is converted into titanic oxide by ignition in the air, and is attacked by melting 
potash, with evolution of ammonia. The same compound is obtained, mixed with 
charcoal, when titanic oxide is heated to bright redness in cyanogen-gas. It is also 
frequently produced as a brass-yellow film in the preparation of titanium trichloride, 
when due precaution is not taken to exclude nitrogen from the apparatus (Triedel a. 
Guerin (CompU mid, Ixxxii. 972). 

On Titanium FerrocyanideSt see p. 613. 

Oxides. Sesqtbioxide^ TPO®. — This oxide is one of the secondary products 
obtained in the preparation of the dichloride by heating the trichloride in hydrogen 
gas (p. 197S) when the ab is not completely excluded. A portion of the tube and the 
boat containing the trichloride then become coated with small, shining, copper- 
coloured crystals havmg a violet reflex, and appearing under the microscope as 
hexagonal laminae, exactly similar in form to iron-glance from Elba, Ee-0®, and to 
ilmenite, EeTiO®. The isomorphism between ferric oxide and titanium-compounds 
here exhibited is likewise seen in other compounds, as Ti-Cl“ and Ee^CP, and 
and 'Fe%SO^y. 

Salts analogous to this oxide are formed when metallic titanium is dissolved 
in hydrochloric or sulphuric acid ; with hydrofluoric acid, on the other hand, TiF^ is 
produced (v. 840), but in no case is a salt analogous to the dichloride obtained by the 
action of an acid on metallic titanium. The stdphatc, Ti-(S0')^8H-0, crystallises 
readily from the violet solution obtained by treating titanium with sulphuric acid and 
concentrated by evaporation, in laminated groups of small crystals. By oxidation with 
nitric aoad it is converted into titanic sulphate, Ti(S0‘*)2,3H-0, which is a perfectly 
transparent, somewhat yellowish, resinous mass, very hygroscopic and deliquescent. 
With potassium sulphate it forms the double salt, Ti(S0‘)‘-^,K“S0',3H-0, .which Warren 
obtained (v. 616) by fusing titanic oxide with acid potassium sulphate (Glatzel, Ber, 
ix. 1829). 

Dioxide ov Titanic Oxide, TiO^. — This oxide occurs native in the forms of 
Anatase, Brookite, and Eutile. 

The crystalline forms of anatase from the Lercheltiny Alp in the Binnenthal 
are described by C. Klein {Jahrh.f. Mm. 1875, 337). Four types are distinguishable, 
according to the predominance of P, |P, ooPoo or fP. The second and third types 
are those which have been described as Wieserin. The mineral occurs in clefts of a 
micaceous gneiss, accompanied by calcite (less frequently by arragonite), brown 
haematite, adularia, rock-crystal, mica, chlorite, iron-glance, rutile, and sometimes 
sphene. The specific gravities of the four types are as follows : 

Type 1(P) 2GP) 3(ooPco) 4(«P) 

Sp. gr. 3*87 3-97 3-83 3-869 

In type 2, two kinds of enclosure were observed and distinguished as magnetic iron 
oxide and rutile (?), to which perhaps the higher specific gravity is due. G. vom 
Eath {Jahrh.f. Min. 1876, 64) describes anatase as a coating on adularia, rutile, and 
iron-glance, from Monte Carradi in the Tavetsch. A development unusual in ana- 
tase is determined by the predominance of |P. Anatase and Brookite from the 
gneiss of the Pfitschin Joch, Tyrol, are described by A. Brezina {ibid. 1873, 645). 

Anatase and Brookite have been found by Klette {ZeiUchr. geol. Ges. xxvii. 442), 
together with quartz and magnesia mica, in a druse of orthoclase from Wolfshau, near 
Schmiedeberg, in Silesia. 

The crystals of Brookite are referred by A. Schrauf {Jahrh.f. Min. 187^^ 403) 
to three types, viz., those from Tremadoc, Korth Wales, those from Ulster County, 
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Kew Tork, and those of English, Eussian, and Swiss origin. They are all referable 
to a monoclinio system with the following elements ; 

a h c Axial angle 

Type I. 0-844149 : 1 : 0-93887 90° 21' 

„ II. 0-846931 : 1 : 0-93795 90° 39*3 

„ in. 0-841419 : 1 0-943441 90° 6*5' 

Sckrauf regards brootite as isomorphous -mth Wolfranij a relation -which is best 
exhibited by the form-ala TiTiO**. 

A ferruginous variety of brookite occurs in clefts of the andesite of the Arany 
Berg in Transylvania. A. Koch {Jahrb,f. Min, 1878, 652), from the crystalline form 
and from an analysis made -with a very small quantity of material, inferred that it was a 
rhombic modification of titaniferous iron, and called it fseudohrooMte; but G-roth 
{ZeitscJiT. Kryst. iii. 306), correcting Koch’s crystallographic determinations, shows 
that by a proper selection of the axes, the crystallographic elements of the mineral 
come so near to those of brookite, that it may be regarded as probably a ferruginous 
variety of the latter. Analysis gave : 

TiO» Fe“0»(") CaQO, MgQq X(») Sp. gr 

62*74 42-29 4-28 0*69 = 100 4-98 

(0 "Witli a little alumina : partly as FeO. (“) Determined by difference. (*) Loss by ignition. 

Eutile. G. vom Eath {ZeitscJir. f. Kryst, i. 13; Jalirh. f, 3£m. 1877, 297) 
describes rutile in forms of iron-glance. The small crystals from the Lerchettini 
Alp in the Binnenthal exhibit the combination P . P oo . co P . oo Poo . coP2, to- 
gether with a few other octagonal prisms, so placed that their principal axes are 
parallel to the three diagonals of the base OE of the iron-glance, and the face ooPoo 
is parallel to the base itself. That this peculiar formation is not a mere coating, but 
a true pseudomorph of rutile after iron-glance, is shown by the interior of the groups, 
which consists of fine-grained rutile. In the rutile from Hot Springs, near Slagnet 
Cove, Arkansas, octlings occur, intergrown parallel to the faces of Poo , which meet in 
a polar edge of 45*2°, the t-win-formation eight times repeated nearly forming a closed 
circle. V. Hansel (Jahrb. f. Min, 1878, 528) describes crystals of rutile from 
Madriach, exhibiting the combination P . Pco . coP . coPco . G, Seligman (Jahrb. f, 
Min. 1877, 828) describes regular intergrowths of rutile with magnetic iron ore, 
crystallised in tabularly distorted octohedrons, the vertical combination-edges of the 
rutile lying parallel to the edges of the magnetic iron ore, and the face ooPoo of the 
former to the predominating face of the latter. On the crystalline forms of Ilmeno- 
Txvtile from the eastern side of Lake Ilmen, see P. v. Jeremejew (Zeitsohr, Kryst. ii. 
504; Jakresb.f. Chem. 1877,1277). 

Titanates. Ferroso-ferrio Titanate (Titaniferous Iron). — A specimen of this 
mineral, rich in magnesium, from the diamond-bearing sand of Du Toit’s Pan, South 
Africa (mistaken by the miners for carbon), has been analysed by E. Cohen (Jahrb. f. 
Min. 1877, 695) with the foUowing result : 

InsoL 

TiO° FeO MgO residue Sp. gr. 

Found 52-69 6*91 26-50 11-85 2 07 = 100*02 K 

Corrected 53-79 7-05 27*06 12-10 — = 100 at 14 . 

Calcic Silicotitanate {fTitanite^ Sphene). — The following analysis by Schmoger of a 
titanite from the syenite granite, which forms a vein in the eclogite of Waldheim in 
Saxony, is published by H. Credner (Zeitschr. geol. Ges. xxvii. 202) : 

TiO“ SiO= A1=0= YO CaO 

37-45 31*37 4-79 3-13 0*88 22-38 = 100 

By the presence of alumina this mineral is related to the titanite, occurring in syenite 
near Dresden, described by Groth (Jahresb.f. Chem. 1866, 943), and named Grothite 
by Dana (Mineralogyi 5th ed., p. 386). 

Light-bro-wn to flesh-coloured titanite (greenovite. v. 398) occurs near Zermatt, in 
crystals of the combination Poo . — Poo . — 2P2 . — 4P4. -i--^P2, together with perow- 
skite on pennine. Manganese, the usual colouring principle of greenovite, was 
detected only in traces in a bright-coloured crystal, ferrous oxide somewhat more 
abundantly. Sp. gr. 3*547 (C. Hintze, Zeitschr. Kryst. ii. 310). Titanite crystals 
from the limestone of Ersby in Finland are described by F. J. Wiik (ibid. ^495), 
some ^ rhombohedral habit t ooP . OP), others tabular from predominance of ooPoo , 
the former directly imbedded in the limestone, the latter surrounded by scapolite. 
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TOBACCO. The following observations on the composition and culture of 
tobacco have been made by S. W. Johnson {Annual Bej^ort of the Conneeticui Board 
of Agriculture, 1873, 384). 

Tobacco leaf, as sold by the farmer, contains about 30 per cent, of water. The fol- 
lowing table shows the ash-constituents (not including sand or 00^) and nitrogen of 
dry tobacco-leaf from Connecticut and Massachusetts, also the mean ash-constituents 
of Kentucky tobacco : 


New England tobacco : — 
Highest percentages 
Lowest percentages . 
Mean (12 samples) . 
Kentucky tobacco : — 
Mean (30 samples) . 


Silica 

Chlorine 

Sulphuric 

acid 

Phosphoric 
acid • 

Lime 

Magnesia 

1 

o 

Ph 

Soda 

Sum of ash 
ingredients 

Nitrogen 

•30 

2-55 

1-69 

•80 

8-23 

2-21 

7*45 

1-81 

19-40 

5*11 

•05 

•08 

•52 

•47 

3-17 

•94 

3-90 

•08 

12*32 

3-20 

•14 

1-55 

1*09 

•59 

5*71 

1-36 

5*79 

•33 

16-56 

4*24 

•35 

•48 

•54 

•64 

4-58 

1-20 

4*82 

•27 

12-83 

— 


The percentage of nitrogen is greater than in any other cultivated crop ; part of it 
exists as nitrates. 

The composition of tobacco is very variable ; like all green crops, its constituents 
are much influenced by the nature of the soluble matters in the soil. According to 
Schloesing and Kessler, tobacco burns best when it contains considerable quantities of 
potassium malate ; this condition the manufacturer is able to imitate by treating the 
leaves with a solution of potassium acetate or of some other organic potassium salt. 
The presence of chlorides is injurious to combustion*, but the evil is obviated if a 
more than usual proportion of potassium malate is present. Sulphates rather favour 
and nitrates are prejudicial to proper combustion. Tobacco dried without fermenta- 
tion is yellow, the depth of colour varying according to the extent of the ferment- 
ation. 

A good crop of tobacco, yielding 1,260 lbs. of dry leaf and 1,100 lbs. of dry stalk, 
removes from the soil in lbs. per acre : — 



— 

Sul- 

phuric 

acid 

Ph03 

phoric 

acid 

Lime 

Mag- 

nesia 

Potash 

Soda 

Sum of 
asli in- 
gretlieuts 

Nitro- 

gen 

Leaves . 

14 ^ 

7k 

73 

17 

71 

5 

206 

49 

Stalks . 

3 

15“ 

15 

2 

47 

10 

' 95. 1 

33 

Total . 

17 

22i 

88 

19 

118 

lo 301^ 

82 


As the stalks are returned to the laud, tobacco is not a very exhausting crop, but 
since the period of growth is very short (three months in the middle of sixmmer) it 
requires to be abundantly manured. Farmyard manure, guano, fish manure, and 
gypsum, with potassium salts (avoiding the chloride) under special circumstances, are 
said to yield good results. As the soil is for the greater part of the year unoccupied 
by the crop, a serious loss of nitrogen may take place by the washing out of nitrates. 
To avoid this it has been recommended that rye should be sown as soon as the 
tobacco is oif, and ploughed in as a green crop when cultivation for tobacco com- 
mences. 

Five sorts of tobacco analysed by E. S. Breidenbaugh (Amer. Chem, iii. 306) 
yielded the following results : 
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1 

2 

3 

4 

5 

SiO^ 

. 0*13 

0*13 

0-08 

0*12 

0-13 

Cl 

. 0-55 

0-05 

1*70 

0-88 

1-05 

S03 

. 077 

0*42 

1*14 

0-95 

0-53 

. 

. 0*30 

0*34 

0-40 

0-34 

0-42 

CaO 

. 4*12 

1*34 

2*46 

5-34 

4 78 

HgO . 

. 0*83 

0*43 

0*80 

0*81 

1-51 

K-^0 . 

. 2*48 

3-12 

4-36 

2*95 

3*41 

Na^O . 

. 1*15 

0*12 

0-23 

0-24 

0-14 

Insoluble residue 

. 2*23 

3*12 

1-36 

1*18 

1-86 

H^O . 

. 38-00 

59-51 

33-76 

36*90 

27*23 

N . 

. 1-28 

0*39 

M7 

0*98 

0*74 

Organic Matter 

. 48*16 

31*03 

52-54 

49*31 

58-20 


100 

100 

100 

100 

100 


In several varieties of tobacco consumed in Sweden, and analysed in the laboratory 
of Asarun, the amount of ash was found to vary from 9 to 17 per cent., and that of 
the constituents soluble in warm water, from 50 to 64 per cent. {Dingl, ^ol. J. ccxxv. 
615). 

The ash of Havannah cigars has been analysed by A. Percy Smith {Chem. News, 
xsviii. 261, 324) with the following result : 


Potassium Sulphate 

. 7*401 

„ Carbonate 

. 9-012 

Sodium Sulphate 

. 5*764 

„ Chloride 

. 3-272 

„ Carbonate 

Calcium Sulphate 

. 1-030 

. 4*180 

„ Carbonate 

. 45*400 

Ferric Oxide and Phosphoric acid 

. 0*460 

Calcium and Magnesium Phosphates . 

. 9*210 

Silica 

. 9-641 

Charcoal 

. 3*162 

Aluminium, Lithium Carbonate, and loss 

. 1-459 


100*000 


According to E. R. Durrwell {Bull. Soe. CUm. [2], sxiv. 450), the whiteness of 
the ash of good tobacco is due to the presence of large quantities of potassium and 
sodium salts, which swell up as the tobacco burns, and tear the fibres, thereby in- 
ducing complete combustion. 

Broforiion of Nicotine in Tohacen. — L. Ricciardi (Rer. xi. 1385) has determined 
the amount of nicotine in 20 sorts of tobacco raised in the Romagna and in Modena 
under various conditions of growth and with different manures. The smallest pro- 
portion (1-62 per cent.) was foimd in a Havannah variety ; the largest (5-99 per cent.) 
in a Virginian variety. 

SmoJce of Tohacco . — Gr. Krause {Dingl. jpol. J. ccxiii. 495) has examined tobacco- 
smoke for the oxides of Carbon. He found in the smoke of several kinds of cigars, 
obtained by suction either with an aspirator or by the mouth, 9-4 to 16 vol. per 
cent. 00“, and 87 to 13*8 per cent. CO. The smoke of a loosely stopped pipe con- 
tained 147 per cent. CO-, and 5-2 per cent. CO ; that of a closely stopped pipe con- 
tained 9-2 per cent. CO-, and 9*2 per cent. CO. H. Schwarz {ihid. eexxvi. 306) found 
in the smoke of a Virginian cigar, 12 to 12-8 per cent. GO-, and 4*0 to 476 
CO. 

On the alleged presence of nicotine in tobacco-smoke, see Nicotine (p. 1391 ). 

TOXiAX.X^'SrX. SraPHIUE, (v. 850; vi. 1099). This compound, 

produced by the dry distillation of benzyl monosulphide or bisulphide, was said by 
Miireker and by Dorn to melt at 143°- 145°, by Fleischer at 166°; Forst, however, 
finds that after repeated crystallisation from alcohol it melts at 172^-173°. Verv 
small quantities of stilbene lower the melting point considerably. Tolallyl sulphide 
is less soluble in hot water than stilbene, but dissolves somewhat more readily in 
ligroin, stiU more in ether and in chloroform, and crystallises from these solvents in 
loose, white, highly lustrous laminae, resembling hydrobenzoin. It sublimes without 
decomposition, and boils at 350°~360° (thermometer-bulb in the vapour). It does 
notapB^ear to unite with picric acid. When boiled with chromic acid mixture it 
blackens, and yields carbonic and benzoic acids. The compound C^^H^^S, which 



TOLAE-E—TOLUEFE. 1983 

Barbier obtained by heating benzyl sulphide, was probably nothing but impure 
toiallyl sulphide (Forst, Liebig's Anmlen, clxxviii. 370). 

TOXiAlffE, This hydrocarbon, which Limprieh a. Schwanert obtained 

by heating toluylene bromide with alcoholic potash (vi. 1099), is also produced by the 
action of alcoholic potash on hydrobenzom chloride. As thus obtained, it forms 
characteristic large transparent highly lustrous crystals melting at 60®. It is pro- 
duced also, in like manner, though somewhat impure, from the chloride of isohydro- 
benzoi'n. 

Tolane- vapour passed through a red-hot tube yields chiefly high-boiling products 
and much charcoal; no phenanthrene (G-rabe, Liebig's AnnaXen, elsxiv. 198). Tolane, 
heated to dull redness (540®-5o0°) in a closed and vacuous tube, yields a small quantity 
of benzene, together with highly carbonised products (Barbier, Chim. Phys, 

[5], vii. 615). Heated with hydriodic acid and red phosphorus at 170°-180°, it 
yields stilbene, and on ‘further action dibenzyl (Barbier, Com;pt. rend. Ixxviii. 
1772). 

TO^IBIN'E, See Toltl-diazins. 

TOX.BTXiEIsrE CHXiORXXIE syn. with BICHX.OROXirx.EXO'E. See 

Xylene-compounds. 

TOBIT BAXiSiLM. According to Baillon {Pharm. J. Trans. [3], iv. 385) Tolu 
balsam and Peru balsam are derived from the same tree, Toluifem balsamum, Linn., 
and the differences between the two products are due merely to differences in the 
mode of obtaining them. 

TOXiTTiLZiBEH'SrBXI^ES. The name Mdehydine is given by Ladenburg {Per. 
xi. 590, 1656) to a class of compounds formed by the union of 1 mol. of an ortho- 
diamine with 2 mol. aldehyde, the combination being attended with elimination of 
1 mol. water. Meta- and para-diamines do not form stable compounds with aldehydes. 
See Toluenes (Diamido-). 

TOXiXTEM'E, C’H® = C®H®(CH=^). This hydrocarbon is formed, together with 
benzene and some of its higher homologues, by passing the vapours of petroleum and 
lignite tar through a red-hot tube filled with lumps of charcoal (Letny, Per. xi. 1210) ; 
also by heating petroleum with aluminium chloride, in presence of oxide of zinc, iron, 
or lead, and air (Friedel a. Crafts, Jahresh.f. Chcm. 1878, 1166). 

Peactions. 1. With Oxygen. — Toluene mixed with aluminium chloride absorbs 
oxygen, and on decomposing the mixture with water, an oily liquid is separated, from 
which ether extracts a ere sol boiling at 200® (Friedel a. Crafts, Cornet, rend. Ixxxvi. 
884). . , 

2. With Promine. — Toluene, subjected to exhaustive bromination with bromine 
containing iodine, yields perbromobenzene and perbromomethane (p. 1067). 

3. With Hydriodic acid. — Berthelot found that toluene heated in a sealed tube to 

270®-280° is converted into the saturated hydrocarbon heptane, (vi. 711). 

According to Wreden, on the other hand {Per. viii. 769), the product thus obtained is 
not heptane, but an unsaturated hydrocarbon, C^H^‘. In subsequent communications, 
both Berthelot {Ptdl. Soc. Chim. [2], xxvi. 146) and Wreden {Per. x. 712, 2241 ; 
Liebig's Anmle^i, clxxxvii. 153) adhere to their former statements, Wreden designating 
his hydrocarbon, as hexhydrotoluene, and describing it as a colourless 

mobile liquid having a sp. gr. of 0*772 at 0°, and 0-758 at 20®, a vapour-density of 
3*36 (calc. 3*38), and boiling between 94® and 100®. It is not attacked by a mixture 
of nitric and sulphuric acids at ordinary temperatures, but on heating it is oxidised 
to carbon dioxide and water. 

4. By the action of iodme chloride, toluene is converted into y>-iodotoluene, an 
oily liquid boiling at 206®, 

5. Toluene mixed with onolybdeimm fcntachloride, and subjected to the action of 
chlorine gas at the heat of the water-bath, is converted in the first instance into 
parachlorotoluene (b. p. 158°-161®), mixed with only very small quantities of the 
o~ and ^-modifications, and by continued action of the chlorine into di- and tri- 
chlorotolueues (Aronheim a. Dietrich, Per. viii, 1401). 

5. Chromyl chloride, CrO'-^Cl-, converts toluene into benzaldehyde and benzyl 
chloride (Etard, Compt. rend. Ixxxiv. 127). 

7. With antimony trichloride at high temperatures toluene yields nothing but tarry 
products. 

8. By stdphimc hydroxychloride, SO-(OH)Cl, toluene is converted mainly into 
paratoluenesulphonie acid, together with small quantities of paratohieiiesulpho- 
chloride and sulphotoluide. When toluene and sulphuric hydroxychloride are%iixed 



TOLUENE. 


1984 


together with phosphoric anhydride, the chief product obtained is paratoluenesulpho- 
chloride, together with a small quantity of sulphotoluide (Beckurts a. Otto, JBer. si. 
2062). 

9. Action of Heat on a Mixture of Toltiene and B&nzene. — ^When the mixed vapours 
of these bodies are passed through a red-hot tube, the following hydrocarbons 
are formed: Benzene, naphthalene, diphenyl, paratolylphenyl, orthoparaditqlyl, 
7 -methylene-diphenylene, 5-methylene-diphenylene, phenanthrene, anthracene, para- 
diphenylbenzene, a hydrocarbon having the formula a liquid hydrocarbon 

boiling at 293°-3l6'", and melting at 13°, two other liquid hydrocarbons or mixtures 
of hydrocarbons boiling at 359°-383° and 404°-427° respectively, and a solid black 
bitumene. 

The more important changes occurring during this reaction may be represented as 
follows : 

2C®H« = + C«H^C«Hn<iif'^enyl). 

= H2 -h (tolylphenyl). 

2(C«H5CH3) * (ditolyl). 

CeH\ 

I = H- + I \CH“ (methylene-diphenylene), 

I = 23^ +1 II (phenanthrene). 

G«mCH 

jcSicffl “ (anthracene). 


3C®H® = 2H- + (diphenyl-benzene). 

The 7 - and 5-methyl ene-diphenylenes above mentioned are isomeric, not identical, 
with the methylene-diphenylenes (diphenylene-methanes),* which are obtained by 
passing diphenylmethane through a red-hot tube, and by reducing diphenylene ketone 
with zinc-dust or with hydriodic acid and red phosphorus (p. 670); also with 
Berthelot’s coal-tar fluorene (p. 671). The distinguishing characters of the four 
modifications of methylene-diphenylene are exhibited in the table on p. 1985. 

1 0. Action of Zinc on a Mixture of Toluene and Benzyl chloride. -B enzyl-toluenes 
(Weber a. Zincke, Ben\ vii. 1153). The products obtained by heating a mixture of 
toluene and benzyl chloride with zinc-dust consist chiefly of mono- and di-benzyl- 
toluene, and together with smaller quantities of anthracene and various 

volatile hydrocarbons, most probably formed by decomposition of the benzyl chloride. 

Monohenzyl^toluene, or Benzyltolyl, C^H^.CH^.O^HhCH^, passes over as a 
colourless oil boiling at 277° (vii. 283). "TOen subjected to incomplete oxidation 
with chromic acid mixture, it yields a solid and a liquid phenyl-tolyl ketone, 
G®H®.CO.C®H‘^.CH®, the former convertible by further oxidation into para benzoyl- 
benzoic acid, C®H^CO.C®H'‘.COOH, in which CO.C^H® : COOH=:l : 4, the latter 
into a mixture of meta- and ortho-benzoyl-benzoic acids. The crude benzyl- 
toluene is therefore a mixture of three isomeric compounds, in which the radicles 
(benzyl) and CB.® stand to one another in the relative positions 1 : 4, 1 : 3, 

and 1 : 2. 

The three benzyl-toluenes have not been directly separated one from the other, 
but the yjum- modification is obtained by distilling solid tolyl-phenyl-ketone with zinc 
dust. It boils at 279°-280° (corr. 285°-286°), remains fluid in a mixture of ice and 
salt, and is oxidised by chromic acid mixture to parabenzoylbenzoic acid. When 
passed in the state of vapour through a tube filled with pumice and heated to low 
redness, it remains tmaltered, whereas the mixture of the three benzyl-toluenes yields 
thereby a large quantity of anthracene (Behr a.- van Dorp, Ber. vii. 18). The same 
hydrocarbon is abundantly formed when crude benzyl-toluene is heated with lead 
oxide, its production in both eases being probably due to the ortho-benzyltoluene con- 
tained in the mixture (Behr a. van Dorp, ihid. vi. 753). According to Barbier 
{Jahresb. f. Qhem. 1873, 359), benzyl-toluene is decomposed by the action of heat 
alone into anthracene, toluene, and free hydrogen : 

2GHH14 = -h 2C^Hs + H-. 

The anthracene thus produced forms brown laminae with Fritzsehe’s reagent, whence 
it appears to contain phenanthrene {q. y.) 


* compoimds here called methylene-diphenylenes have hitherto been known as diphenyl ene- 
methswies (p. 670) ; but this name belongs more properly to the compound which ha^ 

not yet been obtained, > 
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only sparingly soluble in hot alcohol. but moderately soluble in glacial 

acetic acid. 
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The dmitrohensyhioluene (m. p. 137°) which Zincke a. Milne obtained hj treating 
crude benzyl-toluene with strong nitric acid (vii. 183), appears from experiments by 
Plaseuda a. Zineke {Dmit, QJiem. Ges. Ber. vii. 982) to be derived from parabenzyl- 
toluene. Another dinitrobenzyl-toluene is formed at the same time, probably derived 
from ortho-benzyl-toluene ; it crystallises in small concentrically-grouped needles, and 
melts at 100®. 

Bihenzyl-toluenes, — CH^C®H®(CHIC®H^)^. — The crude product re- 

maining after the monobenzyl-toluene has been distilled off is a thick brownish oil, 
which b^egins to boil at 320°, and may be completely distilled between 450° and 500°, 
leaving only a small quantity of tarry residue. 

The portion distilling between 320° and 380° may be separated by a series of 
fractional distillations into anthracene and a liquid product consisting chiefly of 
monobenzyl-toluene. 

The portion distilling between 380° and 420° yields by further fractionation a 
large quantity of an oily, slightly aromatic, fluorescent liquid, having the composition 
of dibe.nzyl-toluene. This hydrocarbon boils at 392°-396° under ordinary 
pressure, at about 280°-285° under a pressure of 30-40 mm., and has a specific 
gravity of 1*049. It dissolves easily in alcohol, ether, chloroform, and benzene, does 
not combine with picric acid, and is converted by nitric acid into resinous nitro- 
products not admitting of purification. When passed in the state of vapour through a 
red-hot tube, it splits up into hydrogen, toluene, anthracene, and an isomeride of the 
latter. By oxidation it yields two isomeric dibenzoylbenzoicacids, 

(p. 309), and a third infusible acid having the composition or probably 

— GO— C®H®(COOH)-. This acid may be formed from one of the dibenzoyl- 
benzoic acids by abstraction of C®H^, or it may be derived from a distinct modification 
of the hydrocarbon Prom this it may be inferred that the dibenzyl-toluene 

obtained as above is a mixture of two, if not of three, isomeric hydrocarbons. 

The oxidation of dihenzyl-toluene likewise yields a considerable quantity of 
ketones, and by further decomposition, carbonic, acetic, and benzoic acids. The 
attempt to separate these ketones was not successful, but yielded a viscid honey-yellow 
mass having the composition easily soluble in alcohol and ether, distilling 

unaltered at 300°-305° under a pressure of 30-40 mm., but decomposing when re- 
peatedly distilled under ordinaiy pressure, and yielding thereby — together with small 
quantities of water, toluene, benzaldehyde and anthraquinone— a large quantity of 
anthracene, and an isomeric hydrocarbon differing from phenanthrene, and idtmtical 
with the one already mentioned, as resulting from the decomposition of benzyl- 
toluene by heat (see Anthracene, p. 95). 

The portion of the crude product of the action of benzyl chloride on toluene in 
presence of zinc which boils above 420°, yields by further fractionation anthracene and 
toluene, the formation of which, as well as of the anthracene occurring in the lower- 
boiling portions, is attributed by Weber a. Zincke to the splitting-up of hydrocarbons 
having the composition nGm% which may be supposed to be formed from «C'H^C1 by 
elimination of ?zHCl. More highly benzylated toluenes are doubtless also present. 

11. A mixture of toluene and henzoyl chloride, C^ff.CO.Ol, is decomposed by zinc 
with evolution of hydrogen chlorides, but the greater part of the benzoyl chloride is 
decomposed in the same manner as it would be if heated alone (Zincke, Ber. vii. 137). 

12. Action of Phosphortis Pentoxide on a mixture of Toluene and Fluorenic Alcohol. 
When (12 g.) is heated for four or five hours in a sealed tube at 140°-150° 
with a saturated solution of fluorenic alcohol (10 g.) in toluene, the product washed 
mth water, the excess of toluene expelled by a gentle heat, the residual liquid dis- 
t^led, and the solidified distillate recrystallised, from boiling glacial acetic acid, 
diphenylene-tolyl-methane, (C^H-*)^— CH.C®H‘*.CH3, is obtained in long, 
slender, silky, lustrous needles melting at 128°, slightly soluble in alcohol and ether, 
freely in benzene and in hot water ; it does not combine with picric acid (Hemilian, 
Ber. xi. 202). 


Substitution-derivatives of Toluene. 

The substitution of chlorine, bromine, nitryl, &c. for an equivalent quantity of 
hydrogen in toluene may take place either in the C^H^-group or in the CH^-group (v 
852). The derivatives of the former class have hitherto been designated as chloro-* 
bromo-, nitro-toluenes, &c., those of the latter as chlorides, bromides, &c. of benzyl’ 
benzylene, or benzenyl, e.g. C^Hs.CH^Cl, benzyl chloride; C«H^CHCP, benzylene 
dichloride; CsH^CCP, benzenyl trichloride. Another mode of distinction has been 
propbsed by Beilstein a. Kuhlberg, consisting in placing before the name of the com- 
pound the number of the hydrogen-atoms displaced by chlorine, &c either in the 
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C®H®-group, or in the CH^-gronp, or in both. Thns the three known dichlorotoluenes 
may be named as follows : 

C^H^CP.CH^ C^H^Cl.CH^Cl C^H^CH^CP 

(2—0) dichloro- (1—1) dichloro- (0—2) dicliloro- 

toluene. toluene. toluene. 

In speaking of those of the first class, however, in which the substitution takes 
place wholly in the C^^H^-group, the numerical prefix may in most cases be dispensed 
with, the compounds in question being designated simply as chloro-, bromo-toluenes, &c. 
The three ehlorotoluenes may also be designated systematically as follows : 

C^H^OP.CH" G“H-'C1.CH“U1 C«H».CHC1- 

3iletliyl-dicliloro- CUlorometliyl- Dichlorometbyl- 

Oenzene. chlorobenzene. benzene. 


Eeomotoluenes. 

(1 - 0) Monohromotoluenes, C®H-^Br.CH*. Eomer {Gazz. chim, 
prepares orthohromoioluene from orthotoluidine (b. p. 199'5®-196‘6'^) by converting 
the nitrite of this base into the diazoperbromide, and decomposing the latter with 
alcohol. The product, freed from the greater part of the alcohol by slow distillation, 
is washed with potash-solution, distilled with steam, dried, and fractionated. It 
boils at 182°, and smells like orthodibromobenzene.^ By oxidation with dilute nitric 
acid (instead of chromic acid) it is easily converted into o-bromobenzoie acid (Zincke, 
Ber. vii. 14-3). MetahromotolitcMe was prepared from yj-nitrotoluene, by successive 
conversion into jo-toluidide, acetotoluide, bromacetotoluide, bromotoluidine, 
[CH^ : Br : 1 : 3 : 4], the nitrate of this base, the diazoperbromide, and finally 

into [1:3] bromotoluene. '’This compound, after drying with phosphoric anhydride, 
boils at 184°-184T° [bar. 754-1 mm.] Another preparation boiled at 184'3° [bar. 
758-74]. Its odour is undistinguishable from that of metadibromobenzene. By 
oxidation it is converted into metabromoben.zoic acid, melting at 154°. Barahromo- 
tolueoie is formed, together with the other two modifications and benzyl bromide, by 
direct bromination of toluene ; also from y-toluidine by substitution of bromine for 
After drying with phosphoric anhydride, it melts at 282°, resolidifies at 25‘4°, 
and boils at 184*6° (bar. 760-74); smells very much like y-dibromobenzene (Korner). 

(2 — 0) Dibromotoluenes, O^H^Br-.CH^ The six possible dibromo toluenes are 
obtained either by direct bromination of the monobromotoluenes, or by converting 
the monobromotolui dines into diazoperbromides, and decomposing these compounds 
by boiling with alcohol. Their formation by this latter process throws considerable 
light on the influence of the amido-group, NH-, in determining the position taken up 
by bromine (or other halogen) when it enters into a compound already containing 
the amido-group ; and with this view they have lately been especially studied by 
Nevile a..Winther {Chem. Soc. J. 1880, xxxvii. 429-453). With regard *to .this in- 
fluence, Korner, in his classical research, ‘On the Isomerism of the Aromatic Compounds 
containing six atoms of Carbon’ {Gazz. chim, ital, 1874, 305 ; see also p. 161 of this 
volume), laid down the rule that when a halogen-element, or the nitro-group NO-, 
is introduced into aniline, it takes up the para-position with respect to the NH-- 
group; and Nevile a. Winther, in the paper just referred to, have shown that this 
rule is of more general application, and that when bromine, or other halogen-element, 
or the nitro-group, is directly introduced into toluidine, as w'ell as into aniline, it takes 
up the para-position with regard to the amido-group — or if this position is already 
occupied by any other groups or radicles, that the halogen then takes up one of the 
two ortho-positions, but that it cannot under any circumstances be made to take up 
a position meta to the amido-group. Wroblewsky, who prepared five out of the six 
dibromotoluenes from the corresponding monobroraotoluidines by the diazoperbromide 
reaction (vii. 1165), obtained results which were in some cases inconsistent with 
Korner’s rule, hut the experiments of Nevile a. Winther tend, as above said, to show 
that the rule holds good in every case. The following are the results of these experi- 
ments : 

(1 and 2). Ortho-meta' dibroQnotoluenes^ CH^ ; Br : Br=l : 2 ; 3 and 
1:2:5. The latter of these modifications is obtained from orthobromo-metatoluidine, 
and from metabromo-orthotoluidine by the diazo-reaction as follows': Acetorthotoluide, 
treated with 1 mol. bromine, gives a monobromacetoluide, and this by decomposition 
with potash gives a monobromotoluidine, which, after separation from small quantities 
of dibromotoluidine formed at the same time, by solution in dilute hydrochloric ?cid, 
precipitation with sodium carbonate, and distillation with steam, melts at 55°-56° 

6 M 2 
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(Wroble^sky gives 58°), The diazo-perhromide of this monohromotoluidiiie decom- 
posed by warming it with glacial acetic acid yields the dibromotohiene. The acetyl 
derivative of meta-tolnidine, subjected to the same series of reactions, yields a dibromo- 
toluene which was regarded by Wroblewsky as different from that obtained from 
orthotolnidine. Kevile a. Winther, on the other hand, find that the two products thus 
obtained are identical; they are both fluid at ordinary temperatures, and^ do not 
solidify in a mixture of ice and salt ; their nitro-derivatives, obtained by treating them 
with fuming nitric acid, melt at nearly the same temperature (87*6°-88*6°), and the 
corresponding amido-compounds at 84®-85-l°. 

This dibromotolnene being obtained either from w-brom-o-toluidine or from o-brom- 
?;^-toluidine, must be an ortho-meta-derivative, viz. either 1:2:5 or 1 : 2 : 3 j and 
hence also it may be inferred that when bromine is introduced into orthotolnidine, it 
takes the meta-position relatively to GH^, and that when introduced into meta- 
toluidine it takes the ortho-position. The mode of formation does not afford the 
means of deciding by which of the two formulae the constitution of the dibromotolnene 
is represented, in other words whether the two bromine-atoms are ortho- or para- to 
each other ; but an o-m-dibromotoluene different from it may be obtained by the 
following process : — 

By adding an aqueous solution of bromine (rather more than 1 mol.) to '?w-nitro- 
o-toiuidine suspended in water, a bromonitro-ortho-toluidine, C®H“(NH^)Br(N02), is 
obtained, winch, when purified by recrystallisation from alcohol, melts at 180*3°- 
181*3° (corr.) To determine the constitution of this bromonitrotoluidine, Nevile a. 
Wiuther further prepared the isomeric compound (m. p. 139°) which Wroblewsky 
obtained by nitrating ^?^-brom-o-acetoluide, and taking out the acetyl-^oup ; they 
also prepared bromonitroparatoluidine in two ways, viz., (a) by first nitrating and 
then brominating, and (0) by first brominating and then nitrating. The four pro- 
ducts thus obtained were treated with nitrous gas and alcohol to remove the amido- 
group, and the resulting bromonitro toluene was reduced with tin and hydrochloric 
acid. The bromotoluidine thus produced was also converted into an aceto-compouud 
by boiling with glacial acetic acid for seven or eight hours. 

The results are given in the following table : — 


Nitrobromotolnidine . 

From o-toluidine 
by first nitrating 
and tiien 
brominating 

From o-toluidine 
by first brom- 
inating and 
then nitrating 

Fromp-toluidine 
by first nitrating 
and then 
brominating 

Fromp'toluidine 
by first brom- 
inating and 
then nitrating 

m. p. 

180*3°-181*3° 

m. p. 
143*0° 

m. p. 

64°-65° 

m. p. 

unpnrified, 

63° 

Ni trobromotoluen e 

81*4°-S1*8° 

CO 

A 

0 

1 

oo 

CO 

o 

81*4°-81-8° 

81°-8i*5° 

Bromotoluidine . 

! 35*6°-36° 

34.50.370 

36*6° 

36°-35-2° 

Aceto-componnd of the 
bromotoluidine . 

167°~168° 

167°~16S° 

167''~168° 

— 

0 

OO 


Hence it appears that the bromonitrotoluenes obtained by the four methods above 
described are identical. The bromotoluidines obtained from them differ slightly in 
melting point, but not sufficiently to indicate any difference in constitution between 
the several products. Now it has been shown above that bromine when introduced 
into orthotolnidine takes up the weif^-position relatively to the methyl-group, and it is 
known that the NO--gronp also takes up the m-positiou relatively to CH^ in both o- 
and _p-toluidiiie. Hence the bromonitrotoluene obtained as above must have the sym- 
metrical constitution 1:3:5, and it may also be seen that bromine when introduced 
into paratoluidine takes up the meta-position with regard to CH^. 

It follows therefore that of the first two bromonitrotoluidines, one must have the 
constitution CH® : NH^ : Br : NO“ = 1 : 2 : 3 : 6, and the other OH® : NH^ : NO^ : Br 
= 1 : 2 : 3 : 5. Further, on decomposing the diazoperbromide of ^?i-bromo-77z-nitro-o- 
toluidine by heating it with glacial acetic acid, a dihromonitrotolnene was obtained 
melting at 105*4° ; and on reducing this with iron and acetic acid, and distilling the 
sepa^ted base with steam, a dihromotoluidine was formed which melted at 86*4°, and 
when heated with nitrous gas and alcohol to remove the amido-group, yielded a 
dibromotoluene which after distillation with steam melted at 27*4°-27*8°, and was 
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converted by strong nitric acid into a nitro-compound melting at 51°-62°. The same 
dibromotoluene was obtained from the above-mentioned aceto-??e-bronio-w-tohiide 
melting at 167°~168°. This compound, treated with a molecular proportion of 
bromine in aqueous solution, heat being applied towards the end to complete the 
absorption, yielded a dibromacetoluide melting at 204°-205°. On heating this last 
body with a mixture of hydrogen sulphate and water in equal volumes, then diluting 
the liquid with water, and cooling, the srilphate of a dibromotoliiidine crystallised out, 
and this salt decomposed with sodium carbonate, yielded a dibromotoluidine melting, 
after recrystallisatioii from alcohol, at 83^-85°. Lastly, on decomposing this base 
with nitrous gas and alcohol, and distilling with steam, a dibromotoluene was 
obtained which melted at 27*4°~28°, and yielded a nitro-compound melting at 56*5°- 
57*5°, so that it may be regarded as identical with the dibromotoluene last described. 

To decide the question as to which of the two dibromo toluenes obtained as above 
has the composition 1:2:5, and which is 1:2:3, they were converted into 
dibromohenzoic acids by heating them with dilute nitric acid (1 vol. acid of sp. gr. 
r36 to tliree of water) for about three days. In this way the fluid dibromotoluene 
prepared from ortho- and from meta-toluidine was converted into a dibromohenzoic 
acid melting at 149°-153°, and yielding on distillation with lime paradibromobenzene 
melting at 85°-86° (m. p. of pure jp-dibromobenzene 89°). 

Hence this dibromotoluene has its two bromine-atoms in the para-position with 
regard to each other, and is therefore the 1:2: 5 modification, C®.CH^.Br.H.H.Br.H, 
and consequently the other o-we-modification melting at 27*4°--27‘8°, prepared from 
m-nitro-o-toluidine, has the constitution 1:2:3 or C®.CH.Br.Br.H^. 

(3) . Symmetrical or m~m.-I)ihromo toluene, CH^ .* Br : Br = l : 3 : 5. 
Wroblewsky obtained this modification only from dibromorthotoluidine ; Nevile a. 
Winther have obtained it also from dibromoparatoluidine. Orthotoluidine in alcoholic, 
or in acid aqueous solution treated with a slight excess of bromine, yields (after pre- 
cipitation with water in the former case, and after distillation with steam) a white 
crystalline dibromotoluidine melting at 43°~45°, while paratoluidine similarly treated 
yields a dibromo-derivative melting at 73°. When these dibromotoluidines were 
treated with an alcoholic solution of nitrous acid, the first gave after distillation with 
steam a dibromotoluene melting at 39° ; the second a product W’hich generally melted 
a little higher, but was easily separated by recrystallisation into two substances, one 
of which melted at 39°, and was to all appearance identical with the dibromotoluene 
just described, while the other, obtained only in very small quantity, appeared to be 
a bye-product of the action of the nitrous gas, perhaps an amidazo-compound. The 
dibromotoluene melting at 39° gave on treatment with fuming nitric acid, a nitro- 
compound which at first melted at 120°-125°, but separated on repeated crystallisation 
into two dibromodinitrotoluenes, one melting at 157'6°~158*3°, the other at 105° ; and 
the same dibromotoluene when oxidised with a mixture of chromic and acetic acids was 
converted into symmetrical dibromohenzoic acid,'[CO-H : Br : Br=l : 3 : 5],moltiDg 
between 207° and 210° (p. 261) : hence this dibromotoluene must also be symmetric- 
ally constituted, that is, must be represented by the formula C®.CH^.H.Br.H.Br.H. 

(4) . Meta-^ara^dihromotoluene [1:3:4] is prepared by the diazo-per- 
bromide reaction from monobromoparatoluidine. It is liquid at ordinary temperatures, 
as observed by Wroblewsky, gives a crystalline nitro-derivative melting at 86 ‘6°--8 7*5°, 
and convertible by reduction with iron and acetic acid into an amido-derivative melt- 
ing at 96'8°-98°. By oxidation with chromic and acetic acid, this dibromotoluene is 
converted into a dibromohenzoic acid melting at 232°-233°, agreeing therefore very 
nearly with the [1:3: 4] dibromohenzoic acid described byBurghardt, which melted 
at 227°~230° (p. 361) : hence the constitution of the dibromotoluene is established. 

(5 and 6). Ortho-para- and ' Ortho-ortho-dihromotoluenes, 1:2:4 and 
1:2: 6. — When the aceto-compound of metatoluidine is treated with 2 mol. bromine, 
the first molecule is readily absorbed, forming a monobromaceto-compound, but the 
second is absorbed much more slowly, giving at last a dibromaceto-compound which, 
on the removal of the acetyl-group with alcoholic potash, gives a mixture of two 
dibromotoluidines, together with a small quantity of tribromotoluidine. The di- and 
tribromo-compounds may be separated from monobromotoluidine formed at the same 
time by distillation from dilute acid, which retains the latter, and then extracted with 
hot strong hydrochloric acid, the liquid on cooling depositing crystals consisting of a 
mixture of di- and tribromotoluidine. The portion which had remained undissolved 
in the hydrochloric acid was repeatedly distilled with steam., the last portions being 
rejected, and the distillate thus purified was recrystallised from alcohol, whereby a 
portion (the largest by far) was obtained, melting at 74:*6°-75’3°. This appears^ to 
consist. of a single dibromotoluidine, and the mother-liquors contained another di- 
hromotoluidine melting at a lower temperature, viz. 33°-S5°. Now, according to the 
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theory already explained respecting the orientation of Br with respect to the NH“- 
gruup, metatolnidine should yield two different dibromo-derivatives, viz. : 

CH3Rr.Nii2Br and CH^.JBr.NH^.Br 
1236 1254 

and these, on removal of the amido-gronp, should yield the two dibromotoluenes 
1:2:6 and 1:2:4. The dibromotolnene obtained from the first (m. p. 74-6°- 
7 0*3°) is an oil which remains liquid at —20°, and gives on nitration at ordinary 
temperatures a mixture of nitro-compounds separable by crystallisation from alcohol 
into a mononitrodibromotoluene which crystallises in white needles melting at 80°- 
80*6°, and a mixture of di- and trinitrodibromotoluenes melting at 128°-129°. The 
same dibromotolnene, treated with dilute nitric acid, yields a dibromobenzoic acid 
melting at 167°- 169°. The dibromotolnene obtained from the dibromotoluidine melt- 
ing at 33°-35° is also an oil which does not solidify at —20°, and gives on nitration a 
mixture separable by recrystallisation from alcohol into a compound melting at 159°- 
161°, and only moderately soluble in alcohol, from which it crystallises in long slender 
needles ; also another in small quantity, melting below 80°. This dibromotolnene, 
heated with nitric acid, yielded a dibromobenzoic acid melting at 150°-167°. 

The behaviour of these two dibromotoluenes with fuming nitric acid shows that 
they are different from any of the four above described, and therefore that their con- 
stitutions must be 1 : 2 : 4 and 1:2:6 respectively. To decide which of the two 
must be represented by the former and which by the latter, they were prepared in 
other ways. 

To obtain the 1 : 2 : 4 modification, ordinary dinitrotoluene (m. p. 70°), which is 
known to have this constitution, was converted by reduction with alcoholic ammonium 
sulphide into orthonitroparatoluidine (m. p. 77°-78°) ; this by the diazoperbromide 
reaction into (?-nitro-^-bromotoluene (large monoclinic tables melting at 44*4°-45*2°), 
which on reduction gave ^-brom-o-tolnidine, C®.CH^.NH-.H.Br.H.H, and this base 
W’as converted by the cliazoperbromide reaction into 1:2: 4 dibromotolnene, which was 
thus obtained is an oil nottssolidifying at —20°, convertible by fuming nitric acid into 
a mononitro-derivative melting at 80*o°-81*3° and by oxidation with dilute nitric 
acid into a dibromobenzoic acid melting at 168°-170°._ These results show that the 
dibromotolnene obtained from the dibromometatoluidine which melts at 78°-84° 
{supra) has also the constitution 1:2:4. Hence it follows that the dibromo- 
toluene prepared fcom the dibromotoluidine melting at 33°-35° must have the con- 
stitution 1:2:6; and this conclusion has been confirmed by a special mode of 
preparing this last modification for which reference must be made to Hevile a. 
Winther’s paper (p. 444). 

(1 — 1). Dihromotoluene, ot Bromomethyl-bromohensene, C®H‘‘Br.CH^Br, 
syn. with Bromobenzyl Bromide (see p. 314). 

(3-0). Tribromotoluenes, C^H^BrlCH^ (Nevile a. Winther, Chem. 8oc. J. 
xxxvii. 446). (1). C^.CH^.Br.Br.H.Br.H, prepared from the diazoperbromide of di- 
bromorthotoluidine, crystallises in long flat colourless needles melting at 62°-53°. 
By dissolution in nitric acid of sp. gr. 1*52, and precipitation with wuter, it is con- 
verted into a nitro-derivative which, after" crystallisation from alcohol, melts at 
95°-170°. 

(2) . C®.CH®.H.Br.Br.Br.H, prepared from the diazoperbromide of dibromopara- 
toluidine, melts at 88°-89°. 

(3) . C®.CH®.H.Br.Br,F.Br is prepared from the diazoperbromide of the dibromo- 
metatoluidine melting at 74°-75'5°, which has already been shown to have the 
constitution C^.OH^.H.NH-.Br.H.Br {sztpra). It crystallises from alcohol in long 
colourless shining needles melting at 111*2°-112*8°. 

(4) . C®.CH^.Br.Br.Br.H.H was prepared by converting 7/^-b^omo-??^-nitrO'y^-toluidin0 
into the diazoperbromide ; this into «^-bromo-9?^-nitro-J?-b^omotoluene, 

C«,CH^H.Br.Br.N02.H 

(colourless laminae melting at 62°-63*6 °) ; reducing this latter with iron and acetic 
acid, whereby a dibromotoluidine was obtained, which crystallised from alcohol in long 
colourless needles or flat prisms melting at 58°-59° ; converting this amido-eompound 
into the corresponding aceto-deriyative (m. p. 162°-1 63°) by boiling it for twenty- 
four hours with the strongest glacial acetic acid ; suspending this aceto-comDound in 
water, and treating it with bromine, whereby a tribromacetoluide was obtained, crys- 
tallising from alcohol in white needles melting at 17l°-173°; decomposing this 
comgound with alcoholic potash ; and treating the resulting tribromctoluidine (m, p. 
96°-.96*8°) with nitrous acid and alcohol. In this manner a tribromotoluene was 
finally obtained, melting at 44'4°-44*7°. By treating it with nitric acid of sp. gr. 
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1‘52 and precipitating with water, a nitro-compound was formed, which, after frequent 
recrystallisation, melted at about 106°~107°. This result snicientlj distinguishes 
the tribromotoluene under consideration from the first-described modification (m. p. 
52°-53°), which gives a nitro-compound melting at 95°-170°. 

(f5). C®.CH®.Br.Br.H.H.Br. This modification was obtained by Wroblewsky from 
bromo-nitro-orthotoluidine melting at 143° — ^which has already been shown to have 
the constitution C®.CH^.NH^.NO‘.H.Br.H (p.^ 1988) — by converting it, through the 
diazoperbromide reaction, into a dibromonitrotoluene melting at 69*5°-70-2° ; and 
proceeding, as in the last case, by the successive employment of tin and hydrochloric 
acid, glacial acetic acid, bromine, and boiling alcoholic potash, whereby ultimately a 
tribromotoluidiue is obtained which melts at 93°-94°, and, when treated with nitrous 
gas and alcohol, yields a tribromotoluene crystallising in flat needles which melt at 
68°-59°. Now the mode of formation of this tribromotoluene shows that it must be 
represented by one of the two formulas : 

C«.OT.Br.H.Br.Br.H Ce.OHs.Br.H.H.Br.Br. 

But the former of these belongs to the modification (m. p. 111'2°) obtained from di- 
bromometatoluidine perbromide : hence the modification under consideration must be 
represented by the latter formula. This tribromotoluene is converted by nitric acid 
of sp. gr. 1*52 into a nitro-compound melting, after recrystallisation, at 91°-91*4°. 

(6). C®.CH®.Br.H.Br.H.Br. This modification was prepared in like manner from 
the tribromometatoluidine which melts at 100°~101*6°. Now this tribromotoluidine 
can be obtained by bromination of dibromometatoluidine, C‘^.CH®.Br.H.Br.NH‘.H 
(p. 1990), and must therefore be represented either by the formula 

C®.CH*.Br.Br.Br.NH".H or by G®.CH^.Br.H.Br.NH-.Br. It cannot, however, be 
represented by the first of these formul?e, since, when decomposed by alcohol and 
niti'ous gas, it gives a tribromotoluene which melts at 66°, whereas it has been already 
shown (p. 1990) that the tribromotoluene derived from this base melts at 44*4°. 
The dibromotoluidine in question must therefore he represented by the second 
of the above formulae, and the tribromotoluene derived from it by the formula 
C«.CH^,Br.H.Br.H.Br. 

(4 — 0). Tetrabromotoluenes, C^HBrbOH®. Of these there are three possible 
modifications ; 

(1) . C®.CH®.Br.Br.Br.H.Br is prepared from tetrabromomotatoluidine (which is 
obtained by the action of bromine- water on a solution of ?w-bromo-77i-toluidine, m. p. 
35°-37°, in hydrochloric acid, and crystallises in white needles melting at 223°-224°) 
by boiling with alcohol and nitrous gas ; also from tribromometatoluidine perbromide. 
The product obtained by the first process melts at 105°~108°, that by the second at 
106*8°-108°. By nitration with nitric acid of sp. gr. 1*52, it yields a nitro-compound 
melting at 215°-216°. 

(2) . C®.CH’’.Br.Br,B[.Br.Br is obtained by the diazoperbromide reaction from tri- 
hromometatoluidine, C®.CH^.Br.Br.H.NH^Br (m. p. 93*~94°) described above. It 
melts at 116°-117° and yields a nitro-compound melting, after recrystallisation 
from alcohol, at 213°. 

(3) . C®.CH^.H.Br.Br.Br.Br is obtained from tribromometatoluidine, 

C«.CH^H.NH“'.Br.Br.Br 

(m. p, 06°-96*8°), described on p* 1990. It melts at lll°~lir6°, and gives a nitro- 
compound melting at 212°. 

(5 — 0). Pentabromotoluene, C'*Br®.CH^, is obtained from the diazoperbromide 
of^ tetrabromotoluidine (m. p. 223°-224°), and purified by crystallisation from acetic 
acid or alcohol, neither of which dissolves it freely ; it crystallises in white needles 
melting at 283°— 285° (Nevile a. Winther). It is also produced by adding toluene to 
an excess of bromine mixed with aluminium bromide in a cooled vessel (Gustavson, 
Ber. X. 971). 

^ The table on p. 1992 exhibits a comparative view of the constitution and distin- 
guishing properties of the several bromotoluenes. 

Clilorotoluenes. (1—0). Monoehlorotoluenes, C®H'*C1.CH®. — The 
/>i7ra-modification, already described (v. 853), may be prepared from solid nitrotoluene 
by reducing that compound with tin and hydrochloric acid, drenching the hydro- 
chloride of the resulting amidotoluene with fuming hydrochloric acid, passing nitrous 
gas into the pasty mass till it assumes a yellow-brown colour and the crystals are 
completely dissolved, and boiling the liquid in a vessel provided with a condensing 
tube. Nitrogen is then given off, and the acid and aqueous vapours which distil over 
are accompanied by an oil containing the monochlorotoluene, together with (^eso1, 
nitrocresol, and nitrotoluene. To obtain the chlorotoluene pure, the entire product is 
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treated -with tin and hydrochloric acid, then distilled with water, shaken with soda- 
ley, and again distilled with water. The chlorotoluene thus obtained boils at 
and solidifies on cooling to about 0° to a colourless laminar mass which melts at 6*5° 
(Hiibner a. Majert, Ber. vi. 794). 

Paraehlorotoluene is also formed by passing chlorine into a mixture of anhydrous 
toluene and molybdenum pentaehloride heated on the water-bath. The action goes 
on regularly, and soon after 1 equiv. of chlorine has been taken up, the product is 
found to consist almost wholly of paraehlorotoluene boiling at 158°--161°, and having 
a density of T0735 at 27*2° (V 17*2°). Ortkochlorotolueno {h. 166°) oht&med by 

Griess’s reaction from chlorinated orthotoluidine has been already described (vi. 
281). Metachlm'otoluene, prepared in like manner from metachloroparatoluidine, 
C\CH®.H.C1.NH-.H.H, is a liquid which boils at 156°, and is converted by oxidation 
into metachlorobenzoic acid (Wroblewslry, Liebig's AoinaUn, elxviii. 199). 

(0 — 1) Chlorotoluene, Chlorometkylbenzene, or Benzyl Chloride, 
G®H®.0H-C1. — The preparation of this compound by the action of chlorine on heated 
toluene, and by that of hydrochloric acid on benzyl alcohol, has already been described ; 
also several of its reactions (see v. 854,- vii. 179; viii. 314). On the products 
obtained by heating it with finely divided zinc and hydrocarbons of the benzene 
series, see vii. 183; viii. 315. 

The action of benzyl chloride on nitrite of silver or potassium does not yield any 
aromatic nitro-compound, the product consisting of high-boiling non-nitrogenous bodies 
amongst which are found anthracene, benzoic acid, and benzaldehyde (H. Brunner, 
Ber. ix. 1744). 

(2 — 0) Biehlorotoluene, C^H^CP.CH®, is formed by the continued action of 
chlorine on toluene mixed with molybdic chloride. When purified by continued 
fractionation, it has a density of 1*2596 at 18*4°, and 1*2518 at 16°; boils at 196°- 
198°. The product thus obtained is, however, a mixture of two isonieric bodies, 
inasmuch as when oxidised by chromic acid mixture it yields two dichlorobenzoic 
acids (Aronheim a. Dietrich, Ber. viii. 1401). 

(0 — 2) JDichlorotoluene, Bichloromethylbenzene^oit Benzylene BiGhloride, C'’H^*.CHCP 
(see p. 320). 

Trichlorotoluenes, C’H^CP. See vi. 281-2. Aronheim a. Dietrich {Ber. viii. 
1401), by the action of chlorine on a mixture of toluene and molybdic chloride, have 
obtained, besides the solid (3 — 0) trichlorotoliiene melting at about 75° (vi. 282), a 
liquid modification boiling at 237°. According to R. Schultz, however {Liebig's 
Annalen, clxxxvii. 274), this liquid trichlorotoliiene is not a pure substance, but 
probably a mixture of tri- with di- and tetrachlorotoluenes, as, when treated with 
nitric acid, it yields a nitro-compound identical with that which is obtained from the 
solid modification, and on treating it with fuming sulphuric acid, the greater part of 
the solid modification separates out. 

(0—1) Cyanotoluene, or Benzyl Cyanide, C®H®.CH2(CN). This compound, 
treated with zinc and hydrochloric acid, is converted into amidobenzylmethane,* 
CH2(0^H’)NH^, a base metamerie with phenylethylamine or ethylaniline : 

C«H^CH2.CN -H 2H“^ = C«H5.CH2CH2.NH2. 

This base forms small laminae having a characteristic odour. It volatilises with steam, 
dissolves sparingly in water, easily in ether, and absorbs carbonic acid from the air. 
Its hydrochloride forms lancet-shaped crystals (Bernthsen, Ber. viii. 691). 

When benzyl cyanide dissolved in ammoniacal alcohol is treated with hydrogen 
sulyhide, two compounds are produced, one of which crystallises in needles an inch 
long, which turn brown at 160°, and melt at 197°-198°, while the other forms prisms 
melting at 97°, and resolved at a higher temperature into benzyl cyanide and hydrogen 
sulphide. This latter compound dissolves sparingly in water, freely in alcohol and 
ether. Its aqueous solution added to metallic salts quickly throws down metallic 
sulphides, and when treated with potash is resolved into potassium sulphide and 
benzyl cyanide. Benzyl cyanide heated with water at 250° is converted into a-tolu- 
amide or phenylacetamide, C®H^OH*.CO.NH^, melting at 154*5° (Bernthsen, 
loc. cit.) This amide is also formed by treating benzyl cyanide with ammonium 
acetate, according to the equation ; 

G^H^CH^.CN -I- G^ja^O.ONH^ = C^H^.CmGO.NH^ -h C^H^O.NH^ 

(Bernthsen, Ber. ix. 429) ; and, according to Weddige, by heating benzyl cyanide 
■with an alcoholic solution of potassium hydrosulphide (p. 314). 

* In Berntlisen’s paper this l)ase is called plienylethylamine ; but this name belongs pronprly to 
'Hofmann’s ethylaniline, C°H®,NH(0“H®), ’which is an imido-hase or secondary amine, whereas umido- 
benzyl-methane is an amido-base or piimary amine. 
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loaotolnene, C!»H*I.CH». The oitho-modifieation is very easily prepared 
from orthotoluidine by the action of nitrous gas and alcohol. It is li(iuid at ordinary 
temperatures, boils at 206*o° (at 211° if the entire mercury-colpin is in ttie japour), 
and is oxidised by nitric acid to orthiodobenzoic acid, melting at 156 
treatment with ethyl chlorocarbonate and sodium-amalgam (Wurtz’s method, Comp, 
rend. IxTiii. 1298), it is converted into ethylic orthotoluate: 

+ Na^ = Nal + NaCl + qqsjjs 

(Kekule, JBer. vii. 1007). 

Iffitrotoluenes. (1 — 0) Mononitrotolue^ies, C®H‘‘(NO^).CH^. — E. X 
Mills {Phil. Mag. [4], 1. 17) prepares the para-modification by dropping toluene into 
red fuming nitric acid of sp. gr. 1*48, and distilling the product with water. The 
mixture of liquid and solid nitrotoluene which then passes over after the imaltered 
toluene is cooled for half an hour to - 17°, and tlie liquid portion pipetted off. The 
solid jp-uitrotoluene thus produced could not be obtained of quite constant melting 
point, either by sublimation, or by repeated crystallisation from alcohol, or by treat- 
ment with fuming sulphuric acid, or by partial solution in dilute alcohol. When 
tw’ice crystallised from naphtha and then from alcohol, it melted at 51’31° (^lls). 
'Ey chromio oxychloride, it is converted into methylnitroquinon.e 

(Etard, Comp. rend. Ixxxvii. 989). 

Orthonitrotoluene given to dogs exerts a poisonous action, which, however, if the 
dose is small, soon passes off; by repetition the animals get accustomed to it.^ Part 
of the nitro-toluene appears in the urine as orthonitrobenzoic acid (nitrohippuric acid 
is not formed) ; but the chief product of the transformation is a compound, 
+ 2-|H-0, which crystallises in colourless silky needles; dissolves very 
easily in water, sparingly in cold alcohol, more readily in hot alcohol, but is insoluble 
in ether. It melts at 148°-149° ; has an acid reaction; shows strong laevorotatory 
power ; reduces an alkaline cupric solution, also bismuth-solution and silver-solution ; 
does not ferment with yeast. It is a compound of urea with uronitrotolueiiic acid^ 
(Jaffe, Buss. Zeiischr. Pharm. 1878, 513). 

(2 — 0) Binitfo toluene^ C®H^(NO')^CH^. — The unsymmetrical modification of 
this compound, CH® .* NO- : NO- = 1 : 2 : 4, is obtained by further nitration either of 
orthO' or of para-nitrotoluene, and is converted by reduction into metadi phenylene- 
diandine (Baeyer, P&r. vii. 1638). Mills {Phil. Mag. [4], 1. 17), by treating toluene 
with a mixture of nitric and sulphuric acids, obtained a dinitrotoluene which after 
two crystallisations from light petroleum and from alcohol, melted at 69*23°. Liquid 
mononitrotoluene treated at ordinary temperatures with fuming nitric acid yielded a 
dinitrotoluene, which after purification melted at 69*17°, but after it had been kept for 
nineteen months the melting point rose to 69*6°. Solid nitrotoluene treated in small 
quantities with red fuming nitric acid yielded a dinitro-compound melting at 69*17° ; 
when larger quantities were used, the product melted at 69*57°. Dinitrotoluene 
treated with sodium- amalgam yields a black uncrystallisable mass (Michler, Liebig’s 
Amialen, clxxv. 150). 

(3 — 0) TriniiTotoluene., C®H2(NO-)®.CH^ is obtained by nitrating toluene with 
fuming nitric acid and treating the product with a mixture of nitric and fuming 
sulphuric acid. After recrystallisation from light petroleum and alcohol, it melted at 
78*85°. It is not altered by boiling for thirty-six hours with red fuming nitric acid. 
Liquid nitrotoluene heated with nitric and fuming sulphuric acids yielded a trinitro- 
toluene which melted at 78*88°. The trinitrotoluene obtained in like manner from 
solid nittotoluene did not exliibit a constant melting point till it had been submitted 
to a repetition of the treatment. It then melted at 80*54°. 

Nitrohromotoluenes, C®H*(N@2)Br.CH=*. Parabromotoluene yields by nitra- 
tion two solid mononitro-derivatives, one melting at 45°, the other at 34°. The 
former yields by reduction a bromotoluidine, C®H^(NH^)Br.CH®, convertible by the 
action of sodium-amalgam and water into orthotoluidine : hence it is an ortho-para- 
compound, OH^ \ NO^ Br=l ; 2 : 4.‘*‘ Consequently the modification melting at 
34° must be the meta-para-compound 1:3:4, and this conclusion is confirmed by its 
formation from metanitroparatoluidine, CH^ : NO^ : NH^=1 : 3 .* 4, by converting 
this base into the diazoperbromide and decomposing the latter with alcohol. It crys- 
tallises from alcohol in slender yellow needles (Wroblewsky a. Kurbatow, Zeitsekr. f. 
Chem. 1870, 165; Beilstein a. Kuhlberg, Liebig’s A?malen, clviii. 335; Wroblewsky, 
Per. viii. 573). 

An orthonitro-metahromotoluene, 1 : 2 : 3 or 1 : 2 : 5, is formed on agitating meta- 
bromo^luene for a considerable time with moderately strong nitric acid, and separates 
® Compare vii. 1167, where this nitrobromotoluene is described as the OT-j?-modification, 
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on addition of water as a pale yellow oil solidifying at —17° to a crystalline pulp 
which may be freed from adhering liquid by pressure between paper. When purified 
by repeated crystallisation from alcohol, it forms hard, brittle, very large, well-defined 
rhombic crystals, prismatic or flattened according to the strength of the solution from 
which they have separated. Both the crystallisation and the dissolution of the crys- 
tals in alcohol are accompanied by strong decrepitation. By reduction with tin and 
hydrochloric acid, this nitrobromotoluene is converted into a metabromorthotoluidine. 

The liquid portion of the product is not a distinct modification, as supposed by 
Wroblewsky {Zeitschr. f. Chem, 1870, 24:0), but a mixture of the compound just 
described with unaltered metabromotoluene or a dinitrobromotoluene (E. A. Grete. 
Ber. viii. 5fio). 

The {symmetrical or edification, 1:3:5, prepared by elimination of the 

amido-group from nitrobromoparatoluidine, crystallises 

from alcohol in shining white prisms, melts at 86°, and boils at 269°~270° (Wroblewsky, 
Ber. viii. 573). 

Witroclilorotolueiies. Two nitroparacJilorotohienes, C®H®(NO-)Cl.CH®, one 
melting at 8°~9°, the other at 34:°~35°, are obtained by direct nitration of y)-chloro- 
toluene (Engelbrecht, Ber. vii, 797). 

(1 — 1 ) Orthooiitrochlorotolitene, or Orthonitrohenzyl Chloride^ 
C®H'‘(NO").CH“Cl [NO-:CH'Gl = l : 2], is formed by the action of chlorine on 
orthonitrotoluene at 150°-200°, as a viscid oil which has an agreeably aromatic odour, 
exerts a burning action on sensitive parts of the skin, and solidifies after a while to a 
network of slender needles. With silver nitrate it forms orthonitrohenzyl acetate, 
C®H'‘(N0'-).CH'‘'(0C-H30) (WachendorfiE; Ber. vih. 1101). 

A nitrobenzyl chloride is also formed by dropping benzyl chloride into fuming 
nitric acid cooled to — 15°, and may be purified by washing and recrystallisation from 
alcohol. By digestion w'ith aqueous ammonia at 100° it is easily converted into 
secondary nitrobenzylamine, (C®H‘NO-.CH'^)®NH, and tertiarv nitrobenzylamine, 
(C^H^NO-.CH2)«N (p. 317). 

I^itrochlorotoliLenc, or Nitvoheiizylene Bichloride, 
C®H'(NO*).CHCP, is formed by the action of fuming nitric acid on benzyleiie dichloride 
cooled with water, together with large quantities of benzoic acid and benzaldehyde, 
which may be removed by treating the product with aqueous sodium carbonate and 
acid sodium sulphite. The nitrobenzylene dichloride -which then remains is converted 
by oxidation into paranitrobenzoic acid (Hiibner a. Bente, Ber. vi. 808. See p. 320). 

Kitrotrichlorotoluene, C®H(NO''^)CP.CH®, is prepared by dropping nitric acid 
of sp. gr. T52 on gently -^’armed pulverised trichlorotoliiene till the whole is dissolved, 
and precipitating w'ith water. When purified by crystallisation from alcohol or 
benzene it forms long white needles melting at 88‘5°. 100 pts. alcohol at 20° dissolve 
4'9 pts. of it. By tin and hydrochloric acid it is converted into a trichlorotoluidine 
which melts at 91° (K. Schultz, Liebig's Annalen, clxxxvii. 274). 

Binitrochlorotoluene, C®(NO-)“CP.CH*b prepared by treating tricihlorotoluene 
■with a mixture of 2 pts. nitric acid (sp. gr. 1-52) and 1 pt. strong sulphuric acid, 
crystallises from a large quantity of hot alcohol in small yellow needles, easily soluble - 
in benzene, melting at 225° (Schultz). 

Binitro-^-iodotoluene, C°H-(NO^)-I.CH®, is formed, together with other com- 
pounds, by nitration of para-iodotoluene, and separates in colourless crystals melting 
at 138° (Glassner, Ber. viii. 561). 


Amidotolitbnes, C’H^N = 

I. (1 — 0) Amidotoluenes, Toluidines, Tolylamines, 

Pabatolxjidine. Obdinart Tol-uidine. — To separate this base from ortho- 
or psftudotoluidine, E. Bindschedler {Ber. vi. 1361) dissolves 2500 g. oxalic acid in 
25 litres of boiling water, then slowly pours into the solution 1 0 kg. commercial 
toluidine, heats the liquid once more to the boiling point, leaves it to cool to 60° with 
continual stirring, and filters quickly from the crystalline precipitate which forms. 
This precipitate pressed, washed with water, decomposed with caustic soda, and dis- 
tilled, yields crystalline paratoluidine. The cooled filtrate is mixed, with stirring, 
with 2 kg. oxalic acid, whereby a further crystalline precipitate is obtained, consisting 
of the oxalates of ortho- and para-toluidine, which is set aside for a subsequent pre- 
paration of the latter. "When the filtered liquid no longer gives a precipitate on 
agitation with a strong solution of oxalic acid, it is distilled with soda-ley, fJ^id the 
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oily distillate is dried and rectifie4. The product thus obtained consists of technically 

pure or^^otoluidine. 

A similar process, founded on the sparing solubility of the acid oxalate of j9-toluidine 
in ether free from, alcohol, may be applied to the volumetric estimation of the two 
bases when mixed. On adding oxalic acid to the ethereal solution of the bases, the 
acid oxalate of y)-toluidine is first formed, while the o-tohiidine remains free till the 
p-toluidine is completely saturated. Any excess of oxalic acid that may be added is 
easily estimated by mixing the liquid with titrated toluidine. Any o-toluidine oxalate 
that may be formed at the same time is thus decomposed, with formation of acid 
oxalate of yj-toluidine and free o-toluidine (Eosenstiehl, Bull. Soc. Chim. [2], xvii. 4), 
Lorenz {Ber. vii. 448) observes that the end of the reaction {i.e. the complete precipi- 
tation of the para-compound in the ethereal solntion) is not easy to recognise. _ He 
therefore introduces into the ethereal solution a slip of litmus-paper, which, since 
oxalate of orthotoluidine acts npon litmus-paper, turns red on addition of any excess 
of oxalic acid beyond that which is required to precipitate the whole of the jp-toluidine. 
Still greater exactness may be obtained by adding at once an excess of oxalic acid, 
filtering from the separated ^-toluidine oxalate, washing with ether, evaporating, dis- 
solving the residue in a small quantity of water, and titrating the excess of oxalic acid 
with a decinormal solution of soda. The difference between the quantity of oxalic 
acid thus found and the amount employed gives the quantity of oxalic acid which has 
combined with the paratoluidine. 

BeactionsofBamtoluidiiie. 1. Oxidation. — ^Paratoluidine treated with potassium 
permanganate is oxidised to azotoluene or ditolyldiazin, together with 

a red substance of the same composition, which when treated with ammonia and 
hydrogen sulphide is converted into symmetrical ditolyl-hydrazine or 
hydrazotoluene, (Barsilowsky, Ber. viii. 695). See also Hoogewerff a. 

van Dorp {Ber. x. 1936 ; xi. 1202). 

2. Eeaction with Iodine Chloride. — This compound, added to a solution of 
p-toluidine in hydrochloric acid, converts it into diiodo-p-toluidine (Michael a. Norton, 
Ber, xi. 107). 

3. With Mercurio Chloride. — When an alcholic solution of p-toluidine is poured 
upon an alcoholic solution of mercuric chloride so as to form a layer above it, the 
compound HgCP.N(C'H^NH2)2Hg[NH2(C^H0Cl]2 is gradually formed (0. Klein, 
Ber. xi. ,743). 

4. Wi%}xMonQchlor acetic acid. — Paratoluidine (2 mol.) heated with 1 mol. chloracetic 

acid yields tolyl-glycocine, CO-H, and with ethyl chloracetate 

the corresponding ether. Chloracetamide and toluidine heated together in molecular 
proportion till they fuse yield tolyl-glycollamide, C’'H’'.NH.CH^.CONH2, and in 
like manner tolyl-glycollanilide and tolyl-glycolltoluide may be produced (P. P. Meyer, 
Ber. viii. 1158). See G-ltcollamides (p. 882). When a solution of toluidine in 
absolute alcohol is heated with chloracetic and thiocyanio acids^ a brisk reaction takes 
place, and crystals separate, which when purified by recrystallisation from alcohol and 
boiling with ether, have the composition and melt at 176°-182®. Their 

formation is represented by the equation : 

O^H^NH2 + CSNH + GH^Cl.CO^H = HCl + 

(Nencki, J.pr. Chem. [2], xvi. 1). 

5. - With Chhi'al. — Toluidine dissolves with rise of temperature in chloral, pro- 
ducing trichlorethylidene-ditolylamine, OCP.CH[NH(C®H'^.CH®)]* (Wallach, vii. 1179). 

6. With Ethylene Oxide. — ^The two substances, heated together in molecular pro- 
portion at 100° in a closed flask, unite and form oxethylenetolnidine, 

(Demole, Ber. vii. 635). 

7. With IDinitrochloroh&nzene, toluidine forms chloronitrophenyl-p-tolyl- 
amine, C«HSC1(N03).NH(C‘>H^.CH3). 

8. Paratoluidine unites with picraniide, forming the compound 
C^H®N,C®(K02)3H-.NH^ which crystallises in shining black needles having a greenish 
reflex (Mertens, Ber. xi. 843). 

9. Paratoluidine unites with paraph&iiolsidphonic acid, producing great rise of 

temperature, and the solid mass which forms on cooling, yields when crystallised from 
hot water, large semi-transparent, colourless, or yellowish prisms, which cleave readily 
and melt at 202°. 100 pts. water at 17° dissolve 5T8 pts. of the compound (Lecco 

Monii. soientif. [5], iv. 423). * 

ORTHOTOLtjiniNE Or PsEUDOTOLTjiDiNE, — On the separation 

of this base from the jpam-modification, see p. 1995. 

Beo^tions. — 1. By the action of iodine chloride, it is converted into monoiod- 
orthotoluidine (Michael a. Norton). 2. By oxidation with potassium perman* 
ganate, it yields o-tolyl- diazin (Hoogewerff a. van Dorp, Ber. xi. 1202). 
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3. Witli potassium ferricyanide^ it yields unerystallisable products of oxidation (Batrsi- 
lowsky, Ber. xi. 2165). 4. Heated at 200°~220® with methyl alcohol and hydrochloric 
acid, it is converted into dinaethyl-o-toluidine boiling at 206°-207°. With 
ficramidey it forms a compound similar to the ^-toluidine compound (p. 1996). 6. It ' 

unites with mercuTic chloride, forming a compound which melts at 113°-115° (Klein, 

Ber. xi. 743). 6. A mixture of o-toiuidine hydrochloride and a strong solution of 

zinc chloride cooled to a low temperature ( — 5°) deposits colourless, concentrically 
grouped, tabular, anhydrous crystals, consisting of the double salt ZnOP,2(C’H^N,HCl) 
(Bibanow, Monit, scientif. [3], iv, 925). 

The salts of orthotoluidine yield by oxidation a basic substance, (also 

occurring in crude aniline-black), having a blue-violet colour, slightly soluble in 
alcohol, easily in chloroform and aniline, and forming green salts. Hydrochloric acid, 
added to the chloroform solution, throws down the green hydrochloride (Nietzki, Ber, 
xi. 1093). 

MBTATOLtriniNB, — F. Lorenz [Ber, vii. 448) prepares this 

base by the following process. Paratoluidine is converted by means of glacial acetic 
acid or acetic anhydride into paracetoluide ; this into its metanitro-derivative, by 
adding it in small portions to nitric acid of sp. gr. 1'475, and precipitating with snow ; 
and the nitroacetoluide by gentle heating with alcoholic potash into metanitropara- 
toluidine, (p. 1999). This nitro-base is then mixed to a thin 

paste with nitric acid ; nitrous gas is passed into the mixture ; the clear light-brown 
solution is mixed in a well-cooled vessel with the calculated quantity of dilute 
sulphuric acid; and the resulting precipitate is washed with ether-alcohol. The 
diazin-compound thus obtained is converted by boiling with absolute alcohol into 
metanitrotoluene, which may be purified by distillation with steam, and when reduced 
by tin and hydrochloric acid yields metatoluidine. 

Metatoluidine is a colourless oil, which becomes coloured and resinises on exposure 
to the air. It has a density of 0*998 at 25°, and boils at 197°. The free base does 
not change the colour of litmus, but its salts have an ^cid reaction, so that they 
might be analysed by titration with soda-ley. They quickly acquire a rose tint. 

The hydrochloride crystallises from water in rosettes of thin laminse ; from alcohol 
in thin pale-red scales ; it is very soluble in alcohol and in water ; the aqueous 
solutions are easily supersaturated. The nitrate separates by slow crystallisation in 
large, thick, rhombic tablets, having a pale-red colour, slightly soluble in ether, very 
soluble in alcohol, less easily in water, with which it readily forms supersaturated 
solutions. The sulyhate forms radiate groups of long, brittle, faintly reddish, trans- 
parent needles, easily soluble in water, sparingly in alcohol, insoluble in ether. 

Oxalates. — The acid oxalate, forms large nodular groups of 

slender needles having a silky lustre, sparingly soluble in water, alcohol, and ether. 
They begin, to volatilise at 75° (possibly from loss of base). The sesquibasic oxalate, 
(C^H®N)®(C2H^O‘‘)2, is formed on heating the aqueous solution of the acid salt with the 
free base, and separates from the warm solution in step-like groups of. hard rhombic 
laminse : it is also formed, in the preparation of the acid salt, when the quantity of 
oxalic acid present is not sufficient for the formation of the latter. It is not decom- 
posed by reerystallisation. The normal oxalate is formed on mixing the warm 
alcoholic solutions of oxalic acid and metatoluidine, the latter being in large excess, 
and separates in soft rhombic laminae which contain 1 mol. water, and when dried in 
the air have very much the aspect of cholesterin ; it is very unstable (Lorenz). 

The following table (drawn up by Lorenz) contains a comparison of the reactions 
of the three toluidines with the reagents which, according to Eosenstiehl, are charac- 
teristic for ortho- and para-toluidine. 

1. The base dissolved in is treated with a solution of chromic acid in 

sulphuric acid of the same concentration. The mixture is coloured : 

Orthotoluidine Ketatoluidine Paxatoluidine 

Blue, changing on dilu- Yellow - brown, which Yellow, 
tion to a permanent red- becomes greenish-yeUow on « 

violet. addition of a small quantity 

of water, and on further 
dilution colourless. 

2. Nitric acid is added to a solution of the base in SH^O^H^O. 

An orange-colour is pro- The mixture becomes at Blue streaks are pro- 
duced, and with very con- once red, changing quickly duced, which soon tinge 
centrated solutions a to intense blood-red, then the w'hole liquid; after a 
brown, becoming yellow on to a dirty dark red, and on minute the colour becomes 
dilution. dilution to orange. violet, then red, and after 

some hours brown. 
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3, To a solution of the base in equal volumes of water and ether, a few drops 
a clear solution of bUdching 'powder are added. 


The layer of water be- 
comes first yellow and then 
brown. The ether sepa- 
rated from the water, and 
when treated with dilute 
sulphuric acid is perma- 
nently coloured a red violet. 


The layer of water be- 
comes a thick browmish- 
yellow : the ether assumes 
a reddish colour. When 
separated and shaken with 
a few drops of dilute sul- 
phuric acid, the under sur- 
face of the ether is coloured 
violet. 


No reaction. 


Bromotoluidines. E. A. Grete {Ber. vii. 796), by treating metabromotoluene 
with nitric acid, obtains a mixture of nitro-products which by reduction yields a 
wififebromotoluidine liquid at ordinary temperatures and volatilising with steam. Its 
sulphate crystallises in laminse or six-sided prisms ; the nitrate in six-sided prisms 
or plates ; the oxalate in needles ; the hydrochloride in very soluble needles, branched 
like those of -sal-ammoniac. 

Metahroinorthotoluidine, C®.CH3.NB[2.Br.H^ which Wroblewsky obtained by 
brominating orthotoluidine and* decomposing the resulting ortho-acetoluide with 
potash (vii. 1176), is also produced by the action of tin and hydrochloric acid on the 
corresponding nitrometabromotoluene (m. p. 54°-55°). It cr 3 ’stallises from alcohol 
in well-defined rhombohedrons having their upper and lower summits alternately 
truncated. It volatilises with steam, melts at 57‘5°-58°, dissolves very easily in 
alcohol, and with moderate facility in water. Ey sodium-amalgam it is completely 
decomposed, apparently with formation of toluene and ammonia. By boiling with 
glacial acetic acid it is converted into metahromacetolmde, melting at 156°. The 
sulphate, (C^H®BrN)-H-SO'‘, crystallises from its aqueous solution by slow evapora- 
tion in regular quadratic tablets. The nitrate, C^H®BrN,HNO^ forms six-sided, 
often flattened needles with pyramidal summits. The hydrochloride, O^H®BrN,HCl, 
forms long, thin, often flattened needles very soluble in water. The oxalate, 
(C■H®BrN)^C“H-0^ crystallises in tufts of long needles (Grete, Ber. viii. 565). 

Hiibner a. Boos {Ber. vi. 799) have obtained, by nitration of parabromotoluene, a 
mixture of nitrobromotoluenes, yielding by reduction : 

(1) . orBarahromotoluidbie, melting at 32° [apparently identical with the bromo- 
toluidine described by Hiibner a. Wallach as melting at 31°, by Beilstein at 30°, by 
Korner^at 27°, and by Wroblewsky (vi. 1104) at —2°]. The hydrochloride of this 
bromotoluidine forms large, six-sided, rhombic tablets ; the nitrate transparent, 
paie-red, rhombic tablets, soluble in 120-9 pts. water at 11'5°; the sulphate, 
2C'H®BrN,H-SO‘‘, colourless, sparingly soluble laminse. 

(2) . ^Parabromotoluidme, melting at 75°, or, according to Wroblewsky, at 67°. 

(3) . An ortkobromotohiidme, in the form of a liquid which does not solidify at 0°, 
and forms crystalline salts, the hydrochloride and nitrate crystallising in rhombic 
tablets, the sulphate in needles. 

On Symmetrical Bromotoluidine, CH® : NH- : Br=l : 3 : 5, melting at 34*5°~37°, 
see p. 1988. 

Bibr omotoluidines, C®H^Br-(NH“).CH^ — On the modification 

: Br : NH2 : Br = 1 : 2 : 3 : 6 and 1 : 2 : 4 : 5, see p. 1990. A dibromo- 
toluidine is formed, together with sulphuric acid, on heating paramidotoluenemeta- 
sulpbonic acid with 2 mol. bromine : 

C^H«(NH2)(S03H) -h 2Br"- + H^O = C’H^Br2(NH2) + SO^H^ + 2HBr 
(H. V. Pechmann, Liebigs Annale7i, elxxii. 195 ; Ber. vii. 718). 

Trihf 07710 tolui dine, G®H*Br®,CH^ — This compound appears to be known in 
three modifications, the constitution of which has not however been made out. One 
of these, which crystallises in needles melting at 112°-U3° is formed by the action 
of bromine on o-toluidine-5«-sulphonie acid, and on y»-toluidine-w 2 .-snlphonic acid. It 
sublimes easily without decomposition, and does not unite with acids (pp. 2016, 2019). 
Another modification is obtained, together with sulphuric acid, by the action of water and 
bromine on amidorthobromotoluenemetasulphonic acid (p. 201 9). It crystallises from 
Alcohol in yellow needles and volatilises with steam in nearly white flocks which melt 
at 82°_(Schafer, Ber. vii. 1355). A third modification is obtained by adding bromine- 
water in excess to a cold saturated solution of metatoluidineorthosulphonic acid, as a 
fiocculent precipitate, which when recrystallised from alcohol, with addition of animal 
eharcofSl,^ ferms thin, fragile, faintly reddish needles melting at 95°. By cautious 
sublimation it may be obtained in snow-white needles melting at 101°. It is insoluble 
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in soda-ley and hydrochloric acid ; but dissolves in strong sulphuric acid, and is pre- 
cipitated therefrom by water without alteration (Lorenz, Ber, vii, 448). 

Zodotoluidines (Michael a. Korton, Ber. xi. 107). 

Mo 71 o~iod-o-tol%idine, C®H^I(NH^).CH^ — Acetorthotoluide, 
dissolved in glacial acetic acid, is converted by the action of 
iodine chloride into io dace to-toluide, which crystallises from water or alcohol in 
short thick needles melting at 165*5°, sparingly soluble in cold, more readily in hot 
water, very easily in alcohol and ethyl acetato, soluble also in strong nitric acid with- 
out separation of iodine. 

This iodacetoluide is converted by boiling with hydrochloric acid into iod-o- 
toluidine hydrochloride which crystallises in needles. The free base crystallises 
from alcohol in long white needles melting at 86°, very sparingly soluble even in hot 
water, easily soluble in alcohol, ether, and acetic acid ; it volatilises readily with 
vapour of water. Heated with strong sulphuric acid it decomposes, evolving vapours 
of iodine. The iiitrate crystallises in colourless needles, somewhat sparingly soluble 
in water. The platinochloride does not crystallise well. 

The base treated with nitrous acid is converted into a diazin-compound 
which forms a light-yellow crystalline precipitate easily soluble in alcohol, and con- 
vertible by boiling with alcohol into the corresponding iodotoluene, which when 
oxidised by nitric acid yields ^?;^ez;^t-iodobenzoic acid melting at 184°. The base is 
therefore a metaiodo-orthotoliiidine. 

Orthotoluidine treated with iodine chloride likewise yields a monoiodortho- 
toluidine. 

I)i4odo-jp-toluidine, C®HH-(NH-).CH^ formed by the action > of iodine chloride on 
paratoluidiiie dissolved in hydrochloric acid, crystallises in ramified groups of slender 
needles, melting at 124*5°, moderately soluble in cold, freely in hot alcohol. 

iritrotoluidines. Me tanitropaTatoUiidi7ie, 

Lorenz {Liebig's A7i7ialen^ clxxii. 177) prepares this compound by converting parace- 
toluide into its metanitro-derivative (m. p. 92°), and treating the latter at a gentle 
heat with alcoholic potash. It crystallises from alcohol in thick red prisms, melting 
at 109° ; after recrystallisation from water at 114°. According to Panebianco (Gacz. 
chi77i, ital. 1879, 358), the crystals are monoclinic, having the axial ratio a : h : c = 
1*35781 : 1 : 1*75472. Angle «c = 54°51'. According to Friederici (Be7\ xi. 1970), 
this nitrotoluidine crystallises from dilute alcoholic solution in brick-red shining 
laminae, from concentrated alcoholic solution in slender needles or long thick prisms, 
and volatilises with water- vapour in red flocks made up of needle-shaped crystals. 
Moderately strong hydrochloric acid dissolves it readily when heated, and the solution 
on cooling deposits the hgdrochloride, C’'H®(NO“)N,HCl, in well-defined light-yellow 
prisms, which are instantly decomposed by water. The^niirate, C^H®(NO^)N,IiNO®, 
forms light yellow, highly lustrous, six-sided plates or slender needles likewise decom- 
posed by water. 

nxetliyl-toluidines. 3f o 7i o- and Bi'methgU'p-tohiidme are formed when 
vapour of methyl chloride is passed into y>toluidine boiling in a reflux apparatus 
through which a current of steam is passed, 3*5 pts. of the toluidine attacked being 
converted into the mono- methyl-derivative to 1 pt. converted into the dimethyl- 
derivative. The ethereal extract of the crude product freed from unattacked toluidine 
by sulphuric acid, leaves on evaporation an oil which becomes very hot in contact 
with acetic anhydride, and after repeated distillation yields acefomono 7 nethylpam- 
toluidine, C’'H^N(CH*)(C!^H^O), which forms colourless crystals, melts at 83°, boils 
at 283°, dissolves easily in alcohol and ether, sparingly in water. By successive 
saponification with hydrochloric acid and soda-ley, it yields 7nono77iethi/lparatoluidine 
as a colourless aromatic oil boiling at 208°. Nitroso~7nethyU-p-tolmdi7ie, 
(C^H^)N(CH^)(NO), obtained by the action of potassium nitrite on methyl toluidine 
dissolved in hydrochloric acid, is insoluble in water, easily soluble in alcohol and 
ether, and melts at 54°. 

l)inUro7nethylparatolmdine, C^H^.NH[CH(N02)2], produced by the action of fuming . 
nitric acid on a solution of the acetyl-compound in glacial acetic acid, crystallises * 
from dilute alcohol in light-red needles melting at 129°, and dissolving, without 
decomposition, in glacial acetic and hot hydrochloric acid (A. L. Thomsen, Ber, 
X. 1582). 

DhnethyU^-toluidine, C«H'3]^ = (C^H0(OH3)2N^C°H^[N(CFP)2].CH3.— On 
the formation of this base by intramolecular interchange from trimethyl-phenyh 
ammonium iodide, and its subsequent conversion into methyl-xylidine and cumidine. 
see A. W. Hofmann (vii. 57). It is also formed by distillation of trimethyl-yJ^olyl- 
ammonium hydroxide, passing over as a colourless aromatic oil which boils at 208°, 
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Bimethyl-OTtlwtoliiidine^ prepared in like manner, "boils at 183°. Trimethyl-orthoiolyl- 
ammonium Iodide crystallises in large needles which acquire a purple colour on ex- 
posure to the air (A. L. Thomsen, ho. cit.) 

Bromo dimethyl-met atoluidine is formed by the action of bromine on 
diniethyl-metatolui(hne dissolTed in two or three times its volume of hydrochloric 
acid. The light yellow liquid thereby produced is poured off from an oil which sepa- 
rates, into cooled soda-ley, and the crystals which form are freed by pressure from 
adhering liquid, and recrystallised from alcohol. The compound is thus obtained in 
white shining laminae, unctuous to the touch, insoluble in water, easily soluble in the 
other ordinary solvents; it melts at 98°, and boils at 276° (Wurster a. Eiedel, B&r. 
xii‘. 1796). 

JSfiiroso- and Nitro-derivatives of Bimethyl-m-toluidine (Wurster a. 
Riedel, loo, cit) — Miroso-dimethyl-m-toluidme Hydrochloride , C®H^^(NO)N.H.01, is 
deposited on adding a saturated solution of sodium nitrite to a solution of dimethyl- 
metatoluidine in dilute hydrochloric acid. It is sparingly soluble in cold, but dis- 
solves in hot water in presence of hydrochloric acid, and crystallises on cooling in 
yellow needles. The &ee base obtained by decomposing the hydrochloride with 
sodium, carbonate crystallises from ether in green plates or needles melting at 92 ° ; 
from a chloroform solution mixed with iigroin in moss-green needles ; from benzene 
in dark-green efflorescent crystals containing benzene; from water in laminae. It 
forms steel-blue double salts with amines (aniline, toluidine), is converted by potash- 
ley into a red-brown azoxy-eompound, and is resolved by soda-ley into dimethylamine 
and a nitrosocresol, C®H®(NO)(OH).CH^ which crystallises in white needles, melting- 
at 145°-150°, soluble in alcohol, benzene, chloroform, and glacial acetic acid, slightly 
soluble in boiling water and in ether; yielding an acetyl-derivative which forms 
prismatic crystals soluble in alcohol and melting at 92° ; and converted by the action 
of nitric acid on its solution in glacial acetic acid into trinitrocresol. 

Nitrosodimethyl-mrtolmdine, treated with tin and hydrochloric acid, is converted 
into a dimethyl-tolylene-di amine, N''^H2(CH®)2(C'^H®), which, when oxidised 
by sulphuric acid and manganese dioxide, yields a crystalline compound (m. p. 67°) 
identical with the toluquinone (S'-'*^-) prepared from paratoluidine. Rimethyl- 

tolylene-diamine is therefore a derivative of paratoluidine, and since it is obtained by 
reduction of nitrosodimethyl-m-toluidine, it follows that the nitroso-group in the 
latter compound must occupy the para-position with regard to the amido-group. 
Hence the constitution of nitrosodimethyl-?;i-toluidine must be represented by the 

formula C«.CH^HO.H.H.N(CH3}2 h (Riedel, Ber. xiii. 126). 

Mtrodimethylmetatoluidine is formed when potassium permanganate is added to 
an aqueous solution of nitrosodimethylmetatoluidine hydrochloride, and may be 
extracted from the liquid with ether. It crystallises in long yellow needles melting 
at 84:°. The corresponding <Zm 2 >o-derivative is obtained in yellow needle-shaped 
pystalp melting at 107°, by adding nitric acid to a solution of dimethylmetatoluidine 
in^ glacial acetic acid. If the nitration is carried on with dilute nitric acid, or if the 
mixture of sulphuric and nitric acids is kept perfectly cold, three nitro-derivatives are 
obtained, viz., the mono-nitro-derivative melting at 84°, and two dinitro-derivatives 
melting at 107° and 168° respectively. The latter is less soluble in alcohol than the 
dinitro-compound which melts at 107° (Wurster a. Riedel). 

On Colouring^ Matters derived from Methyl- and Dimethyi-toluidine, see Monnet 
Eeverdina. Hblting {Ber, xi. 2278 ; Chem. 8oc. J. xxxvi. 310). ’ 

(0-1) Amidotoluene, or Benzylamlne, C«H^CH2(NH2). This base, 
originally obtained by the action of ammonia on benzyl chloride (v. 867), and after- 
wards by decomposing benzyl isocyanate or isocyanurate with potash (vii. 181), may 
also be prepared by the action of alcoholic potash on benzyl-acetamide (from acetamide 
and benzyl chloride). The hydrochloride separates from alcoholic solution in large 
plates. The ylatinoehloride crystallises in orange-coloured plates, the sulphate in 
transparent crystals freely soluble in water (C. Rudolph, B&r. xii. 1297). 

Tri-^-hromolenzylaonine, (C^'H^BrJ^N = (CH^Br.C^HyN, is formed by the 
action of alcoholic ammonia at ordinary temperatures on parabromohenzyl bromide, 
and separates immediately as a crystalline pulp, together with a substance scarcely 
soluble in alcohol. The triamine is insoluble in water, but dissolves in alcohol, ether 
benzene, and carbon sulphide, and crystallises from alcohol in prisms meltincr at 

78° 79°. ^ to 

The substance nearly insoluble in alcohol is the corresponding hydrohromide, 
(G^H“Br)^N,HBr. It cry&tallises in white scales melting at 270°, insoluble in water 
easilynsoluble in ether (Jackson a. Lowery, Ber, x. 1209). ’ 

Mono-, Ri-, and Tri-orthohro^nohensylamines are formed by heating 
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(j-bromobenzyl bromide at 100° for two hours with alcoholic ammonia. The tertiary 
base, (C®H'‘-Br.CH2)*N, separates from the product in crystals, which, after recrystal- 
lisation from ether, melt at l2T-5° ; its platinochloride, [(C®H‘^Br.CH®)’*NH]2PtOi®, is 
insoluble in water and in ether, and very sparingly soluble in alcohol. The primary 
base, is obtained from the liquid filtered from the crystals of the 

tertiary base by evaporating to dryness, treating the residue with carbonic acid, 
exhausting with water (the secondary base then remaining undissolved), mixing the 
extract with caustic soda, and washing the oil thereby precipitated. It is a colourless 
oil yielding a carbonate in white crystals melting at 95°, and a hydrochloride, in 
needles melting at 208°, both soluble in water and in alcohol. The platinochloride, 
(C®H‘‘Br.CB[''^NH^)^Pt01®, forms orange-yellow needles insoluble in ether, slightly 
soluble in water and in alcohol. The secondary base, (C®H‘*Br.CH^)“NH, solidifies 
in a freezing mixture to rhombic needles melting at 36°, having a pleasant odour, 
insoluble in water. The hydrochloride melts at 166°; the platinochloride, 
[(C'’H‘*Br.CB[^)^NH]2PtCP, is a dark yellow precipitate insoluble in ether, moderately 
soluble in alcohol and in water. 

Chlorobenzylamine s.— ^-Monochlorobenzylamine, C®H'‘C1.NH^, is liquid. Bi- 
jp-chlorobenzylamine, (C®H^C1)2NH, melts at 89° ; tri-j?-chlorobenzylamine, (C®H^G1)®N, 
at 196° (Jackson a. Pield, Ber. xi. 904). 

lodobenzylamines, — Bi- and Tri-p-iodobenzylamim, (C®HT.CH2)2NH, and 
(C®HT.CB“)®N, are produced simultaneously by boiling^-iodobenzyl bromide (p. 2007) 
with alcoholic ammonia. The tri-derivative, which is the less soluble part of the 
product, may be purified by recrystallisation from ether. It forms white needles, 
melting at 114°-115°, insoluble in water and in cold alcohol, slightly soluble in hot 
alcohol, also in ether, benzene, and carbon sulphide. The ylatinochloride, 
[(C®H‘‘I.CH-)®NHpPtCl®, crystallises in yellow needles nearly insoluble in water and 
in alcohol. Bi-'^-iodobenzylamine forms white needles having an aromatic odour and 
melting at 76°. It is insoluble in water, but dissolves readily in hot alcohol, ether, 
benzene, and carbon sulphide. The ^latinochloride, [(C®H‘T.CH^)-NH]-PtCl®, forms 
light yellow crystals nearly insoluble in water and in alcohol (Mabery a. Jackson, .Bcr. 
xi. 55). 

Etliylbenzylamines. Biethylheoizylamine, NH(C^H'^)-, formed by heating 
diet hylamine with benzyl chloride in molecular proportions, boils at 211°-212° (V. 
Meyer, Ber, x. 309). 

Triethylbenzylammonium Iodide, N(0‘^H®)®(C^H'^)I. — According to Laden- 
burg a. Struver {Ber. x. 43), and Ladenburg {ibid. 561, 1152, 3 634), on the one hand, 
and V. Meyer {fbid. 309. 964, 978, 1291) on the other, this compound admits of two 
modifications, ]Sr(O^H®)®,C’’HT and N(0‘-^H®)-C’H’,C®I, the former, designated as 
above, being obtained by the union of triethylamine and benzyl iodide, the latter, 
called benzyl-triethylammonium iodide, from benzyl-diethylamine and ethyl iodide by 
heating with water ; also, together with the hydriodides of benzyldiethylamine and 
benzylethylamine, by heating benzylamine at 130° with ethyl iodide. Both these 
iodides crystallise in large white crystals; both yield the same periodide, N(C^H.®)®UHT®, 
which is formed either by direct combination or by boiling the solutions of the mono- 
iodides w'ith hydriodic acid, and crystallises in metallically lustrous prisms melting 
at 87° ; moreover, the corresponding picrates resemble each other very closely, con- 
sisting of yellow prisms melting below 100°. The platinochlorides, how'ever, are, 
according to Ladenburg a. Struve, not identical, that of triethylbenzylammonium 
chloride crystallising in tufts of prisms, or in well-defined, apparently monoclinic 
crystals, whereas that of benzyltriethylammonium chloride forms tabular crystals, 
npparently rhombic, which, by keeping or recrystallisation, are converted into the 
former platinochloride. According to Ladenburg, also, the iodide of triethylbenzyl- 
ammonium changes into that of benzyltriethylammonium when its solutions are 
concentrated. Altogether, however, the difference between the two iodides does not 
appear to be satisfactorily made out. 

PhenylDenzylamine, or Benzylaniline, NH(C®H®)(CH2.C®H®). This base, 
metameric with Hofmann’s tolylaniline (iv. 454), is formed: (1). Together with 
aniline hydrochloride, by heating benzyl chloride (b. p. 176°) with aniline at 160° for 
twenty-four hours : 

0®H®.CH2.C1 -{- 2G“H®NH2 == C®H®NH2,HG1 + C®H®.CH?.NH.C®H^ 

(M. Fleischer, Liebig's Annalen, cxxxviii. 225). 

(2). By the action of nascent hydrogen (zinc-dust and HGl, or sodium-amalgam 
and water) on benzothianilide (p. 1924): 

C®H=.GS.NH.C®H® + 2H'-^ = H^S + 

(Bernthsen a. Trompetter, Bor, xi. 1756), 

voL. vm, 0 N 
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Benzylaniiine solidifies at low temperatures to a crystalline mass, and crjotallises 
from liot alcohol in four-sided prisms, insoluble in water, easily soluble in alcohol and 
ether. It melts at 32°, remains liquid at 12°, and boils at 310° (Fleischer) ; melts at 
33° (B. and T.) [Toiylaniline,NH(C®HD(C®HhCH®), melts at 87° and boils at 334-5° 
(corr.)] The hydrochloride^ forms white well-defined crystals easily 

soluble in water and alcohol, sparingly in ether, and turning green on exposure to the 
air or on drying (Fleischer) ; white laminae melting at 197° (B. and T.) The 'platino- 
chloride forms concentric groups of yellow-red laminae (B. and T.) The cadmio- 
chloride, C^*H’®N,CdCl®, dissolves readily in hot alcohol, and crystallises in tufts of 
white needles which are decomposed by drying or by the action of water (Fleischer). 

In contact with mereuric chloride, henzylaniline forms a green mass which dis- 
solves with blue colour in alcohol, assumes a darker colour on prolonged heating, 
and then dissolves in alcohol with crimson colour. Benzylaniline heated with benzoyl 
chloride forms a yellowish oil, which gradually solidifies in contact with w-ater and 
alkali, and crystallises from alcohol in well-defined six-sided monoclinic prisms, con- 
sisting of phenylbenzylbenzamide, N(C®H^)(C^ff)(0’'H®0). This compound is 
insoluble in ether, melts at 104°, and dissolves in strong nitric acid, forming a yellow 
nitro'Compound (Fleischer). 

Benzyldiphenylamine, N(C’H^)(C®H^)^, formed by the action of nascent 
hydrogen on benzodiphenylthiamide, crystallises in long white needles melting at 
86‘5°-87°. It is nearly insoluble in water, slightly soluble in cold alcohol, easily in 
hot alcohol and in ether ; does not exhibit basic properties (Bernthsen a. Trompetter). 


Derivatives of Tolnidine containing Acid Radicles. 

Acetoluidosy C®H^(NH.C*H^O).OH^. P^!rn:-acetoluide is dimorphous. By spon- 
taneous evaporation of its alcoholic solution it is obtained in monoclinic crystals 
having the axial ratio a : 5 : 1‘21654 : 1 : 0-78885, and the axial angle 106° 7' 20". 

Observed forms coF<», OP, coP, — p, Pco, 2Pco. Cleavage perfect parallel to OP, 
Less distinct parallel to ooPco. Twin-plane parallel to OP. In a cleavage plate 
parallel to OP, the angle of the optic axes in oil was for red light 106° 10'(p<v). 
Dispersion very weak. On cooling from a warm alcoholic solution, on the other hand, 
or from a supersaturated solution, the compound is deposited in orthorhombic crystals, 
partly transparent needles without distinct summits, partly fiat needles with distinct 
summits, and in the latter case mostly turbid. Axes a : b : c- 0*65147 : 1 : 0*32885. 
Observed forms ooPoo, co? co, oP, ooP, Pco, 2?2. The transparent needles exhibit 
only the faces co P oo, qo P oo and oo P. Cleavage not recognisable. The plane of the 
optic axes is oo P oo ; the acute bisectrix is normal to co P oo. p<v. Angle 2Htt - 84° 
for red. This case of dimorphism is the third which has been observed in the para- 
series (Panebianco, Gazz. chim. ital. 1878, 426). 

By oxidation with potassium permanganate in hot aqueous solution, j 3 -acetoluide 
yields an acetamidobenzoic acid, C«H‘‘(NH.C'^H20)(C02H), which melts with 
partial decomposition at about 250°, and is converted by hydrochloric acid into tlio 
hydrochloride of paramidobenzoic acid (A. W. Hofmann, Bcr. ix. 1299). 

On the reaction of p-acetoluide with ^phosphorics jpentachloride, see EthenyUtolyl- 
amidines (p. 746). ^ 

o-Acetoluide dissolved in glacial acetic acid is converted by iodine chloride into 
mono-iod-o-aeetoluide ; p-Acetoluide, on the other hand, is not attacked by iodine 
chloride (see Iodotoluidines, p. 1999). 

Metahromorthacetoluide, C«.CH^NH(C2H30).Br.H^ formed by boiling metabrom- 
orthotoluidine (p. 1998) with glacial acetic acid for six hours, separates from aqueous 
solution in white capillary coral-like forms, which under the microscope appear to be 
made up of slender needles ; it melts at 156° (Grete, Ber. viii. 565). 

Benzotolaldes,or Tolylbenzamides, = CH3.C®H‘*.HH.C0.C'’H^ The 

pnrfl-modifieation, obtained by treating ^?-toluidine with benzoyl chloride (v. *872), 
melts, according to Kelbe {Ber. viii. 875), at 155°, and is easily resolved by boiliiK^ 
with alkalis into tolnidine and benzoic acid. By nitration it yields a mono- and a 
dinitp-compound, which may be separated by crystallisation from an alcoholic 
alkaline solution, the mononitro-eompound crystallising out first. This latter compound 
forms yellow needles melting at 143°. ^ It is insoluble in water, and is resolved by 
hydrochloric acid at 200° into benzoic acid and metanitrotoluidine, which crystallises 
from alcohol in red needles melting at 110°. By the action of hydrogen it is converted 
into anhydrodiamidcbenzotDhiide, a volatile, very stable basic compound which crys- 
tallises in colourless needles, melts at 232°-233°, is insoluble in water, but dissolves 
m alcohol and in aqueous potash. Its hydrochloride is easily decomposible, and only 
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sparingly soluble in cold water. The sulphate crystallises in red needles (Kelbe), 
0. A. Bell {Ber. vii. 1504) describes a nitrobenzotoluide obtained by the action of 
benzoyl chloride on nitrotoluidine (m. p. 77*5°). It crystallises in light yellow prisms 
melting at 172°, and is reduced by tin and hydrochloric acid to a benzoyltolylene- 
diamine which crystallises in colourless needles melting at 142°. 

Bbntrobenzoiolmdine forms colourless needles, easily soluble in alcohol and glacial 
acetic acid, melting at 186°. By heating with hydrochloric acid or with alcoholic 
potash at 150°, it is converted into a di nitrotoluidine, which dissolves in hot water, 
melts at 186°, and is converted by hydrogen into a base, G^H°(NH“)2NH.OC®H-\ 
which crystallises in grey opaque needles, soluble in alcohol and ether, and melting at 
182°-183°. Its sulphate contains 1 mol. water of crystallisation. Binitrobenzo- 
toluide is converted by hydrogen sulphide into an amidonitrobenzotoluidc, 
which crystallises in red needles melting at 137°~139° (Kelbe, loo. cit.) 

Bnizofhiotoluide, C®H\CS.NH(C'H^). See Thtamidrs (p. 1953). 


Biamldotoluenes, or Tolylenediamines, C^H®(NH^)" « 
C''H3(NH2)2.CH" (v. 872; vii. 1180). 

Paba-okthotolylenediamine, CH® : ; NH2= 1:2:4 (m. p. 99°), also 

called Metatolylenediamine. This modification is converted by boiling with excess of 
glacial acetic acid into a diacetotolylene diamine melting at 224°, which, when treated 
with cold fuming nitric acid, yields nitrodiacetolylenediamine melting at 253°, soluble 
in 300 pts. of boiling acetone, insoluble in alcohol and ether. This nitro-aceto-com- 
pound dissolves with decomposition in hot hydrochloric acid, and the solution on 
cooling deposits red crystals which, as well as the solution, are decomposed by 
ammonia, yielding a nitrotolyUnediamine^ which dissolves in hot water, and crystallises 
in yellow-red needles melting at 154°; dissolves also in hot dilute acids, forming 
easily decomposiblecrystallisable salts, and in hot alcohol. This nitrotolylenediamim*, 
treated with nitrogen dioxide or nitrous gas, yields a red, very stable amorphous body 
having the composition C^H®(NO“)(NH‘‘^)N®,C^iI‘*(NO^)(NH’-^)(NH). If the reaction 
takes place in an acid solution, there is also formed a colourless bye-product — 
probably a nitroethylcresol, which gives off nitrogen when boiled with alcohol. It 
crystallises in shining prisms ; is insoluble in water, but dissolves easily in alcohol ; 
volatilises with steam ; melts at 72°-73°, and boils at about 285° (Ladenburg, Ber» 
viii. 1209). 

When y>-o>tolylenediamine dissolved in alcohol is treated with aarhon bisulphide^ 
large quantities of hydrogen sulphide are given off, and on leaving the solution to 
digest for two days at the ordinary temperature, then evaporating it to a syrup, and 
exhausting with benzene, a yellow residue is left, soluble in alcohol, and on adding 
water to the alcoholic solution, a yellow crystalline precipitate is obtained, consisting 
of tolylene thiocarbamide, N-(C^H®)(CS)H'- (R Lnssy, Ber. viii. 291). 

(j)-o)-Tolylenediamiri6, treated with ethylchlorocarbonate, yields tolylene* 
urethane, which crystallises from alcohol in dazzling white silky needles 

melting at 137° : 

2C^H«(NH2)2 + 2(C1.C0.C2H®) = C"H«(]SrH®)2 2HG1 + C^H«(NH.CO.OC2HV‘. 

When a concentrated aqueous solution of (y)-o)-tolylenediaraine sulphate is mixed 
with a warm solution of an equivalent quantity of potassium thiocyanate, the solution 
then evaporated, the residue exhausted with alcohol, and the filtrate purified with 
animal charcoal and left to crystallise, a crystalline mass is obtained, which dissolves 
readily in water, and gives the thiocyanate reaction with ferric chloride. Hence the 
immediate product of the reaction is tolylenediamine thiocyanate, (CN.S)‘'^0’H‘^, but 
this salt soon changes, even without heating, into tolylenethiocarb amide, 

(Lussy, Bcr. vii. 1263). 

With furfural in presence of an acid, this tolylenediamine forms a metallically 
lustrous salt containing the elements of the two bodies minus the elements of water 
(H, Sehiff, Ber, xi. 830), (;p-c»)-Tolylenediamine reacts with salts oi par aditolyldiazin 
(azotoluene), so as to produce diamidoditolyldiazin, or the chrysoidiue of the 
toluene series, = C^H^N:izN.C’H^(NH®)®, which crystallises in stellate groups 

of orange-yellow needles melting at 183°, easily soluble in alcohol and ether, nearly 
insoluble in water. Its salts crystallise more readily than those of chrysoidine. The 
plaiinoohloHde has a crimson colour (see Chrysoidine, p. 470). 

Paba-meta-toltlenediamine, C®.CH®.H.NH2.NH2.H2 (also called O^tho- 
tolylenediamine), is obtained by reduction of w-nitro-j;-toluidino (vi. 1180), also 

6n2 
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together with acetic acid, by reductioii of m-nitro-^-trichloracetoluide with tin and 
hydrochloric acid (Friederici, IB&r, 3d. 1970): 

C«H»(OH«)(N02).NH.CO.COP + - 

C®H3(CH5)(NH2)2 2H01 + + H^-O + HGl 


This base melts at 89®. When treated in very dilute aqueous solution containing 
sulphuric acid, with a dilute solution of ‘potassium nitrite, it is converted into amid- 

azotolylene or amidotolylene-diazin, which crystal- 

lises from toluene in large prisms containing 118 per cent, toluene of crystallisation, 
melts at 83°, and distils almost without decomposition at 323® (Ladenburg, Ber. ix. 
219). 

Beaction of {p^yTolylenediamine mth Aldehydes . — The combination of 1 mol. 
(p-??i)-tolylenediamine and 2 mol. of an aldehyde, with elimination of 1 mol. water, 
gives rise to a class of bodies called tolualdehy dines, which have been prepared 
and examined by Ladenburg {Ber. xi. 590, 1656). 

Toluhenz 0,1 dehy dine, is prepared by heating the diamine with benz- 

aldehyde at 140®, and may also be obtained by heating the hydrochloride of the 
diamine with benzaldehyde, first at 100® and then at 130®, till hydrochloric acid 
ceases to be evolved. The crude product is dissolved in hot dilute hydrochloric acid, 
and the crystals which separate on cooling are decomposed by ammonia. The free base 
is soluble in alcohol, acetone and acids, and is deposited from an alcoholic solution, in 
transparent, monoclinic prisms which melt at 195'5°. In small quantities it sublimes 
without decomposition. The hydrochloride, C“*H^®N“,HCl,H-0, is but slightly soluble 
in strong hydrochloric acid, and separates out in long, needle-shaped crystals from a 
solution in the hot dilute acid. 


Toluhenzaldehydine Etkiodide . — Two kinds of crystals are produced by the union 
of ethyl iodide with the aldehydine, viz., thick prisms or tables, and long needles, 
both of which are soluble in water and in alcohol ; they have the same composition, 
and melt at 180®~1S1®. An alcoholic solution of iodine con- 
verts this compound into which crystallises in brown plates melting at 

123®. By the action of silver oxide on toluhenzaldehydine ethiodide an oily liquid 
is formed, the hydrochloric acid solution of which gives with platinum 
chloride a yellow’ crystalline precipitate of toliibe^izaldehydine ethylplatinochloridef 
(C'-^H“®N^Cl)“’PtCK Toluhenzaldehydine Methiodide, forms white 

needle-shaped crystals which melt with decomposition at 209®. 

Toluhenzaldehydine oxidised with potassium permanganate yields an acid which 
melts at 253’5®-254*5°, and probably consists of dihenzylideneamidohenzoic acid. 


Tolufnrf nr aldehydine, obtained by heating (y»-z>^)-tolylenedia- 

mine with furfural on the w’ater-hath— or better by the action of furfural on tho 
hydrochloride of (p-w)-tolylenediamine— crystallises in white silky prisms melting at 
128’5®, easily soluble in ether, alcohol, benzene, and toluene, sparingly in ligroin. 
The nitrate crystallises in needles ; the flatinochloride forms yellow crystals easily 
soluble in alcohol ; the sulphate crystallises from alcohol in prisms. 

Tolufurfuraldehydine methiodide, CH^I, obtained by treating the alde- 

hydine with excess of methyl iodide, crystallises in brilliant laminm having a bitter 
taste, very sparingly soluble in cold water, slightly more soluble in alcohol, and melt- 
ing at 195-5® The corresponding chloride forms colourless shining laminse easily 
soluble in water, and very poisonous ; the platinochloride is a yellow powder. On 
adding an alcoholic solution of iodine to an alcoholic solution of tolufurfuraldehydine 
methiodide, a tri-iodide, C*®H’^N-O^P, is formed as a yellow-brown crystalline pre- 
cipitate, and crystallises from hot alcohol in light-brown needles melting at 126®- 
128°. The alcoholic filtrate mixed with excess of iodine-solution deposits the 
pentiodide, in steel-blue oblique prisms melting at 100®. 

Toln-anisaldehydine, is prepared by adding anisaldehyde to a 

dilute aqueous solution of (p-m)-tolylenedi amine hydrochloride, with addition of a 
little alcohol, and may be separated from the hydrochloride by ammonia and purified 
by crystallisation from alcohol. It forms stellate groups of needles, very soluble in 
alcohol and chloroform, sparingly in light petroleum, melting at 162°-156°. 

(p-m)-Tolylenediainine and Salicylaldehyde, heated together at 110®, yield, not an 
aldehydine, but condensation-products, formed by combination of 1 mol.' of the 
diarSine and 3 mol. salicylaldehyde, with elimination of 3 mol. water, or of 2 mol 
diamine and 3 mol aldehyde, with elimination of 3 mol. water. The former com- 
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pouDd, crystallises from alcohol in stellate groups of needles which melt 

at lOS^-llO'^, and are converted by long boiling with hydrochloric acid into an amor- 
phous body which dissolves in potash-ley, forming a bine fluorescent liquid from 
which it is precipitated by carbonic acid. The second body, called 

asurioic, is obtained by heating the diamine with twice its weight of the aldehyde 
at 135°, and treating the product with hot dilute hydrochloric acid. The acid solu- 
tion is filtered ; the white amorphous precipitate thrown down on adding strong 
hydrochloric acid to the filtrate is dissolved in alcoholic potash and shaken up with 
ether ; the ethereal solution is evaporated to dryness ; and the residue is dissolved in 
water, precipitated by carbon dioxide, and reerystallised from amyl alcohol. Azuriue 
is characterised by the blue fluorescence of its solutions, and forms colourless tabular 
crystals soluble in amyl alcohol and acetone, melting at 250*5°. 

Met'henyl’-tolylenediamine^ formed by pro- 

longed heating of^-?M-tolylenediamine with formic acid, passes over on distillation at 
a very high temperature, and solidifies to a crystalline mass melting at 101° ; it has 
not, however, been obtained quite pure. Its hydrochloride is very soluble. The 
platinochloTide^ (C®H®N^HCl)‘'^PtCP, crystallises from water in yellow prisms 
(Ladenburg, Ber, x. 1123). 

EthenyUtolylenediamine, is formed on 

mixing ethylic acetoacerate and y)-m-tolylenediamine in molecular proportions. The 
temperature of the mixture sinks whilst the diamine dissolves, but afterwards rises, 
w'ater then separating out, and the mixture solidifying to a crystalline mass (m. p. 
82°), which has the composition and when heated to 116° splits up into 

ethyl acetate and ethenyltolylenediamine melting at 198^-199°. The reaction takes 
place by two stages as follows : 

(1). CH3.C‘5H3(NH2)2 + CH^.CO.CmcOOC^H^ = H‘-’0 

+ CH®.C<'H“<^^2>0(CH)®.CmCOOC=H“ 

^2). CH=.C»H3<;;^2l>C(Cff).CH=.C00C=H= = Cff.COOC^ff 

(Ladenburg a. Eugheimer, Ber. xii. 951). 

BenzenyL~-^-m-tolylcnedia,mine.O^ = CH'b 0. C“H\ — To 

prepare this compound, a flask containing a mixture of jL>-?/i-tolylenediamine and 
acetophenone in molecular proportions is gradually heated in an oil-bath to 180°, at 
which temperature it is kept for thirty-six hours, the loss of acetophenone by volati- 
lisation being made up by dropping in small quantities from time to time. The 
reaction is supposed to take place as follows : 

+ Off.CO.C'ff = + ffO + OH*. 

On exhausting the product with hydrochloric acid, a solution is obtained which, on 
cooling, deposits needle-shaped crystals of the hydrochloride of benzenyl-^-m-tolylene- 
diamine. The free base melts at 2-1:0° and is identical in its properties with the 
anhydro-base which Kelbe obtained from mononitrobenzotoluide (p. 2002) (Laden- 
burg a. Eugheimer, loo. cit.') 

B hthaly It olylene -diamines (E. Biedermann, Ber. x. 1160). — Mo 7 io- 
yhthaXyltolyle^iediamine^ Biphthalyltolylenediamhiej 

are formed by heating (y>o)-tolylenediamine with 

phthalie anhydride, with or without addition of phosphoric anhydride, strong sul- 
phuric acid, sodium acetate, or strong alcohol ; also by tlie action of phthalyl chloride 
on tolylenediamine hydrochloride. 

The monoyhtkalyl-hase crystallises in needles having a golden-yellow colour and 
silky lustre, and is best purified by repeated crystallisation from nitrobenzene. It 
melts at 192°, and is only very slightly soluble in hot water, but dissolves readily in 
hot alcohol and glacial acetic acid. Dilute hydrochloric acid at the boiling heat con- 
verts this substance into diphthalyltolylenediamine and a base, repre- 

sented by the' constitutional formula C’H®(NH.CO.C'*H^CO.NH.C^H^NH 2 ') 2 ’ ^his 
base is easily soluble in water, and is resolved by repeated evaporation with hydro- 
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chloric acid into phthalic acid and (p-o)-tolylenedianiine. Its hydrochloride is easily 
soluble, crystallises in rhomboidal laroinae, and forms a reddish-yellow platiuoehloride, 
C^^H"^Ns0^2H0I,Pt0K 

I>ijphthalyltolyle 7 iediamine, is quite insoluble in water and in alcohol, 

and separates from solution in glacial acetic acid, in small shining crystals melting at 
232°-233°. It resists the action of hydrochloric acid, but is gradually decomposed 
by hot soda-ley. 

{m-o)~Tolylenediamine (m. p. 80°) yields a monophthalyl-derivative melting at 
104:°, and a diphthalyl-derivative melting at 272°. Both are colourless. 

(1-0) Kydroxytoluenes, C®HXCH2).0H, Tolyl Alcohols. -^CresoU (pp. 
582, 1540). From the results of Tiemann a. Schotten’s experiments on the conrersion 
of cresols into hydroxytoluic aldehydes (p. 2027), it appears that coal-tar cresol is a 
mixture of the three isomeric cresols, ortho-, meia-, and yara. The three cresols are 
also present together in horse-urine in the form of suiphonic acids, and are produced 
by the dry distillation of vegetable matters: hence it may be inferred that they are 
produced in the one case as in the other by decomposition of the same plant-con- 
stitnent (0. Preusse, Zeitschr. 'physiol. Chem. ii. 365). A cresol (modification not 
stated) is formed by oxidation of toluene in presence of aluminium chloride (Friedel 
a. Crafts, Com.pt. rend. Ixxxvi. 884). 

According to Baumann a. Herter (Ber. ix. 138), cresol (commercial, or prepared 
from horse-urine), when given to animals in their food, is converted in the organism 
into a cresol suiphonic acid, which is eliminated in the urine. 

On the reaction of Cresols with chloroform and sodium hydroxide, see Hvdeoxt- 
TOLUic Aluehtdes (p. 2027). 

On their reaction potassium chlorate and hydrochloric acid, see Tolxjquinones. 

(0 — 1) Kydroxytoluene, or Benzyl Alcobol, C“H®.CH-OH. When boron 
is passed into this 'alcohol, hydrogen chloride is evolved, and dibenzoyl, 
is formed, together with benzyl chloride (Councler, Ber. x. 1655). 

Benzyl Acetate treated with sodium is converted into the benzylic ether of hydro- 
cinnamie or /3-phenylpropionic acid (p. 1068). In like manner benzyl butyrate, 
CH^OH-.CH“.COO.(3I12.C‘*H^, is converted by the action of sodium into the benzylic 
ether of'normal phenylvaleric acid, G®H®(CH2)‘‘.COO.CH'C®H®, which boils at 250° 
and yields phenylvaleric acid melting at 78° (Conrad a. Hodgkinson, x. 254). 

Ethylic Benzylacetoacetate (pp. 14, 317) is converted by saponification partly into 
methyl-phenylethyl ketone, OH®. CO.(CH^.CH2.C®H^), partly into dibenzylacetic acid, 
(C®H®.OH2)-OH.COOH, and acetic acid, perhaps thus : 

(1). CH®.C0.CH(CH2.C®H®).C0.0C®H® + H=0 ^ 0H®.CO.(OH®.CH'-.O«H®) 

+ HOC^H® + CO® 

(2). 2[CH®.CO.CH(CH®.C«H®).CO.OC®H1 + 4H®0 = CH(CH®.C®H®)®.COOH 
+ 3(CH®.COOH) + 2HOC®H^ 

(L. Ehrlich, Liebig's Annalen, clxxxvii. 11). 

Bar ahromobenzy I -compounds (Jackson a. Lowery, Ber. x. 1209). — The 
alcohol, C®H'‘Br.CH®OH, is most easily prepared by boiling parabromobenzyl bromide 
(p. 314) with water for some days, in a flask with reversed condenser. It is also 
obtained by heating parabromobenzyl acetate to 150° with aqueous ammonia. It 
forms long, colourless, elastic, flat needles, having a fine nacreous lustre and un- 
pleasant odour, melting at 69°, and dissolving easily in boiling water, alcohol, ether, 
benzene, and carbon bisulphide. 

The acetate, formed by heating the bromide with sodium acetate in alcohol, decom- 
poses when distilled, and has not yet been obtained pure. 

' The cyanide, C®H'^Br.CH®CN, obtained by boiling the bromide with alcoholic 
solution of potassium cyanide, is a crystalline body of strong disagreeable odour, 
melting at 46°, and dissolving easily in alcohol, ether, benzene, glacial acetic acid, and 
carbon bisulphide, but not in water. Heated at 100° with hydrochloric acid in sealed 
tubes, it is converted into parabromalphatoluic acid, C^H'^Br.CH®.COOH ; see 
Toluic acids (p. 2026). 

The thiocyanate, C®H'‘Br.CH®SCN, formed by boiling the bromide with potassium 
thiocyanate, crystallises in needles, melting at 25°, and dissolving very easily in 
alcohol. 

OrthobTomobemyl” compounds (Jackson a. Field, Ber. xiii. 1218). — The 
bromide, G®H^Br.CiI®Br, obtained by the action of bromine on boiling bromotolnene, 
is puiofied by distillation in vapour of hydrobromic acid; it crystallises in broad 
tablets melting at 30°. The alcohol, C^H'^Br.CH'-OH, is produced by the action of 
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aqueoub ammunid at 1 60® in a sealed tube, or of alcoholic potash on the acetate 
(formed from the bromide by means of alcoholic sodium acetat e) ; also by boiling the 
bromide for several days "with water. It crystallises from hot water, or better from 
ligroi'n, in needles melting at 80® ; sublimes readily, and distils with vapour of 
water. By potassium permanganate it is oxidised to o-bromobenzoic acid. The 
cyanide prepared from the bromide with alcoholic potassium cyanide, is, in the crude 
state, a dark-coloured oil. Heated with hydrochloric acid in a sealed tube at 130°, it 
is converted into bromophenylacetic acid, C^H'^Br.GH^COOH, melting at 102'5®-103° 
(see Toluic acids, p. 2027). The thiocyanate, C®H^Br.CH'^.SCN, is an oil which does 
not solidify in a freezing mixture. 

•g-Chlorobenzyl-co my ound s. — The chloride, C^.CH-Cl.H.H.Cl.H^, forms long 
white shining needles melting at 29°, having a pleasant aromatic odour, and acting 
strongly on the mucous membranes. It is very volatile, sublimes readily, dissolves 
easily in hot alcohol, also in ether, benzene, carbon sulphide, and glacial acetic acid. 
The bromide, 0®H^Cl.CH2Br, prepared from ^-chlorotoluene, melts at 48-5®, and boils 
at 225°-230®. Di-y-chlordbenzyl bromide boils at 280°-290® ; the corresponding 
chloride at 288®. Tri-y-chlorohenzyl chloride boils at 196° (Jackson a. Field, Ber. xi. 
904). Beilstein a. Euhlberg {Liebig's Annalen, cl. 286), by treating triehlorotoluene 
with chlorine at the boiling heat, obtained a trichlorobenzyl chloride boiling at 273® 
(vi. 282). 

•p^Iodobenzyl-comyounds. — The bromide, C®.CH“Br.H.H.I.H^, formed by 
Ideating _ 23 -iodotoluene in bromine-vapour, best between 115° and 150°, crystallises in 
white flat needles having an aromatic odour, and attacking the mucous membranes ; it 
melts at 78*75°, sublimes in needles, is insoluble in water, but dissolves readily in 
hot alcohol, ether, benzene, and carbon sulphide. The alcohol, C^.CH'OH.H.H.i.H'^, 
prepared from the bromide by boiling with water, or from the corresponding acetate 
by means of aqueous ammonia, crystallises from carbon sulphide in white scales 
having a silky lustre and unpleasant odour; it melts at 71*75°; dissolves readily in 
alcohol, ether, benzene, and carbon sulphide. The cyanide, O^HH.CH^CN, prepared 
from the bromide, crystallises in white nacreous plates melting at 50*5°, insoluble in 
water, easily soluble in alcohol, ether, carbon sulphide, and benzene. Heated at 100® 
with fuming hydrochloric acid, it is converted into iodophenyl acetic acid, 
C^HH.CH^.OOOH (see a-XoLuic acid). The thiocyanate, C“HH.CH''*.SCN, is obtained 
from the bromide by means of potassium thiocyanate, as an oil which gradually 
solidifies, but after purification by crystallisation from alcohol, it forms long white 
shining plates melting at 40°. It has a disagreeable odour, is moderately soluble in 
hot alcohol, easily in ether, benzene, carbon sulphide, and glacial acetic acid (Mabery 
a. Jackson, Ber. xi. 55). 

TOX.UEXO'BS'iri.PKOSrxC ACXBS, C»H4(CH3)S03H. The three toluene- 
sulphonic acids (<?-, m-, and y~) are formed, together with the corresponding chlorides, 
by treating toluene (1*12 pt.) cooled to 10® with sulphuric hydroxychloride (2*8 pts.), 
the reaction taking place according to the following equation : 

2C^H« + 3S02C1(0H) - C^H^SO^H + C^H^SO^Cl + H^SO** + 2HC1. 

The best mode of proceeding is to pour the toluene by successive portions into the 
cooled sulphuric hydroxychloride. The mixed sulphonic chlorides may be separated 
from the rest of the product by pouring the whole into ice-cold water ; and on cooling 
these mixed chlorides to — 20®, the jp«ra-compound separates in the solid state, while 
the ortho- and meta-compounds remain liquid. These chlorides may be converted 
into the corresponding amides, which may be separated by fractional crystallisation. 
Tolueneparasulphonic acid is obtained from the corresponding, chloride, purified by 
crystallisation firom ether, by boiling it with water ; the ortho- and meta-acids by 
heating the corresponding amides with hydrochloric acid, the former at 135®~140°, 
tbe latter at 150° (Claesson a. Wallin, Ber, xii. 1848). 

The table on p. 2008 exhibits the properties of several salts of the three acids thus 
prepared, and of the corresponding amides. 

The three toluenesulphonic acids are also produced by the action of sulphurous 
acid on the corresponding diazo-compounds (F. Muller a. Wiesinger, Ber. xii. 1348). 
The meta-add is further obtained by debromination of the j:)-bromotoluene-w-sulphonic 
acid, CH* : SO^H : Br=l : 3 : 4, produced by the action "of fuming sulphuric acid 
at 160°-180® on ^-bromotoluene ; also by dechlorination of the orthochloro- 
toluenesnlphonic acid described by Hiibner a. Majert (p. 2013). 

The following salts and derivatives of the meta- and ortho-sulphonic acids are 
described by Hubner a. Post {Liebig's Annalen, clxix. 1-69), the description-*of the 
salts differing in several instances from those given by Claesson a. Wallin. 
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Para 

Meta 

Ortho 

C^H^SO^H + H-0. 
Crystallises better than the 
isomerides. Long thick 
leaflets, or flat prisms. 
Deliquescent. 

C’H’SO’H 4- H-0. 
Thin crystalline scales. 
Very soluble and deli- 
quescent. 

C’S^SO^H + 2ffO. 
Thin leaflets. Very easily 
soluble. Deliquescent. 

C'H'SO^K + H^O. 
Long prisms, like nitre. 
Soluble. 

C^H'SC^K 4- H"0. 
Needles or thin plates, 
united to form nodules. 
Very easily soluble. 

C^H’.SO^K 4- H'-'O. 
Tables of rhombic or almost 
quadratic habit. Soluble. 

C’H^SO^Na + SH'-'O. 
Eeetangular plates; easily 
soluble. 

C’HWNa + H-0(?) 
Long leaflets, very soluble. 

C^H^SO^Na 4- H^O. 
Plates, easily soluble. 

C^H’SO^Ag, 

Long plates, easily soluble. 

C^H’SO^Ag. 

Long leaflets, very soluble. 

C^H^SO^Ag. 

Plates, easily soluble. 

(G’H’S03)-Ca 4- 4H20. 
Crystallises well in ap- 
parently monoelinic 

prisms. Easily soluble. 

(C^H’S0=')2Ca 4- 3H20. 
Long flne needles ; very 
easily soluble. 

(G'’H^SO»)=Ca. 
Separates from its solutions 
on cooling, in leafy 
crystals. 

(C’H’SO=*)2Ba 4- H'O. 
Tufts of slender needles. 

1 pt. dissolves in 4*8 pts. 
water at 12°. 

(C‘H^S03)2Ba 4- H^O. 
Crystallises indistinctly. 

1 pt. in 4*4 water at 12°. 

(C^H^SO«)'-^Ba + H-0. 
Thin laminae. 1 pt. in 26 
water at 12°. 

(O^H^SO=^)2Pb. 

Long needles, moderately 
soluble. 

(C^H’SC^)2Pb 4- SH^O. 
Eectangular plates, easily 
soluble. 

(C^H^S03)-Pb 4- H-^O. 
Crystalline scales, sparingly 

1 soluble. 

(0’H’S0=)=Mg + 6H=0. 

(0’H^S03)2Mg 4- SH^O. 

(C’H’SOs)'^Mg + 7H'-0. 

(C^H’S03)2Zn 4* eH'-'O. 
Four-sided pointed prisms. 

(0'H’S0’)=Zn + 7H“0. 
Eectangular leaflets. 

(C’H’SO^fZn + 7H20. 
Large prisms. 

(C’H;'SO»)-Cd + 6H=0. 
Large rectangular plates. 

(O^H^SO^Cd 4- 5H20. ! 
Small oblique-angled plates. 

(C’H^SO=')‘^Cd 4- 2H20. 
Small rectangular plates, 
very soluble. 

(C’H"SO»)'-Mn + 6H=0. 
Large rectangular plates. 

(C'H’SO'>)2Mn + 7H=0. 
Plates, or radiating tnfts. 

(C'H’'SO»)'^Mn + 2ffO. 
Square plates. 

(0'H^S03)20u 4- eH^o. 
Needles and oblique-angled 
plates. 

(C^H^S03)2Cu 4- 4H20. 
Leaflets. 

(C’H'SO’)=Cn + 4ffO. 
Six-sided leaflets. 

O^H^SO^NH'^. 

Crystallises from water and 
alcohol in leaflets. Spar- i 
ingly soluble in water ; 
more so in alcohol, 1 pt. 
amide in 515 pts. of water 
at 4°, or in 13'5 pts. of 
alcohol at 5°. M. p. 136°. 

1 

G^H’SO^Nm 
Crystallises from alcohol 

1 and water in long, leafy 
forms. Sparingly soluble 
in -water; more so in 
alcohol. 1 pt. amide in 
248 pts. water at 9°, or 
in 5*7 pts. of alcohol at 
5°. M. p. 107°-108°. 

O^H^SO^'NH^. 

From water and alcohol 
in quadratic octohedrons 
and prisms. Insoluble in 
cold water ; sparingly 
soluble in alcohol. 1 pt. 
amide in 958 pts. water 
at 9°, or in 28 pts. of 
alcohol at 5“. M. p. 
153°~154°. 
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Tfiluenemetasiilphonic acid, — The barium salt, 

[0‘*H-‘(OH^)SO®]^Ba f '2WO, is very soluble in water and alcohol, and forms a crys- 
talline powder. The lead salt, [0®HXCH®)S0^]-Pb + 2H20, crystallises from a concen- 
trated aqueous solution in thin plates grouped in rosettes, and from absolute alco- 
hol in long needles. The calcium salt, [C®H‘*(CH^)SO®]‘'^Ca, is very soluble in water. 
On heating a concentrated alcoholic solution, the. salt separates in small glistening 
plates, which redissolve on cooling. The sodium salt, C®H'*(CH^)SO®Na-f- l-H-O, is 
very soluble in water, and crystallises from absolute alcohol in large shining plates. 
The potassium salt, G®H^(GH^)SO®K + ^H^O, is a similar compound, crystallising 
from alcohol in plates resembling naphthalene. 

Metatoluenesulphonio chloride, C°B[‘*(CH®)SO-Cl, is a limpid pale-yellow liquid, 
having a penetrating smell. It does not solidify at — 10°, and is not decomposed by 
water even at 130°. Ammonia converts it into C®H^(GH®)SO*.lSrH-, crystallising 
from water at 40° in large plates, and at 20° in thin needles melting at 90°-91°. 

Metatolyl sulphydrate, G®B['‘(GH^)SH, is formed by acting with tin and hydrochloric 
acid on the chloride. It is a heavy refractive liquid, having a powerful smell, and 
attacking the skin. Boiling dilute nitric acid converts it into the disulphide, 
[C®H^(GH^)S2], an oily liquid boiling at about 150°. 

TolueneortliGsulphonic acid, G^.CH^.SO^H.H^ obtained by the action of 
water and sodium-amalgam on /3-parabromotoluenesuiphonie acid, forms very soluble 
salts. The lead salt, (C’H^SO^)-Pb -h 4H20, crystallises in needles. The barium salt, 
(C^H^SO®)-Ba + 4H-0, and the potassium salt, G^H^SO^K + H^O, form monoclinic 
plates ; the anhydrous sodium salt crystallises in needles. The chloride, G^H^SO'-^.d, 
is an oily liquid. The amide, which is freely soluble in water, alcohol, and ether, 
crystallises in monoclinic plates melting at 152°-153°. 

Orthotolyl Sulphydrate, 0®. GH^.SH.H‘*, prepared by treating the chloride of the 
brominated acid just described with tin and hydrochloric acid, and the resulting 
bromotolyl sulphydrate with sodium-amalgam and alcohol, crystallises from alcohol 
in soft glistening plates insoluble in water. Its lead salt, [G®H^(CH®)S]'Pb, is a bright 
brick-red precipitate which readily absorbs oxygen and turns white (Hiibner a. Post). 

Tolueneparasulphonic acid, G®.GH®.II.H.SO®H!.H^ is converted by fusion 
with sodium formate into paratoluie acid, the reaction being similar to that by 
which terephthalic acid is formed from pai'asulpho benzoic acid: C^H^.SO®H + 
GHNaO- = C®H®02-t-SO®HNa. The yield is small, but paratoluie acid is the only 
product (Remsen, Ber. viii. 1412). 

Toluenedisulphonic Acids, C®H®(SO®H)-.GH®. The table on p. 2010 exhibits 
a comparison of the properties of the a- and j8-disulphonic acids obtained by Hakansson, 
and the y-acid by Senhofer (vii. 1170, 1171). 

Gnehm a. Ferrer prepare {Ber. x. 542) toluenedisulphonic acid by adding 1 pt. of 
toluene by small portions to 3 or 4 pts. of sulphuric anhydride melted in a capacious 
flask by means of hot water ; then heat the mixture to 150°-180° for two hours, and 
ultimately for a short time at 200°. The dark syrupy liquid thus formed contains a 
disulphonic acid which appears to be identical with Hakansson’s a-acid. The same 
acid is formed on passing the vapour of toluene into sulphuric acid heated to 240°. 

Bromotolueuesulphonic Acids, C®H®Br(SO®H)CH® (Hiibner a. Post, Liebig's 
Annalen, clxix. 1-69). (1). Parabromotoluene dissolved in fuming sulphuric acid, 

either at a temperature not exceeding 80° or at 160°-180°, yields t\vo monosulphonic 
acids, distinguished as a and )S, the constitution of which is as follows : 

CH» SO»H Br 
a-acid . . . . 1 : 3 ! 4 

i8-acid . . . .1:2:4 

The two acids may be separated by recrystallisation of their barium salts, that of the 
a-acid being much more soluble than the iS-salt, 

a-BarabromotoUtene’-sulphonic acid is a very soluble, crystalline laminated 
mass. The barium salt, [G®H®Br(GH®)SO®]2Ba + 7H-0, forms colourless, w'ell-defined, 
long and compact rhombic needles. The lead salt, [C®H®Br(GH®)SO®]2Pb + 3H-0, is 
obtained from a concentrated solution in long needles, which, when reerystallised 
from a dilute solution, are converted into small, light yellow, compact rhombic plates. 
The strontium salt, [G®H®Br(GH®)SO®]”Sr -i- 7H20, crystallises in hard, four-sided 
pyramids. 

The a-amide, G®H®Br(GH®)SO“.NH2, obtained by treating the impure chloride of 
the acid with solid ammonium carbonate, and then adding concentrated ammonia, 
dissolves sparingly in cold water, freely in alcohol, ether, and hot. water, and crystal- 
lises in long, soft, silky needles, melting at 151°-152°. ’• 
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Free acid 

a-Acid 

^'Acid 

•y-Acid 

Viscid ; bears a heat 
of more than 100° 
without decom- 
position. 


Viscid, mixed with 
crystals ; decom- 
posed at the heat 
of a water-bath. 

Potassium salt . 

Firmly coherent 

crusts ; crystals 
with faces curved 
like a weaver’s 
shuttle ; contain- 
ing 1 mol. H^O, 
which is scarcely 
given off at 160°, 
certainly not at 
110° 

Nodular groups of 
microscopic crys- 
tals. 

Short, well-defined 
prisms containing 

1 mol. H^O ; giving 
off water and be- 
coming opaqne* on 
exposure to the 
air. 

Ammonium salt . 

Beautiful limpid six- 
faced prisms or 
tablets, containing 

1 mol. H“0. 

Small thin tablets. 

Easily soluble 

needle - shaped 
crystals, often ap- 
pearing crossed. 

Barium salt. 

Crystallises with 
difficulty in small 
prisms, containing 
at 17° 1*33 pt. 
water to 1 pt. salt ; 
at ordinary tem- 
peratures to 2, 
at 100° f mol. 
water. 

Indistinctly crystal- 
line crusts, con- 
taining 1 mol. 
H-0 ; the solution 
at 15° contains 
11*66 pts. water 
to 1 pt. salt. 

Easily soluble crys- | 
talline pulp ; in 
the air-dried state 
it contains 3|H'0. 

Cadmium salt 

Badio-crystalline 
mass, or long 
slender needles. 

— 

Easily soluble 

gummy mass. 

Silver salt . 

Colourless, rather 
large crystals , with 
curved faces. The 
only anhydrous 
salt. Blackens 

slightly when ex- 
posed to light. 


Yellow crystalline 
deposits, gradually 
blackening when 
exposed to light,- 
contains 2 mol. 
H®0 ; difficult to 
obtain in the 
anhydrous state. 


a.’-Mtro-^-hromotolumesulpJionic acid, C®H2Br(N02)(CH®)S0^H, produced by addiu^y 
the anhydrous barium salt to warm fuming nitric acid, crystallises in small, pale- 
yellow, deliquescent needles, and forms very soluble salts. Its harhim salt 
[0«H2Br(N02)(CH’’)SO^]2Ba + H'“O, separates by slow evaporation in thin yellow 
needles, and from a concentrated solution in crystals resembling sal-ammoniac. The 
lead salt, [C®H“Br(flO-)(CH®)SO®]-Pb crystallises in colourless, glistening 

octohedrons, or sometimes in needles, which also contain water, but are more soluble in 
alcohol than the octohedrons. . The strontium salt, [C®H2Br(N0“)(0H^)S03]-Sr + 5H-0 
crystallises in thin, fan-shaped needles. The sodiitm salt, C®H2Br(N02)(0H3)S0^Na' 
forms long and very thin needles. ’ 


a~Parahromosid;phohm 0 oieacid, is preparedby boiling potassium a-parabromotoluene- 
sulphonate with a chromic acid solution. On concentrating the solution the salt 
C®H3Br(C0-H)S03K -i- H-0 crystallises out in thin needles. The barimn salt, 

crystaUises in thin, glistening plates; the salts 

5(^0'/ nBTTsD„^00“| I 


C^H^Br 


1 303 ( SO® I 2H-0 form small needles. 


B-Parabromotohtenesulphojiic acid is readily soluble in water and alcohol, 
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sparinsly in ether, and forms a crystalline laminated mass. It is not converted into an 
isomeric modification by heating it to 21 0°. Its barium salt, [C«B[3Br(CH®)S03]2Ba + H-O, 
crystallises, when a dilate solution is slowly evaporated, in hard, compact plates, and 
from a concentrated solution in very thin and brilliant plates. If it be mixed ** 

with one of the isomeric salts, or with the calcium salt, it separates from a concen- 
trated solution as a white powder. The lead salt, [C®H^Br(CH®)SO®]2Pb + SH^O, 
crystallises in silky, stellar needles. The caldiim salt, [G®H®Br(CB[^)SO^]-Oa + 42^0, 
is" very soluble, and forms either thin, long rhombic needles, or compact plates. 

The sodium salt, C®H®Br(CH*)SO®Na H-0, ciystallises in thin, transparent, four- 
sided prisms. The magnesium [C®H®Br(CE[®)SO®]^Mg+ SJH^O (?), forms soft, 
silky tufts, and [C®H^Br(CH^)SO^] -Sr + H^O thin plates. The coffer salt, 
[G®H®Br(CII^)SO®]2Cu + TH^O, crystallises in large, pale-blue plates. 

The ^-chloride, C®H^Br(CH3)S02Cl, obtained by the action of phosphorus penta- 
chloride on the acid or its sodium salt, crystallises from chloroform in plates, melting 
at about 35°, and having a peculiar smell. 

The ^-amide, C®H®Br(CH®)SO-.NH2, crystallises from w^ater in long, slender, 
glistening needles, melting at 166°-167°. 

fi-Mtrobromotoluenesulfhomo acid, C®B[-Br(N02).CH®)S02H, formed by adding 
dry j8-parabromotoluenesulphonie acid to warm fuming nitric acid, crystallises 
from ether in deliquescent scales, having a very bitter taste. Its barium salt, 
[C®H2Br(N02)(CH®)S0®]-Ba-{-2H20, crystallises in warty needles. The lead salt, 
[C®H®Br(N0®)(CH®)SO®pPb + 3H2O, separates from solution in ether-alcohol in thin, 
colourless needles. The coffer salt, [C®E[®Br(lSrO®)(CH®)SO®]®Cu + 6H-0, forms 
microscopic, four-sided green prisms. The^ silver salt, C®H®Br(]srO®)(OB[®)SO®Ag, 
is a precipitate consisting of glistening scales. The strontium salt, 
[C®H®Br(N02)(CH®)S0®]®Sr + 7H-0, dissolves freely in water and alcohol, and forms 
small yellow needles. The sodium salt is very soluble, and could not be obtained in 
distinct crystals. 

Q-ParahromosUilfhobenzoic acid, C°H®Br(SO®H)CO®H. — When )8-parabromotoluene- 
sulphonic acid is boiled with chromic acid mixture, a large portion is completely 
destroyed, while another is slowly oxidised to the corresponding benzoic acid, which 
forms a deliquescent mass, and yields very soluble salts. The barium and calcium 
salts consist of microscopic plates. 

Orthohromotoluene-metasulfhonic acid, OH® : Br : SO®H =1:2:3 or 
1:2: 5. — Orthobromotoluene, gently heated with fuming sulphuric acid, yields only 
one sulphonic acid, the barium salt of which, when ^treated with sodium-amalgam, 
yields we 2 ‘<z-toluenesulphonic acid : hence the constitution of the orthobromosulphonic 
acid must be represented by one of the formulae above given, but the reactions hitherto 
studied do not enable us to decide between them. The salts of this acid crystallise 
well, and do not give off their water of crystallisation till heated above 100° ; only a 
few of them give it off over sulphuric acid. The bariuni salt, [C®H®Br(CH®)SO®]®Ba + 
2H®0, forms rhomboidal plates ; the strontium salt is a very similar body. The 
calcium salt crystallises very slowly from a concentrated solution in compact rhombic 
six-sided plates containing 2H®0. The lead salt crystallises, with 2H‘-0, from very 
strong solutions in very thin small plates, and from a dilute solution in tufts of 
needle-shaped crystals. The sodium salt, C®E[®Br(CB[®)SO®Na + forms well- 

defined brilliant rhomboi'dal plates. The fotassium salt crystallises, also with jH^O, 
in plates or short thick white needles. The cofper salt is very soluble, and crystal- 
lises in very thin light-coloured plates ; the zinc salt in small glistening needles ; the 
magnesium salt in small scales. 

The chloride, 0®H®Br(CH®).S02Cl, prepared by treating the dry sodium salt with 
phosphorus pentachloride, forms a crystalline mass, consisting of needle-shaped 
crystals, and having a pungent smell. It crystallises from ether in large plates, 
melting at 52°-53°. It is but slowly acted upon by caustic soda or boiling water, 
dissolves sparingly in concentrated sulphuric acid, and without change in fumicg 
nitric acid. . At 250° it begins to boil, and at 260° it is decomposed into charcoal, 
sulphur dioxide, and C“H®BrCl(0H®). When heated with water at 200° for several 
days, it is reconverted into orthobromotoluene-sulphonic acid, no isomeric modification 
being formed. 

'The amide, C®H®Br(CH®)S02.NH2, is sparingly soluble in cold water, more freely 
in boiling water, very readily in alcohol and ether, and crystallises in long glistening 
needles, melting* at 133°-134°, and boiling, with decomposition, at about 290°. 

. Orthohromotolyl sulf hydrate, 0‘’'H®Br(OH®)SH, is formed by boiling the chloride 
with tin and hydrochloric acid. It is a refractive limpid liquid, having a peculiar 
smell, and boiling with decomposition, hut volatilising with steam. The lead^alt is 
a bright yellow precipitate. On heating the sulphydrato with dilute nitric acid, or 
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acting on the sodium salt with alcoholic iodine, the disulphide, (0®H'*Br(CH^)S)-, is 
formed, crystallising from alcohol in small needles, and from a mixture of xylene and 
alcohol in long needles melting at 56^-58°. 

OrthohroMmUrotolv>enes‘idphoniG acid is a deliquescent mass, readily soluble in 
alcohol and ether. The free acid, as well as its salts, has a rery bitter taste. The 
following four salts crystallise from water in microscopic but well-defined crystals ; 
[C6H2Br(N02)(CH-^)S03]-Ba + 2 ^ 0 , 
'GfiH2Br(N02)(CH3)S0«]Pb + 

G«H2Br(N02)(GH")S0^]-’Ca 

G«H2Br(N0-)(0H«)S0»K 

C®H-Br(lSrO-)(0H^)SO®Na + H2O crystallises in tufts of long needles, and is less 
soluble in water than the preceding salts. 

Orthohromosulphohenzoic add, C®JB[®Br(SO^H)CO-H, was prepared by oxidising 
the barium salt of the corresponding toluenesulphonic acid with chromic acid solution. 
Its potassiim salt, C®H^Br(CO^H)SO^K + crystallises from water in thin plates 

resembling naphthalene. The 5a;r^w»^ C®H^Br|gQ 3 |Ba + 2H®0, separates, on 

adding alcohol to the concentrated solution, in tufts of glistening and very thin 
needles. When treated with sodium-amalgam it yields toluene-metasulphonic acid. 

The saZzJ, C®H^Br|gQ 3 |Pb + 2H20, forms small white glistening needles; the 
calcium salt is very soluble, and forms long silky needles. 


OrtliohT 07 notolueiieparasulp}iomc acid, CH^ .* Br : SO^H = 1:2:4, is 
formed by the action of hydrobromic acid on the diazo-eompound, pro- 

duced by passing nitrous gas into a mixture of equal volumes of water and alcohol in 
which orthotoluidine-parasulphonic acid is suspended (p. 2017). Its potassium salt, 
C^H^BrSO^K. forms nodular groups of microscopic very soluble needles. The barium 
(0’H‘*BrSO^)-Ba+2H-O, crystallises in irregular microscopic pLites, which dis- 
solve sparingly in cold water, and do not give off their water over sulphuric acid. 
The lead salt, (C’H®BrSO®)’''Pb + 2-i-H-O, forms nodular masses without recognisable 
crystalline form. It dissolves sparingly in cold w'ater, and gives oif part of its 
crystallisation- water over snlphurie acid. The chloride melts at 54° ; the amide 


separates from hot water in microscopic prisms which melt at 151°, dissolve sparingly 
in water, easily in alcohol (Hayduck, Liebig^s Annalen, clxxii. 206). 


Nitro-orthobromotoluene-parastilphonic acid, C®.CH®.Br.NO-.SO®H.H.H 
or C®.CH®.Br.H.SO^H.NO^.H, is formed by the action of hydrobromic acid on the 
nitro-diazotoluenesulphonic acid obtained by adding orthotoluidine-parasulphonic acid 
to cold fuming nitric acid (p. 2017) ; also by nitration of orthobromotoluene-p-sulpbonic 
acid. It remains on evaporation as a compact mass of microscopic needles easily 
soluble in water and in alcohol. The barium salt, [G’H®Br(NO-)SO®]‘^Ba + 3H-0, 
crystallises in tufts of needles which have a satiny lustre, are sparingly soluble in 
cold, easily in hot water, and do not give off any water over sulphuric acid. The 
chloride, crystallises in microscopic needles; the amide, C’H’^Br(NO‘^)SO“NH2, separates 
from alcohol in long needles easily soluble in water, sparingly in boiling alcohol. 
Both these compounds when heated decompose without previous fusion. 

The nitro-aeid is converted by ammonmm. sulphide into an amidortbobromotolueiie 
parasulphonic acid — obtained, however, only in an impure and amorphous state— 
which is converted by sodium-amalgam into metatoluidine-parasulphonic acid 
OH® : NH2 : SO®H -1:3:4 (Hayduck). ^ 


Tribr omotoluene-p arasulphonic acid, OH® : Br : Br : SO®H : Br - 
1 : 2 : 3 : 4 : 5 or l : 2 : 3 : 4 : 6, is obtained by evaporating diazotoluene -para- 
sulphonic acid with hydrobromic acid, as a yellowish deliquescent mass. Its 
barium salt, (C^H^Br®SO®)“Ba-{- 1^H®0, crystallises in white nodules very slightly 
soluble in water ; the potassium salt, G^H'‘Br®SO®H, in dazzling white needles, veiy 
soluble in hot, much less soluble in cold water. The chloride is an uncrystallisable 
viscid oil ; the amide, a reddish non-crystalline powder, nearly insoluble in boiling 
water (Hayduck, Liebig's Annalen, clxxiv. 354). 


Metabromotoluenesulphonic a id— The action of sulphuric acid on meta- 
bromotoluene might give rise to four isomeric acids, viz., CH® : Br : SO®H==l : 3 : 2 
1 : 3 : 4, 1 : 3 : 5, and 1:3:6; and, according to Wroblewsky (vii. 1172), three of 
these are actually produced. Grete, on the other hand (Bcr. vi. 790 ; viii. 565 * 
Liebig's Annalen, clxxvii. 233), finds that this reaction gives rise to only one sulphonic 
acid, tjse salts of which exhibit the following characters The barium salt, 
(C’H®BrSO®)®Ba, crystallises in laminae resembling naphthalene (Wroblewskrs 
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iS-salt), the first and last crops of crystals being exactly alike. The strontkm salt, 
(G^H®BrSO^)^Sr+H^O, forms nodular groups of short triangular colourless laminse, 
hygroscopic in the anhydrous state. The calcium salt, (C'H®BrSO*)^Ca+ 22^0, 
crystallises in large, transparent, shining, six-sided prisms, often flattened to long 
six-sided plates, which under the microscope are seen to be of rhombic form and very 
sharply defined.. .The anhydrous salt is scarcely at all hygroscopic. The magnesium 

, (C"II‘^BrSO^)2Mg -1- 6H-0, crystallises in concentrically radiate groups of snow- 
white shining needles which do not give off their water till heated above 200'^. In 
is very soluble and extremely hygroscopic. The cojpjper salt, (O^H®BrSO'*)“Cu -1- 4H”0, 
forms pale blue rhombic tablets often grouped in rosettes. Its neutral solution has 
a fine green colour, and the solid salt, when dehydrated at 220°, acquires a splend’d 
dark green colour changing to light green on cooling. At 250° it turns brown. The 
lead salt, (C^H®BrSO®)-Pb + 3H^O, has the aspect of potassium chlorate, and appears 
under the microscope to consist of sharply defined tablets grouped in rosettes. The 
<potassium salt is extremely soluble in water, and is precipitated from the solution 
by alcohol as an oily liquid which solidifies on trituration to a crystalline mass. 
When fused with potash it yields salicylic acid (Grete). 

A hromotoluenemetasulphonic acid is formed by the action of alcohol underpressure 

on the diazo-compound obtained from bromoparatoluidine-meta- 

sulphonic acid (p. 2021), and forms, after purification, a colourless crystalline mass. 
Its potassium salt, C^H®BrSO^K, crystallises from a moderately dilute solution in fine 
prisms. The barium salt, 2(C^H®BrS0®)-Ba + 7H20, forms long thick needles slightly 
soluble in cold water. The lead salt, (C^H®BrSO^)‘-^Pb -i- 3H-0, crystallisl3s from hot 
water in groups of long needles, sparingly soluble in cold water. The chloride melts 
at 53° ; the amide at 134° (v. Pechmann, Ber. vii. 1718). • 

dilorotoluenesulplionic iicids, C'H’ClSO* = 0®H®C1(S0®H).CH®. Prom the 
mixture of chlorotoluenes produced by passing chlorine into toluene in presence of 
iodine, Vogt a. Henniger obtained, by the action of fuming sulphuric acid, two iso- 
meric chlorosulphonic acids (vii. 878, 1172), and more recently Hiibner a. Majert 
{Ber. vi. 790) have in like manner obtained three chlorotoluenes ulphonic acids, which 
may be separated by means of their barium salts. 

Orthochlorotoluenesul'pJionic acid. — The potassium salt of this acid, 
C'H®01S0^K + ^H-0, crystallises in large colourless quadratic tables, truncated at 
the summits, and having a nacreous lustre ; becomes anhydrous at 100° ; is more 
soluble than either of the three preceding salts. The sodium salt resembles the 
potassium salt in appearance and in its amount of water, but is more soluble. The 
ammonium salt, C^H^CISO^^NH** -h H-0. forms rosettes of dull colourless needles. The 
barium salt, (C”H®01SO®)"Ba -t- 2H20, forms small, somewhat elongated lozenge-shaped 
laminae’; often with truncated summits, and usually grouped together by their narrow 
edges. They have a strong lustre when dried, and become anhydrous at 180°. The 
calcium salt, (C'H®ClSO^)-Ca -i- 2H-0, forms radiate groups of long flat crystals, 
truncated at the ends. The lead salt, (C'^H®ClSO'*)“Pb + 2H-0, forms rosettes of short 
compressed needles, truncated at the ends, and having a strong lustre. The copper 
salt, (C'H®ClSO^)Cu-i-^H-0, forms well-defined thick blue crystals of the regular 
system. The eitp>ram7nonium salt forms small regular crystals of a splendid dark blue 
colour. 

This chlorotoluenesulphonic acid yields by oxidation an orthochlorosiilpho- 
benzoicacid, the acid potassium salt of which, C®H'*C1(S0^K)(C02H) + H-0, crys- 
tallises in felted groups of slender asbestos-like needles ; the normal barium salt, 
C®H^Cl(SO^BaC02) -f 2H‘0, in indistinct stellate groups of small needles; and the 
9 iormal lead salt, C®H***Cl(SO^PbCO“)-j- 2H^O, in indistinct nodules. 

By the action of sodium-amalgam, the orthochlorotoluenesulphonic acid is con- 
verted into toluenemetasulphonic acid (p. 2008). Hence its constitution must be 
CH^ : 01 : SO^H- 1 : 2 : 3 or 1 : 2 : 5. 

a-Barachlorotoluenesulphonic acid. — The barium salt, (C'II®ClSO^)^Ba -f- 
forms long pointed needles which on recrystallisation yield groups of small 
highly lustrous laminse wuth truncated summits. It dissolves in 7 pts. water at 14' 5°. 

sodium salt, C’H®ClSO^Na + 5H-0, forms long pointed needles, or small highly 
lustrous elongated quadrilateral crystals with truncated summits. 

^-Barachlorotoluenesulphonic acid. — The potassium salt, C^'H^CISO^K 
H^O, crystallises only from very strong solutions in delicate colourless needles having 
a silky lustre ; it readily forms supersaturated solutions. The barium salt, 
(C^H®ClSO®)‘^Ba + BL^O, forms thick amber-yellow nodules or transparent crystalline 
crusts or colourless microscopic lammse. The calcium salt, (6H^O), forms routes of 
small truncated tables or small elongated efflorescent laminse. The lead salt, (8II-0), 
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forms rosettes of snow-white needles. The copper salt, (7H-’0), forms large light bine 
brittle lamina. The cwprammonium salt forms crusts of small thick crystals having a 
deep indigo-blue lustre and efflorescing in the air. 

The barium salts of the ortho- and of the /3-para chlorosiilphonic acid agree in 
crystalline form and amount of water with the corresponding salts of the brominated 
acids. 


Xodotoliienesulptionic .a.clds. Paraiodotoluene, like the corresponding 
bromo-compound, when treated with sulphuric anhydride, yields two isomeric sul- 
phonic acids. 

^-JParaiodotoltienesulpJionic acid, C®H.®(0H^)I.S0^H, is prepared by very 
gradually mixing paraiodotoluene with the calculated quantity of sulphuric anhy- 
dride, both dissolved in chloroform. It is a colourless, deliquescent, crystalline mass, 
which does not give up any iodine to caustic soda-solution at 200°. Its potassium 
salt, 0'HT.S0®K + forms shining, very soluble laminae. The sodium salt, 
C’H®I.SO*Na + ^H^O, forms dense aggregates of whetstone-like very soluble crystals. 
The (C^HTSO^)‘Ba + H"0, crystallises in thin laminse : it is the least 

solnble of the salts of this acid. The calcium salt, ( + SH-0), forms very soluble 
needles having a silky lustre ; the copper salt, ( + 6H^O), light blue easily soluble 
needles. The C'H^I.SO^NH-, forms colourless crystals, which melt at 178°- 

179°, dissolve in hot water, and more readily in alcohol. 

The barium salt of a-Paraiodotoluenes^ilpTiomc acid separates from the last mother- 
liquors of the iS-salt after prolonged sojourn over sulphuric acid, in long, colourless, 
very soluble needles, which have the composition (CE®ISOs)'Ba-}- 4H20, and retain 
the same amount of water on recrystallisation (H. Glassner, Ber. viii. 560). 


Witrotoluenesulplionic Acids. Baranitrotolueneorthos^dphonic 
acid, C®.CH^.SO^H.H.NO-,H-, w’hieh Beilstein a. Kuhlberg obtained by the action of 
fuming sulphuric acid on _p-nitrotoluene (vii. 1173), crystallises from water in trans- 
parent. well-defined, rhombic tablets or prisms, which have the composition 
C^H®(N0-)S0®H + 2|II"O, give off their water at 130°, .and melt at 133*5°. From a 
solution strongly acidulated with sulphuric acid, it separates anhydrous, and then 
melts at 180°. It dissolves easily in water, alcohol, ether, and chloroform. 100 pts. 
of the aqueous solution contain 67*71 pts. of the hydrated acid at 23°, and 7T45 pts. 
at 28°. The barium and lead salts have the composition assigned to them by Beilstein 
a. Kuhlberg; the latter, however, when dried over sulphuric acid or at 120°, gives 
off only the rest ( JH-0) at 190°. The potassium and ammonium salts form 

long, slender, anhydrous needles. The chloride, C^H®(N0“)S02C1, crystallises from 
ether in rhombic tablets melting at 43° to 44*5°, dissolves readily in ether and in 
chloroform, sparingly in alcohol. The amide, C’'H®(N02).S02NH', separates from 
aqueous solution in long brittle needles melting at 186°, sparingly soluble in alcohol, 
ether, pd cold water, more readily in hot water, still more in ammonia.. By reduc- 
tion with hydrogen sulphide it yields the corresponding amido-acid (Jenssen, Lieh. 
Ann. clxxii. 230). 

Hart a. Remsen {Ber. x. 1 046), by treating paranitrotoluene with fuming sul- 
phuric acid, obtained two isomeric raononitro-acids, separable by means of their 
calcium salts, the solution first depositing long needles having the composition 
[C''H®(N02)S0®]‘Ca-i-4H20, and afterwards, together with these, large monoelinic 
prisms containing eH^o, which retained their form oh recrystallisation. Which of 
these two salts is derived from Beilstein a. Kuhlberg’s acid is a point not yet determined . 


Dinitrotoluenesulplionie Acids, C''H2(K02)2(S03H).CH» (H. Schwanert, 
Luh. Ann. clxxxvi. U2; Ber. x. 28). When a mixture of toluene and fuming sul-^ 
phurie acid, which contains p- and o-toluenesulphonic acids — or a mixture of toluene, 
fuming sulphuric acid, and strong nitric acid, which contains o-nitrotoluene-^-sul- 
phonie acid (in excess) and ^-nitrotoluene-^-sulphonic acid — is boiled for some time 
■with strong nitric acid, two dinitrotoluenesulphonic acids are produced. The dinitro- 
tolueneorthosulphonic acid produced from the o-nitrotoluene-y)-sulphonic acid— and 
therefore the more abundant of the two— is easily purified by means of the sparing 
solubility of its barium salt ; less easy to purify is the dinitro-acid obtained from 
paranitrotoluene-ortho-sulphonic acid, the barium salt of which is a pale-yellow, 
easily soluble, granular mass, having, when dried over sulphuric acid, the composition 
[C^H5(N02)2S0«]2Ba + 4H2O. 

JDinitrofoluene-parasulpkonic acid, the only one of the two which has yet 
been exactly investigated, is prepared as follows: To a cooled mixture of 200 ‘^cr. 
toluene with an eqna,l volume of fuming sulphuric acid is added, at first by drops* 
about kg. nitric acid of sp. gr. 1*5 ; the mixture is heated in a retort as long as red 
fumes are given off ; and the distillate is then poured back, this treatment being 
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repeated five or six times, and finally the niiaric acid is distilled off as completely as 
possible. The residual liquid, which solidifies on cooling, is mixed with twice its volume 
of water, which separates a small quantity of dinitrotoluene ; the liquid is filtered, 
strongly concentrated, and redissolved in water ; and one-fourth of the solution, after 
neutralisation with lead carbonate, is mixed with the remaining three-fourths. The 
solution filtered from the lead sulphate — which is free from lead — is then mixed with 
a strong solution of barium chloride, whereupon it deposits, together with a little 
barium sulphate, crystalline barium dinitrotolueneparasulphonate, which may he puri- 
fied by recrystallisation from hot water. The average yield of this salt is 330 grams. 

The acid separated from this salt by sulphuric acid, crystallises in pale-yellow 
rhombic prisms, 0^H®(N02)®S0^H + 2H-0, which soon change to a sandy powder ; 
when very slowly separated, however, it does not exhibit this latter character ; it 
acquires a sulphur-yellow colour in sunshine, and slowly becomes moist on exposure 
to the air. Its taste is very sour and bitter. It begins to soften at 110®, gives off 
its water of crystallisation at 140°, and melts at 165°. It is very soluble in water, 
alcohol, and ether. Its salts are for the most part but slightly soluble, become 
yellow to brownish on exposure to the air, and detonate sharply when heated. 

The potassium salt, O^H®(lSiO^)®SO®K, obtained by decomposing the barium salt 
with potassium carbonate, crystallises from water in long white rhombic prisms ; 
from alcohol in small, shining, strongly refractive plates. It dissolves in 191 pts. 
water at 14*5°, in 1190 pts. 94 per cent, alcohol at 22°, more freely in the same 
liquids at their boiling points, but is insoluble in ether. The ammonmm salt, 
C^H®(NO-)-SO^NH‘‘, obtained by neutralisation, forms white, flexible, rhombic prisms 
soluble in 24 pts. water at 18°. The barimn salt, [C’'H^(NO®)SO®]2Ba + 4H20, 
crystallises in white silky prisms, which have a very bitter toste, and do not give off 
their water completely below 160°. The calcium salt, [C^H^(!N’0')2S0^]-Ga + 2H20, 
forms groups of white needles and scales. The lead salt„ obtained by neutral- 
ising the acid with lead carbonate, crystallises from hot aqueous solution in warty 
groups of yellowish needles containing [C'H^(N02)2SO®]2Pb + 2H-0 ; from the con- 
centrated mother-liquor in yellow laminae with 3 mols. H^O. The copper salt, 
[C^H®(NO-)-SO^]^ + 4H20, forms blue-green oblique rhombic prisms which give off 
their water at 160°. 

The chloride, C^H^(NO^)^SO“Cl, is prepared by heating the potassium salt with 
phosphorous peutaehloride in a sealed tube at 150° for several hours, washing the 
viscid product with hot water, pressing and drying the residue, and exhausting the 
residue with boiling ether. It crystallises from ether in slender needles or long 
rhombic prisms, which melt at 123°-125°, and dissolve also in alcohol. 

The amide, C^'H-^NO-ySO^NH^, prepared by the action of ammonia on the 
chloride, and purified by recrystallisation from hot ammoniacal water with the aid of 
animal charcoal, forms white laminar crystals resembling those of benzoic acid ; from 
alcohol it crystallises in rhombic needles. It is slightly soluble in hot water, becomes 
coloured when dried in the air, and melts at 203°. 

Amidotoluenesulplionic iLcids, or Toluidinesulpbonic 

A c 1 as, C'H»NSO» = C'ff (CH“)(NH0(SO»H). ^ 

(1). Ortliotoluidine-metasulplionic iLold, most probably 
CH^ : NH- : SO^H^l : 2 : 5. This acid is obtained: a. Together with a small 
quantity of a more soluble isomeride, by heating ortho tolnidine with twice its weight of 
fuming sulphuric acid at 160°-180° (Gerver, Liebig's Annalen, clxix. 373). iS. By 
the action of heat on ethylsulphate of orthotoluidine (Pagel, Ber. vii. 1392): 

(C2H5)(C^H'«N)SO^ == + C^H^O. 

7. By the action of heat on orthotoluidine sulphate (Nevile a. Winther, Chem. Soc. 
J, 1380. xxxvii. 625): 

(C7HioN)2so^ = H20 -f- 

5. By the action of ammonium sulphide on the orthonitrotoluene-metasulphonic 
acid produced by the action of boiling alcohol under pressure on o-nitrodiazotoluene- 
wz-sulphonic acid (Nevile a. Winther). 

This sulphonic acid crystallises from water in yellowish oblique rhombic prisms or 
plates, C'H^NSO^H + 2P[^0, which lose their water at 120° and crumble to a yellowish- 
white powder. It is readily soluble in hot water, but does not dissolve in absolute 
alcohol, ether, benzene, or chloroform. Its potassium salt, C^H^NSO^K + ^H^O, is 
readily soluble in water and dilute alcohol, and forms silky crystals. The sodium- 
salt, C’’H®NSO^Na + H’^O, forms feathery crystals, and dissolves freely in water, 
more sparingly in dilute alcohol. The barium salt, (C’’H®NSO®)®Ba + 3H^O, is jieadily 
soluble in water, sparingly in boiling dilute alcohol, and crystallises in long striated 
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six-sided prisms. The lead salt, (0OTNSO3)2Pb + crystallises from dilute 

alcohol in compact, "white, six-sided prisms. The silver salt, C'H^NSO^Ag, is a "white 
precipitate consisting of small plates. When boiled with water it dissolves with 
partial decomposition, which however may be prevented by adding a few drops of 
nitric acid, and crystallises on cooling in white plates. 

Orthotoluidinesulphonic acid dissolves in sulphuric acid.^ and on heating this 
solution strongly, sulphur dioxide is given off When the acid is distilled with potash, 
orthotoluidine passes over, and the residue contains sulphuric acid and only a trace 
of sulphurous acid. On adding bromine in small quantity or in excess to the aqueous 
Bolvitioii, tribromorthotoluidme (m. p. 112) is precipitated, and the solution contains 
dihromorthotohiidine-sulphonic acid, hydrobromic acid, and sulphuric acid (Grerver). 
According to Nevile a. Winther, on the other hand, bromine slowly added to the 
aqueous acid in quantity not exceeding the molecular proportion, forms no precipitate 
but only a slight reddish opalescence ; and if the liquid be then boiled, filtered, and 
evaporated, a ^? 2 <wobromotoluidinesulphonic acid, crystallises out ; 

and on further addition of bromine, a copious floeculent precipitate is formed, which, 
after purification by two or three distillations in a current of steam, crystallises from 
ether in long white needles, melting at 43-45® and identical in every respect with 
the dibromorthotoluidine, C^.CH^NH^.Br.H.Br.H, already mentioned (p. 1989). 

From the constitution of this dibromotoluidine it may be inferred that the sulpho- 
group in the toluidinesulphonic acid from which it was formed, must occupy one of 
the meta-positions, 3 or 5 with regard to the CH®, and this conclusion is confirmed by 
the melting points of the sulphochloride and sulphonamide obtained from the toluene- 
sulphonic and bromotoluenesulphonie acids produced from this acid. On passing 
nitrous gas into a cold solution of the. toluidinesulphonic acid, a tolylene-diaziue 

sulphite, = is precipitated as a white slightly explosive 

powder, which when heated on a water-bath with concentrated hydrobromic acid, is 
decomposfd, with formation of a bromotoluenesulphonie acid ; the potassium salt of 
which, when treated with phosphorus pentachloride, is converted into a sulpho- 
chloride, C’H®(NH-)SO"Cl, melting at 55*6®-56*6®, agreeing therefore nearly with the 
broraotoluenesulphoehloride (m. p. 52°-63®), described by Hiibner a. Miiller {Zeiischr, 
f, Chem. 1870, 449) as having the sulpho-group in the meta-position relatively to 
CH^ The chloride heated with ammonia gives an amide melting at 146*2~147'2®. 
The toluenesulphonie acid obtained' by heating the above-mentioned orthotolylene- 
diazine sulphite under pressure with alcohol, or by reducing the bromotoluenesulphonie 
acid with sodium-amalgam, gave, on treating its potassium salt with PGP, a liquid 
sulphochloride which yielded with ammonia an amide melting at 106*5®-107‘5® 
(i^evile a. Winther), at 104° (Page!). 

To ascertain whether the sulpho-group is ortho- or para- to the amido-group, meta- 
bromorthotoluidine-meta sulphonic acid, 

12S5 123 5 

CsCH3.NH2Br.H.SO«H.H or C^CH^.OT.SQsH.H.Br.H, 

was heated in a sealed tube with hydrochloric acid and water for several hours with 
the view of removing the sulpho-group, and leaving a monobrom orthotoluidine ; but 
instead of this a mixture was obtained consisting of a dibromorthotoluidine melting 
at 43°-^44°, and two monobromorthotoluidines, one an oil, the other a solid body 
melting at 54°-57° (ordinary bromotoluidine), whence it appeared that whichever of 
the two monobromotoluidines was first formed, was partly decomposed into dibromo- 
toluidine and toluidine, and partly converted into an isomeric monobromotoluidine. 
To discover which of the two monobromotoluidines was formed in the first instance, 
ordinary monobromorthotoluidine, which is known to have the structure 
C°.CH®.NH“.H.H.Br.H, was heated with water or hydrochloric acid at 170°, or above, 
for many hours, but without undergoing any alteration. This seemed to show that 
the liquid bromotoluidine, C^.CH^.NH-.Br.H®, must be the immediate product of the 
removal of the sulphur-group from the metabromorthotoluidine-metasulphonic acid. 
But to obtain further evidence of this, an attempt was made to prepare the bromo- 
toluidine, 0®.CH^.NH-.Br.H®, by another process. For this purpose metabromometace- 
toiuide, C®. CH®.H.Br.H.NH(C^H®0).H, was nitrated with a mixture of 2 vol. nitric 
acid of sp. gr. 1-52, and 1 vol. of sp. gr. 1*45, and the acetyl-group was removed 
from the resulting nitro-componnd by dissolving it in a freshly-made mixture of 
2 vol. sulphuric acid and 1 vol. water. In this manner a base was obtained melt- 
ing at 87°-88°, and having the structure of ^Ji-brom-o-nitro-w-toluidine, 
C^.CH^.FTO^.Br.H.lTH^.H, the NO--group taking the para-position with respect to the 
]SrH®,raccording to a law previously established (p. 1987). This nitrobromotoluidine 
treated with a solution of nitrous gas in alcohol was converted into metabromortho 
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nitrotoluene, which distilled with steam as an oil, and gave, 

on reduction with tin and hydrochloric acid, liquid monobromotoluidine, 
Lastly, on heating this compound with hydrochloric acid in 
a tube at 160° for twelve hours, and distilling the contents with steam, a substance 
was obtained which melted at 40°-47 ° ; and on neutralising the residue in the flask 
and continuing the distillation, an oil was obtained, together with crystals melting at 
53-55° (ordinary monobromorthotoluidine melts at 56°-66°). Hence it appears that 
the bromotoluidine which is the immediate product of the decomposition of metabrom- 
orthotoluidine-metasulphonic acid must have the constitution 

consequently the acid just mentioned must be -represented by the formula 
0“ OH^.NH-^.Br.H.SO^H.H, and the corresponding orthotoluidine-metasulphonic acid 
by the formula C®. CH3.NH2.H.H.SO»H.H, or CH^ : : SO^H^ 1:2:5 (Nevile a. 

Winther). 

Ortliotoluidlne-parasulplionic iicid, G^.CH^.NH^.H.SO^H.H-, is obtained, 
together with paratoluidine-orthosulphonic acid, by the following process : A number 
of litre-flasks are charged with 200 c.c. toluene and 200 c.c. fuming sulphuric acid, 
and shaken, at first gently, afterwards more briskly, to make the liquids mix. To the 
viscid or crystalline mixture of ortho- and paratoluenesulphonic acid thus produced, 
nitric acid of sp.gr. 1-5 is added by drops, the liquids being strongly shaken after 
each addition, and then left to cool, and this treatment is repeated till the addition 
of a further quantity of nitric acid no longer produces any rise of temperature. The 
mixture of orthonitrotoluene-parasulphonic and paranitrotoluene-orthosulphonie acids 
is then poured into a sixfold volume of water, and the mixture, strained from any 
dinitrotoluene that may have separated, is neutralised with calcium hydrate. The 
acids are separated by means of their barium salts, or better of their lead salts 
(the salt of the orthonitro-acid in either case separating out first), and then converted 
into amido-acids by means of ammonium sulphide. If the nitro-acids have been 
separated by means of their calcium salts, the amido-acids formed from them require 
a further purification by conversion into barium salts, that of the orthamido-acid 
crystallising out first, while that of the paramido-aeid remains in the mother-liquor 
(Weekwarth, Liebig's Aimalen^ clxxii. 191 ; Ber. vii. 450). 

Orthotoluidine-parasulphonic acid crystallises in needles and prisms (Weekwarth). 
100 pts. of water at 11° dissolve 0*974 parts of it; hot water dissolves it much more 
abundantly (Hayduck, ibid, clxxii. 204, and clxxiv. 343; Ber, vii. 652 and 1353). 
Its warm aqueous solution is coloured dark violet by ferric chloride. On adding a 
few drops of fuming nitric acid to the concentrated aqueous solution and diluting 
with water, a precipitate is formed, and if the liquid be then boiled it turns yellow 
(Weekwarth). The barium salt, [C’H®(NH2)SO®]-Ba -i- 2JH20, forms beautiful crys- 
talline plates, which give off their water over sulphuric acid, dissolve easily in boiling, 
less easily in cold water. The lead salt, [C’'H®(NH^)SO®pPb, forms yellowish prisms, 
much less soluble than the barium salt (Hayduck). 

The acid is not altered by heating at 200° with fuming hydrochloric acid; or, with 
the exception of slight carbonisation, with fuming sulphuric acid, in which respect 
it differs from the jparatoluidinesulphonic acids (p. 2018). When distilled with 
potash it gives off* a large quantity of ammonia and a small quantity of aniline ; by 
fusion with potash at a moderate heat it yields o-amidobenzoie (anthranilic) acid. It 
is not altered by fusion with sodium formate. Distilled with manganese dioxide and 
sulphuric acid it yields a distillate smelling of quinone, from which however only 
very small quantities of microscopic tablets can be obtained. By the action of 
potassium chlorate and hydroGhlorie acid it is converted into trichloro to luqui none. 
C^H^CPO^, which crystallises in large, shining, yellowish plates, melting at 232° 
(p. 2029). 

Orthotoluidine-parasulphonic acid is converted by bromine into dibromortho- 
toluidine-jj-sulphonic acid, C^H*‘Br^(NH“)SO*H, which crystallises from hot 
water in needles containing 1 mol. H^O (p. 2021); by nitrous acid and alcohol into a 

diazin-compound, which forms a crystalline powder exploding 

when struck, and by cold fuming nitric acid into a nitrodiazin-com- 
pound, which separates on dilution with ice-cold water as a 

bulky white precipitate exploding by heat and by percussion. 

Metatoluidine-ortliosulplionic Acid, C^.OH^.H.NH^.H.H.SO^H (Lorenz, 
Liebig's Amialen, clxxii. 1 85 ; Ber. vii. 449). This acid is produced, together with a 
disulphonic acid, by heating 1 pt. metatoluidine with 3 pts. fuming sulphuric acid at 
160°-175°; on diluting the product with water, the monosul phonic acid is precipi- 
tated, while the disulphonic acid remains in solution, 

Yol. YIII. 6 0 
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Metatoluidine-orthosulphonic acid crystallises in thick rhombic plates, -which 
dissolve sparingly in water, are insoluble in alcohol, and carbonise without previous 
fusion when heated above 275°. The harumi salt, (C^H®NS0®)^Ba + 9H“0, crystal- 
lises in thin plates or long prisms easily soluble in water. The lead salt, 
(C^H*NSO0^Pb + 3|H-O, forms crystalline nodules. 

Bromine, added in excess to an aqueous solution of the acid, decomposes it completely 
into sulphuric acid, hydrogen bromide, and a tribromotoluidine, 
which crystallises from alcohol in reddish needles melting at 95° (p. 1998). On 
treating the toluidine-sulphonic acid immersed in alcohol of 60 per cent, with nitrous 
acid, it is converted into a diazo-acid, -which when boiled with alcohol yields toluene- 
orthosulphonie acid. This shows that the amido-aeid is a metatoluidine-orthosul- 
phonie acid, 

CB?-: SO»H : NH- = 1 : 2 : 3 or 1 : 2 : 5. 

Lorenz represents it by the iSrst of these formulae; in other words, he regards it as a 
consecutive modification; but since the experiments of Nevile a. Winther have shown 
that SO*H, like Br, &c., when directly introduced into an amido-compound, takes 
by preference the para-position with respect to the NH^-group, it is more probable 
that the acid in question has the unsymmetrical constitution 1:2:6. 

The metatoluidine-disulphonie acid, formed as above mentioned, decomposes very 
readily on evaporation into the monosulphonic acid and free sulphuric acid. Treated 
with baryta-water and carbon dioxide, it yields an aoid harium salt, 

crystallising in felted groups of slender needles, 
which give off their water at 160°. The lead salt, C^H^N(S0^)2pb + 2H“0, forms 
hard yellowish- white crusts, sparingly soluble in water, insoluble in alcohol. 

Paratoluidlne-ortbosulplionic Acid, (Jenssen, 

Liebig’s Amale^i, elxxii. 230 ; Ber. vii. 55). This acid, identical with the toluidine- 
sulphonic acid described by Buff and by Malyscheff (vi. 28S; vii. 1179), is formed, 
together with the y)-;?i-modification, by the action of sulphuric acid on paratoluidine, 
and by reduction of paranitrotoluene-orthosul phonic acid (p. 2014) with hydrogen 
sulphide. Jt crystallises in hard colourless rhombohedrons, slightly soluble in hot 
water, insoluble in alcohol and ether. Its warm aqueous solution is coloured red by 
ferric chloride. On dissolving it in a few drops of fuming nitric acid, the liquid 
remains clear on dilution with water, and becomes blood-red on boiling. These 
characters distinguish it from the o-y)-acid (Weckwarth, p. 2017). Bromine added 
to its boiling aqueous solution forms a bromamidosulphonic acid, C^H^Br(NH-)SO'dI 
(p. 2020), convertible into a diazin-compound which crystallises in small yellow or 
brown needles, and may be transformed by the usual methods into the corresponding 
toluene-, cresol-, bromotoluene-, and chlorotoluene-sulphonie acids. The tohmie- 
salphoniQ acid thus obtained is identical with the j8-acicl described by A. Wolkow 
(vii. 1168) ; the hfominated acid, with the parabromotoluenesulphonic acid of Hiilmer 
a. Post (p. 2009) ; and the chlorinated aoid with the ^-parachlorotoliienesulphonic 
acid described by Hiibner a. Majert (p. 2013). The paracTesolsulphonic acid, on the 
other hand, C^H®(OH)SO®H + dll^O, is different from that which Engelhardt a. Lat- 
schinoff obtained by the action of sulphuric acid on peiracresol (vi. 506). 

Paratolui'dine-metasulplionic Acid, (H. v, Pech- 

mann, Lieh. Ann. clxxiii. 195). This acid, first described by Sell (v. 527), is 
formed, together with paratoluidine-orthosulphonic and a paratoluidine-disul- 
phonie acid, by heating paratoluidine with fuming sulphuric acid. The relative 
quantities of these acids obtained vary with the temperature, the metasulphonic acid 
being produced most abundantly at comparatively low, the ortho- and the di-sulphonic 
acid at higher temperatures. Pirect experiment shows that each of the monosul- 
phonie acids, when heated for twenty minutes at 180°-200° with twice its weight of 
sulphuric acid, is partly converted (the metasulphonic acid for .the greater part) 
into the isomeric monosulphonic and the disulphonie acids. The separation of the 
metasulphonic from the orthosulphouic acid is facilitated by the greater solubility of 
the former in water and especially in alcohol. The separation may also be effected 
through the medium of the lead salts, the metasulphonate being but sparingly 
soluble, the orthosulphonate very easily soluble, in water. The disulphonate remains 
in the mother-liquor of the two monosulphonates. 

^ The paratoluidine-metasulphonic acid thus prepared agrees for the most part in 
Its properties with that described by Sell, Malyscheff, and Buff (vii. 1179). It dis- 
solves at ordinary temperatures in 10 pts. water, is nearly insoluble in alcohol and 
quite insoluble in ether. The crystals effloresce over sulphuric acid, and ghi off 
their water completely at 130°. The aqueous solution is coloured red by ferric 
chloride, especially when heated. The acid heated with water at 130° is resolved 
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into sulphuric acid and toluidine, the latter bei^ also formed on distilling the acid 
•vrith potassium hydroxide. On fusing it with the latter, till the evolution of 
hydrogen slackens considerably, the chief product obtained is parahydroxybenzoie 
acid. It is not altered by fusion with sodium formate. The barium salt^ 
(C’H^NSO®)2]Ba + 311-0, crystallises from strong solutions in colourless six-sided 
laminae, easily soluble in water, insoluble in alcohol, and giving off their water at 130°. 
The lead salt, (C’'H^NSO^)-Pb + 2H-0, forms long colourless needles, much less soluble 
than the barium salt. 

The corresponding diazin-eompound, which is best prepared by treating the amido- 
aeid with nitrous acid and alcohol under water at 30°-40°. is converted by heating 
with alcohol under pressure into toluenemetasulphonic acid (p. 2018), by boiling with 
water into paracresolmetasulphonic acid (p. 2009), and by hydrobromic acid into 
parabromotoluene-metasulphonic acid (p. 2021). 

Paratoluidine-metasulphonic acid, when added to cold fuming nitric acid, is con- 
verted into orthonitrodiazotoluene-metasulphonic acid, which, when boiled with alcohol 
under pressure, yields an o-nitrotoluene-yw-sulphonic acid convertible by ammonium 
sulphide into o-toluidine-JJi-sulphonic acid (p. 2015). The y)-t,oluidine-m-sulphonie 
acid, brought into contact with 2 mol. bromine, is completely resolved into sulphuric 
acid and dibromotoluidine : 

C’H«(NH2)SO«H + 2Br^ + H^O = C^H^Br^NH^ + SO^H^ + 2HBr. 

With a larger quantity of bromine a similar reaction takes place, resulting in the 
formation of tribromotoluid ine. When, however, bromine-vapour (1 mol.) is 
passed through a cold aqueous solution of the acid, there is formed — together 
with a precipitate of dibromotoluidine — a bromoparatoluidine-metasulphonic acid 
(p. 2021), which remains in solution and may be separated therefrom by means of its 
sparingly soluble barium salt. 

Bromamidotoluenesulplionic or Sromotoluidinesulphonio Acids, 

C®H^Br(NH-).CH.^ M. Schafer {Liebig's Aiinalen, clxxiv. 357 ; Ber, vii. 1355) has 
prepared the bromamido-acids analogous to Hiibner a. Post’s nitrobromotoluene- 
sulphonic acids (p. 2010) by reduction with ammonium sulphide ; also the correspond- 
ing diazin-acids or tolyl-diazinsulphites by treating the amido-acids with nitrous gas 
and alcohol, and from these by boiling with w'ater, the corresponding cresol-sulphonic 
acids. A comparative view of the properties of these several derivatives is given in 
the following table : 



Derivatives of nitro-o- 
bromotoluene-jn- 
sulpliouic acid 

Derivatives of nitro-p- 
bromotoluene-Tn- 
sulpbonic acid 

Derivatives of nitro-p- 
bromotolnene-o- 
sulphonic acid 

Free amido-acid 

Crystallises hot from 
water in long rhom- 
bic laminse, from 
alcohol in nodules. 
Dissolves at 21° 
in 188 pts. water, 
and in 32 pts. 
alcohol. Besolved 
by bromine and 
water into sul- 
phuric acid and 
tribr omot olui dine , 
which crystallises 
from alcohol in 
yellow needles, and 
volatilises with 

steam in nearly 
white flocks melt- 
ing at 82°. 

Crystallises from 

water in grey-white 
needles. Very 

sparingly soluble 
in water, more free- 
ly in alcohol. 

Crystallises from 

water in small well- 
defined prisms, 

sparingly soluble in 
w'ater (1 pt. in 31), 
more freely in al- 
cohol ; yields wdth 
bromine and water 
a tribromotoluidine 
which crystallises 
from alcohol in yel- 
low shining scales 
melting at 72°. 

Barium salt . 

[C^HsBr(NH‘-^)S03]2Ba 
+ H-0. Micros- 

copic square plates, 
very soluble in 
water, sparingly in 
alcohol. 

[C^H5Br(NH2)S03]2Ba 
+ 4H-0. Small, 

white nodules. 

[C’H"Br(NH")S08]='Ba 
+ 2H20. White, 
easily soluble mi- 
croscopic needles. 

(% 


6o2 
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Derivatives of nitro-o- 
bromotoluene-OT- 
sulpbonic acid 

Derivatives of nitro-^)- 
bromotolueiie-m- 
sulplionic acid 

Derivatives of nitro-p- 
bromotoluene-o- 
sulphonic acid 

Lead salt 

[C^H5Br(NH2)SO"pPb 
+ H20. Easily 

soluble, elongated 
plates, turning yel- 
low in the air. 



Sodium salt . 



C^H»(NH2)SO»Ka 
+ 2H20. Indistinct, 
microscopic, very 
soluble crystals. 

Biazin-com- 

pound 

Brownish, easily de- 
composible pow- 
der, converted by 
water and by hy- 
drobromic acid into 
one and the same 
cresolsulphonie 
acid. 

Short, thick, red 
needles, exploding 
by percussion, and 
easily decomposed 
by water, alcohol, 
and hydrobromic 
acid. 

Pale red microscopic 
(rhombic ?) crystals, 
detonating when 
struck or when 
heated to 160°. 
Easily clecompusi- 
ble. Converted by 
HBr into dibrom-o- 
toluenesulpho- 
nic acid. 

Cresolsulphonie 

acid 

— 

— 

Brown syrup. 

Barium salt . 

Prepared with water: 
greyish-white, in- 
distinct, very sol- 
uble crystals, con- 
taining 4H‘‘^0. Pre- 
pared with HBr : 
Spicular crystals 
containing 3H-0. 

[C’H^Br(OH)SO^Ba 
+ H‘’0. Easily 

soluble laminse. 

[C^H=Br(OH)SO^-Ba 
+ 3H*0. Easily 
soluble, long white 
branched needles. 

Lead salt 

fC^H^Br(OH)S0^2pb 
+ 2H”0, Long 

< white four-sided 
prisms, quickly 

turning yellow on 
exposure to the air. 




Bromoparatoltiidine-orthosiil^honio acidy C’H^Br(NH''^)SO'*H, obtained 
by the action of bromine on a boiling aqueous solution of yi-toluidine-o-sulphonic acid 
(p. 2018), crystallises in white, shining, slender needles, which become dark on 
exposure to light, and in solution ; dissolve but very sparingly in water even at the 
boiling heat ; are insoluble in alcohol and ether, but dissolve with moderate facility 
in hydrochloric and hydrobromic acid. It does not yield bromotoluidine when fused 
with potash, lis potassiimi salt, G’'H^BrNS0^K + H*0, forms thick, hard, soluble 
prisms. The barium salt, (C^H’'BrNS0®)‘'*Ba + 7H20, crystallises from water in thick 
prisms, from alcohol in beautiful needles ; gives off almost all its water of crystallisa- 
tion over sulphuric acid ; dissolves easily in water, less easily in alcohol. Lead salt, 
easily soluble laminse. Silver salt, white needles, which very easily turn brown, and 
are but slightly soluble in cold water (Jenssen, Liebig's Annalen, clxxii. 230 ; Ber. 
vii. 55). According to Weckwarth (Ber. vii. 450), this brominated acid, treated 

under alcohol with nitrous gas, is converted into a diazin-compound, 

which when heated with alcohol yields a bromotoluenesulphonic acid, apparently 
idepj^ieal with Wroblewsky’s i8*aeid (vii. 1172), and therefore consisting of meta- 
bromotoluene-orthosulphonic acid (p. 2012), Consequently the bromamido-acid 
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under consideration must be a metabromoparatoluidine-orfchosulphonic acid, 
C^.CH^.SO^H.Br.NH^.H- or 0®.0H®.S0®H.H.NH*.Br.H. This acid boiled with silver 
nitrate gives up the whole of its bromine as silver bromide. With fuming nitric acid 
it forms a red solution, which, when carefuDy diluted with a small quantity of water, 
deposits after some time shining yellow laminae of the diazin-nitro-compound, 

which detonate when heated, and dissolve in water with 
evolution of nitrogen and formation of a nitrobromoeresolsulphonic acid (Weckwarth). 

Bromoparatoluidine-metasulphonic id! is formed, together with dibro- 
motoluidine, on passing the vapour of bromine (1 mol.) through the cold aqueous 
solution of paratoluidine-metasulphonie acid (p. 2018), the dibromotoluidine being 
precipitated, while the brominated sulphonic acid remains in solution, and may he 
separated therefrom by means of its sparingly soluble barium salt. 'The free acid, 
3C^H^Br(NH^)S0®H + 2H20, crystallises from water or alcohol, in which it is readily 
soluble, in yellow needles, which give ojff their water of crystallisation at 130°, and 
decompose without previous fusion at a temperature above 200°. It is insoluble in 
ether. It is not altered by boiling with aqueous potash, but when distilled with 
potassium hydroxide it yields bromotoluidine as a colourless oil, which unites with 
acids forming crystallised salts. 

Botassnm Bromoparatolmdine-metasidphoiiate, C^H^BrNSO^K, forms thick colour- 
less prisms, moderately soluble in cold, more soluble in hot water. The barium salt, 
(0’H'^BrNSO®)^Ba + 2H-0, forms hard, shining, colourless plates, which do not 
efHoresce over sulphuric acid ; it dissolves sparingly in cold, more freely in hot water, 
but is insoluble in alcohol. The lead salt, (6^H^BrNSO=^)'Pb, forms colourless 
shining needles, very slightly soluble in cold, more freely in hot water. The silver 
salt, C^H^BrNSO^Ag, is precipitated by silver nitrate from tbe solution of the am- 
monium salt in thin short needles, and crystallises from hot water in long colourless 
needles. It is nearly insoluble in cold water, and turns grey when exposed to light. 

The brominated amido-acid is converted by nitrous acid into a brown-red 

pulverulent diazin-compound, which, when heated with alcohol 

under pressure, yields a bromotoluenemetasulphonic acid (p. 2013), (v. Pechmann, 
Ber. vii. 4^2). 

Bihromorthotoluidine-^aTasiilfhoniQ acid, C^H*Br“(NH“)SO=*E[ + H'O , 
produced by the action of bromine on orthotoluidine-parasulphonic acid (p. 2017), 
crystallises from hot water in long capillary needles ; from hot alcohol in stellate 
groups of needles. Both these solvents dissolve it with difficulty in the cold, readily 
at boiling heat. At a higher temperature the acid gives off its crystallisation-water 
and crumbles to a hygroscopic powder, and at a still stronger heat (160°) it decom- 
poses without previous fusion. The ha/rium salt, [C’H‘‘Br2(NH'-^)SO^]^Ba + 9H-0, 
forms spherical groups of needles easily soluble in water, and .becoming anhydrous 
over sulphuric acid. Cold fuming nitric acid converts it into a nitrodiaziu-coni- 
pound, which forms a white precipitate consisting of microscopic needles (Hayduck, 
Ber. vii. 1353). 

3>iamidotoliiexieparasulplioiiic or Tolylenediamineparasalpboxilc 
Acids, C'H'«N2SO“ = C»ff(NH=)'‘SO=B:.CH® (H. Schwaaert, LMi^s Annaleu, olxxxvi.' 
360) is formed by the action of ammonium sulphide on the corresponding dinitro-acid 
(p. 2014), and crystallises from hot water, in presence of animal charcoal, in white, 
striated, shining, translucent, oblique rhombic prisms, which turn grey when exposed 
to light, do not melt even at 280°, dissolve in 1470 pts. water at 14°, more freely in 
hot water, but are insoluble in alcohol. The aqueous solution quickly turns yellowish- 
brown. The solutions of its salts also quickly become dark-coloured when evaporated ; 
they crystallise with difficulty or not at all, and are not precipitated by alcohol. The 
barium salt, (C^H®N2SO®)®Ba + 4:BrO, is obtained, on evaporating its solution prepared 
with barium carbonate, as a blue-grey amorphous residue, which, after repeated solu- 
tion and treatment with animal charcoal, becomes lighter in colour, hut not quite 
white; it dissolves readily in water and in alcohol. A lead salt has been obtained, 
crystalline, hut not of constant composition. The jp^tassium salt is obtained by 
evaporation of its solution only as a brown uncrystallisable syrup. 

With acids, on the other hand, the diamido-aeid easily forms crystallisable com- 
pounds, which, however, must be recrystallised from acidulated water, since they are 
decomposed by pure water. The hydrochloride, C'H*®N'SO®,H01+ 2H-’0, forms white 
to silver-grey, shining, short oblique rhombic prisms, soluble in water, slightly aiso in 
alcohol. The hydrobromide is analogous in composition, and exhibits similar characters. 
The nitrate, C^II’°N-SO®,NO^H + H^O, forms a light felted faintly reddish mass, com- 
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posed of small oblique rhombic needles, soluble in water, slightly also in alcohol. , 
The sulphate, (CTi‘“N-SO»)2SO«H2 + H*0, crystallises in white shining rhombic 
laminae. 

Monohromodiamidotolume-parasulphoniG acid, C“fiBr(NH*)-(SO^H).CH^ is formed 
by drenching the diamido-acid with 20 pts. hot water, and adding bromine by drops 
(1 mol. bromine to 2 mol. of the acid), and crystallises from the resulting green-blue 
solution on cooling in small greyish-green shining tablets, or short thick rhombic 
prisms, with unequal pyramidal end-faces, sparingly soluble in water. The potassiimi 
salt, G^H«BrN2SO»K + 2iH'^0, is obtained by evaporating its brownish-yellow solution, 
taking care that no solid salt separates out on the edges, in geodes of pale-yellow 
tablets, very easily soluble in water, nearly insoluble in alcohol. When heated to 
100°, it gives off its water, but does not change colour ; but when quickly heated to 
lOo®, or dehydrated at 120°, it turns blue, without loss of weight, and then dissolves 
in water with splendid blue colour. The yellowish salt cannot be recovered from the 
blue solution, which, when evaporated, leaves a blue amorphous salt (hence the pre- 
caution above mentioned). The barmm salt is a gre^sh-white crystalline substance, 
containing a varying amount of barium, very soluble in water, and turning blue under 
the same circumstances as the potassium salt; the free acid likewise exhibits a 
similar behaviour. 

When 1 mol. bromine is added by drops to 1 mol. of the diamido-acid under 20 pts. 
hot water, a greyish-green crystalline powder separates, which may be regarded as a 
mixture of the mono- and dibrominated acids, and when heated at 120° with hydro- 
bromic acid and amorphous phosphorus, is reconverted into the diamidotoluene- 
sulphonie acid. Larger quantities of bromine produce more complete decomposition. 

The diamido-acid treated with nitrous aoid and alcohol is converted into a hrown- 
red amorphous diazin-compound which has not been exactly investigated. 

Kydroxytoluenesulplionic or Cresolsulphonlc AcidSy 

C®H3(CH=^)OH.SO®H, are formed by heating the corresponding tolyl-diazin sulphites, 

(so-called diazotoluenesulphonic acids) with water (vii. 932, 934), and 
by heating cresols with sulphuric acid (vi. 506 ; vii. 932, 934; viii. 583). 

Orthocresol~para$tclpho7iic acid, C®.CH^.OH.H.SO®H.H®, which Engelhardt a. 
Latschinoff obtained by heating o-cresol with sulphuric acid (yi. 507), may also be 
prepared by boiling the diazin-derivative of e-toluidine-^-snlphonic acid with water, or 
adding it to fuming sulphuric acid. It forms a barium salt, [C^H®(OH)SO®]”Ba -f- 14H*0, 
which crystallises in granular masses of microscopic prisms. The potassium salt, 
C'H®(OH).SO®K -j- |H“0, separates from boiling absolute alcohol as a yellowish crys- 
talline poAvder, from aqueous alcohol in tufts of short needles. The acid fused with 
potash is converted into salicylic acid (Hayduck, Ber. vii. 552). 

A cresolsulphonic acid, apparently identical with the above, is obtained as a 
potassium salt by fusing potassium toluenedisulphonate (p. 2009) with potassium 
hydroxide at 190°-205°. The solution of the melt is acidulated with sulphuric acid ; 
freed by means of ether from small quantities of salicylic acid ; neutralised with 
potassium carbonate ; freed from potassium sulphate by crystallisation ; again 
acidulated to a pasty consistence; and mixed with ether-alcohol to complete the 
precipitation of the potassium sulphate. For further precipitation, the acid is con- 
verted into the barium salt, which crystallises with great facility, and separated 
therefrom by sulphuric acid. 

The free sulphonic acid crystallises in feathery groups which retain J mol. water 
at 100° ; it melts at 80°“81°, and turns brown when heated above 100° ; it is hygro- 
scopic, dissolves readily in alcohol and ether, and its aqueous solution gives with 
ferric chloride a coloration which disappears on addition of mineral acids or of alcohol. 
The potassium salt, C’H®(OH)SO®K + 2H“0, crystallises in well-defined prisms which 
dissolve readily in hot alcohol, swell up at 120°, melt without decomposition at 
225°-2 30°, and are decomposed by melting potash at 260°-270°. The sodium salt 
forms plates or tablets containing 2 mol. H-0. The aimnonium and cadmimi salts 
crystallise in prisms or needles. The barium saZjf, [G®H®(CH®)(OH)SO®]‘'^Ba + H^O, 
crystallises readily in small prisms, insoluble in alcohol, and becoming anhydrous at 
170°. The aqueous solution forms no precipitate with baryta- water, but is coloured 
blue by ferric chloride. The calcium salt, (C^H^O‘‘S)2Ca-j- l|H-0, crystallises in 
stellate groups of needles which become anhydrous at 100°. The lead salt, 
(G’H^O^S)^Pb + 3H-0, is readily soluble in water and in hot alcohol, and crystallises 
in silky needles, which give off their water at 160°. The copper salt, (G^H'0‘‘S)”Ca 
8H-Ojj!<crystallises in large square tablets ; the silver salt in concentric groups of 
anhydrous needles, which are sensitive to light; the i'mc in larger prisms, con- 
taining lOj mol. water, of which they lose 84 at 100°, the other 2 at 190° (G. Bruner, 
Wien. JJcad. Ber, [2 Ahth.], Ixxviii. 665). 
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E. Baumann {Ber. xi. 1907) describes the potassium salt of an Orthocresolsulphonie 
acid obtained by heating <?-cresol with potassium hydroxide and water, leaving the 
solution to cool to 60°"-70°, and digesting it at that temperature with potassium 
pyrosulphate. It crystallises in shining laminae, somewhat more soluble in water and 
in alcohol than potassium paracresolsulphonate. 

Potassium cresolsulphonate (a mixture of several modifications) occurs, together 
with the phenolsulphonate, in horse-urine. It is somewhat less soluble than the 
latter in water and in alcohol ; reacts similarly with water, acids, and alkalis, but 
decomposes somewhat more quickly on keeping, and is gradually decomposed during 
the putrefaction of the urine. The dry potassium salts of the cresolsulphonic acids 
are converted at 140°-150° into sulphonic acids which give a deep blue coloration 
with ferric chloride (Baumann). 

TOXiUXC ACXBS, 0®H**0^ = C®H‘‘(CH®).COOH. The ethylic ether of orihotoluio 
acid is formed by the action of ethyl chlorocarbonate on ortho-iodotoluene (p. 1994). 
The acid separated fcom the ether thus obtained melts at 102’5^, 

Orthotoluic acid in alkaline solution, heated with potassium permanganate, is 
oxidised to orthophthalic acid, (Weith, Ber, vii. 1057). 

Bromoparatoluic Acid, C®H^Br(CH®).OOOH, is prepared by dropping bromo- 
paraxylene into a solution of 5 to 10 g. chromic acid in 100 g. glacial acetic acid; 
heating the liquid on the water-bath for an hour ; precipitating with water ; distilling 
off the undecomposed bromoxylene with steam; and washing the precipitate with 
w'ater. The acid thus produced appears to be identical with that which Landolph 
obtained from bromocymene (vii. 1175). It is easily soluble in alcohol and ether, 
insoluble in cold water, slightly soluble in boiling water, and crystallises therefrom in 
small shining needles melting at 203*5^-204® ; sublimes in shining elongated laminae. 
Its barium salt, (C^H^BrO-J^Ba + 4H-0, crystallises in concentric groups of short 
capillary needles, very slightly soluble in cold, much more freely in hot water. The 
calciiwi salt, (C®H®BrO-)-Cd-f- 3H'0, is somewhat more soluble, and crystallises in 
arborescent groups of short hard needles (lannasch a. Dieckinann, Liebig's AnnaUn, 
clxxi. 83), 

STitrotoluic Acids. Fittica {Liebig's Annalen, clxxxi. 303 ; Ber. vi. 938 ; vii. 
1357, 1529) distinguishes three mononitrotoluic acids, C®H^(NO-)0-, viz. : o. Produced 
by dropping cymene into red fuming nitric acid of sp. gr. 1*5. Kept in a state of gentle 
ebullition, this acid melts at 189 °. — ^ and 7. Formed by oxidising liquid and solid 
nitrocymene (p. 622) respectively with chromic acid. These two acids resemble one 
another in subliming without previous fusion, in forming very similar salts, and in giv- 
ing with lead, mercury, and silver salts white precipitates insoluble in alcohol. The 
7-acid differs, however, from the j3-acid in being very nearly insoluble in water 
whether cold or hot, and only slightly soluble in alcohol of 90 per cent. Moreover, 
the alcoholic solution of the i3-acid remains clear w'hen mixed with solution of platinic 
chloride, whereas that of the 7-acid gives after some time a yellow crystalline pre- 
cipitate. Both acids are scarcely attacked by tin or zinc and hydrochloric acid, but 
sodium-amalgam converts them into the corresponding diazin-toluic acids. 

Biazin-toluic Acids, GQ^H.CmNznK.C^H^.CO^H. Thenitro-acid 
in alkaline solution is left in contact with the sodium-amalgam for about a day, till 
the addition of acetic acid in excess no longer produces a precipitate, and the diazin-acid 
is then precipitated with hydrochloric acid, or extracted from the acetic solution by 
other. The Aacid when recrystallised from boiling water forms yellowish microscopic 
needles, which melt at 182°-184°, dissolve readily in alcohol, ether, and acetic acid, 
with moderate facility in boiling water, scarcely at all in cold water. The same diazin- 
aeid is formed in like manner from a nitrotoluic acid, y-dia&iu^toluic acid, when purified 
by recrystallisation from boiling alcohol, forms tufts of yellowish-brown needles nearly 
insoluble in water whether hot or cold, moderately soluble in boiling alcohol and in 
acetic acid, still more soluble in ether. It sublimes at about 240° vdthout previous 
fusion, blackening at the same time (Fittica, loc. dt.) 

Hydroxytoluic Acids, 0®H3(0H)(CH®)(C0OH). Oxytoluic, Homohydroxy- 
benzoic, or Cresotic acids. — These acids are formed : 1. By the action of carbon dioxide 
on the sodinm-cresols (p. 583). 2. By oxidation of the corresponding aldehydes, 
most readily by introducing the aldehydes into fused potash containing a little water, 
continuing the fusion for a few minutes, then adding water and precipitating with 
hydrochloric acid (Tiemann a. Schotten, Ber. xi. 767). 3. By the action of carbon 

tetrachloride on a strongly alkaline solution of a sodium-eresol : 

C’H«(ONa)H -F CC1‘ + oNaHO - C’H«(ONa)COONa -}- 4NaCl + 

By this reaction, orthocresoi is converted into ortliohojno-orthohydruxybonzoic or 
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orthohomosalicylic and orthohomoparahydroxybenzoic acids.'*^ As in other reactions 
in which ortho- and para-compounds are produced simultaneoizsly, the ortho- com- 
pounds are formed most abundantly at high, and the para-compounds at low tempera- 
tures ; and for this reason the carbon tetrachloride reaction is best adapted for 
preparing the homoparahydroxybenzoic acids, whereas the homo-orthohydroxybenzoic 
or homosalieylic acids are better prepared^ by the action of carbon dioxide on the 
sodium-derivatives of the cresols : for as this reaction tabes place at about 200*^, these 
ortho-compounds are produced by it in much larger quantity than the para-compounds 
(E. Schall, JBer, xii. 816). 

The following hydroxytoluic acids, obtained by oxidation of the corresponding 
aldehydes, are described by Tiemann a. Schotten, loo. cit, 

a. From Orthocresol : 

Orthohomosalicylic a^id, [OH : CH® ! COOH— 1 : 2 : 6], melting at 159°-160°, is 
identical with j8-cresotic acid (p. 584). 

Orthohomoparahydroxybenzoic acidy 1:2:4, is sparingly soluble in cold water 
and chloroform, easily soluble in boiling water, alcohol, and ether, and crystallises 
from water in small faintly flesh-coloured needles containing | mol. crystallisation- 
water, and melting at 172°~173®. 

h. From Metacresol: 

Meiahomosalioylic acid^ 1:3:6, identical with 7-eresotic acid, melts at 173°. 

MetakomoparakydroxyhenzoiG acid, 1:3:4, crystallises from water in small 
white needles containing | mol. water, and melting at 177°- 180°. 

c. From Par a ere sol: 

Farahomosalicylic acid, [1 .' 4 : 6], identical with a-cresotic acid, melts at 151°. 

The homosalieylic acids behave with solvents and reagents almost exactly like 
salicylic acid. They dissolve but sparingly in cold water, more readily in boiling 
water, easily in alcohol and chloroform. From water or weak spirit they crystallise 
in dazzling white needles, undistinguishable from crystals of salicylic acid. They 
also give the salicylic acid reaction with fenio chloride. In exactly neutralised solutions 
of the ammonium salts, barium chloride produces no precipitate, cupric suljdiate a 
yellow-green crystalline precipitate of a neutral copper salt, soluble in a large quantity 
of hot water. In solutions containing excess of ammonia, basic compounds are formed 
in both cases. Silver nitrate produces in neutral solutions of the ammonium salts, 
white precipitates, very sparingly soluble in water, easily in ammonia; lead acetate, 
white precipitates easily soluble in acetic acid. 

The homoparahydroxybenzoic acids are but sparingly soluble in cold water, still 
less in chloroform, but dissolve readily in hot water, alcohol, and ether. They do 
not give any characteristic colour-reactions with ferric chloride. The normal hariutti 
and calcium salts are easily soluble ; the solutions treated with ammonia do not give 
precipitates of basic salts. In neutral solvitions of the ammonium salts, cupric 
sulp^te forms a blue-green precipitate very slightly soluble in water ; but on adding 
cupric sulphate and a little ammonia to these same solutions, precipitates are formed 
consisting of basic salts which dissolve with bine colour in excess of ammonia. The 
silver and lead salts are white compounds sparingly soluble in water (Tiemann a. 
Schotten). 

There are four possible homologues of metahydroxybenzoic acid, but the corre- 
sponding aldehydes are not produced by the chloroform reaction. One of these 
hydroxytoluic acids, viz. orthohomometahydroxybenzoic acid, [1 : 2 : 5], 
is formed: (1). Together with hydroxyterephthalic acid, C®H^(0H)(C02H)(C02H), 
[1 : 2 : 5], by fusing sulphotoluic acid, C®H3(CH*)(S0®H)(C02H), with potash. The 
two acids thus produced cannot easily be separated by crystallisation, but the separa- 
tion may be effected by the application of a gentle heat, the hydroxytoluic acid then 
subliming alone (Flesch, JBer. vi. 481). (2). By passing nitrous gas into a nitric acid 
solution of the amidotoluic acid (m. p. 184°), which Ahrens obtained by reduction of 
one of the nitrotoluic acids resulting from the action of nitric acid on coal-tar xylene 
(vii. 1180). 

This acid crystallises in long needles having a silky lustre, sparingly soluble in 
cold, easily in hot water, alcohol, and ether, insoluble in chloroform. It melts at 
203°-204° (coiT. 206°-207'^'), volatilises with vapour of water, and does not give any 
coloration with ferric chloride. Its lead salt crystallises with 2H^O in needles 
having a diamond lustre. The calcium salt contains 4H“0. The ethylic ether crystal- 

* l^tte names of these hydroxytoluic acids, the positions of the side-chains are referred to the 
phenolic hydroxyl which stands in the position 1 ; the first prefix, ortho, &c. (standing before 
<homo’) refers to the*OH*-gronp, and indicates the cresol from which the acid is derived, while the 
second prefix, 0 -, or p-, coming after ‘ homo,’ indicates the position of the CO-H-group. 
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Uses in wayellitie geodes, melts at 74°-75°, and solidifies at 60^-62®. The acid 
heated with methyl iodide and potassium hydroxide is converted into the dimethyllc 
ether, C®H^(CH^)(OC-H®)(CO-OH®), and this latter hoiled with potash yields m ethyl - 
hydroxytoluic acid, C‘’H2(CH®)“(OH)(CO-iI), which crystallises in heautifui 
sublimable needles, melts at 156°, is insoluble in cold water, but dissolves readily 
in alcohol and in ether. Its barium salt contains 4H-0. .Orthohomometahydroxy- 
benzoic acid is not decomposed by hydrochloric acid, even at 270°, but its potassium 
salt, heated with quicklime, yields a liquid cresol which boils at 185°--187°, and when 
fused with potash, yields nothing but salicylic acid (E. v. Gerichten a. W. Bossier, 
Ber. xi. 705, 1586). 

Mettxoxytoluic Acids, G‘>H'«03 = C‘‘H3(OOH»)(CH3)(COOH) (C. Schall, 
xii. 816). The methylic ethers of these acids are best prepared by the action of 
methyl iodide on the sodium salts of the hydroxytoluic acids, 0®H®(ONa)(CH3)COONa. 
Those of the three meth-homosalicylic acids, OOH^ : OH’-* : COOH — 1:2:6, 
1 : 3 : 6, 1 : 4 : 6, are oily liquids smelling like winter-green oil, and decomposing 
partially when boiled. 

Methylic Methoxy-orthomethyljparabenzoate, or Methylic OrtkomaaniscUe, 
OCH^ : CH* : COOCH^=l : 2 : 4, crystallises in small plates melting at 67°, spar- 
ingly soluble in hot water, easily in alcohol, ether, benzene, and chloroform. 

^ Methylic Methcxy-metamethylioarahenzoatc, or Metahomoanisate [1 : 3 : 4], is a 
thick oil. 

^ These ethm^s, which are all volatile in steam, are converted into the corresponding 
acids by heating with excess of alkali : 

OOH“ CH^ COOH 

12 6 Feathery needles, m. p. 81° 

13 6 Groups of needles or plates, m. p. 103° 

14 6 Long thin needles, m. p. 67° 

12 4 Minute silky needles, m. p. 192° 

13 4 Needles, m. p. 176° 

These methoxytoluic acids are converted by oxidation with potassium perman- 
ganate in alkaline solution into tlie corresponding methoxyphthali c acids, 
C®H*(OCH^)(COOH)(COOH), and this transformation determines their constitutional 
formulae, and therefore the constitution of the corresponding hydroxytoluic acids 
(p. 1531). The structure of these latter cannot well be determined by converting 
them into hydroxyphthalic acids by fusion with potash, as this process is apt to lead 
to transpositions in the side-chains ; neither can the constitution of a hydroxytoluic 
acid be determined by direct oxidation with permanganate, as the benzene-nucleus is 
then attacked and not the CH®-group. 

The following table exhibits the relations between the hydroxytoluic and methoxy- 
toluic acids and the corresponding derivatives of phthalic acid : 


1. 

' 2. 

1 

3. 

Orthohomosalicylic acid, 
12 6 
G^m.OE.cmcooR 

m. p. = 164°, 

Metahomosalicylic acid, 
13 6 

C«mOH.CH3.COOH 
m. p. = 173°. 

Orthohomomet-hydroxy- 
benzoic acid, 

C«H^OH.GmGOOH 
m. p. = 204°. 

Methorthohomosalicylic 

acid, 

C^H-’*.OCH«.CH3.COOH 
m. p. = 81°. 

Meth' metahomosalicylic 
acid, 

GW.OCH^.CH^COOH 
m. p. = 103°. 

Methoxyortho-methyl- 
metabenzoic acid, 

G«mOCH».CmQooH 

m. p. = 156°. 

/3-Methoxyisophthalic acid, 
12 6 
C^mOOH^COOHCOOH 
m. p. = 217°. 

Methoxyterephthalic acid,^ 

12 5 

CH».OCH3.GOOH.COOH 
m. p. = 278°. 

^-Hydroxyisophthalic acid, 

C«HhOH.COOH.COOH 
m. p. 239°. 

Hydroxyterephthalic acid, 

C«mOH.GOOH.COOH 

m. p. above 300°. ■% 
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4. 

1 

5. 1 

6. 

Parahomosalicylic acid, 

1 4 6 

C«H".OH.CH3.COOH 
m. p. = 151°. 

Orthohomoparahydroxy- 
benzoic acid, 1 

CmOH.GH».GOOH 
m. p. « 172°. 

Metahomoparahydi’oxy- 
benzoic acid, 

13 4 

CmOH.CH'bCOOH 
m.p. = 178°. 

Methparahomosalicylic 

acid, 

14 6 

C«mOOH*CmGOQH 
m. p. =*= 67°. 

Methoxyorthomethyl- 
parabenzoie acid, 

12 4 

C«H800H».GmC00H 
m. p. « 192°. 

IVIethoxymetamethylpara- 
benzoic acid, 

C^H^.OCHlOmOOOH 
m. p. « 176° 

a-Methoxyisophthalic acid, 

C«H3.0CH®COOH.COOE * 

m. p. = 261°. 

Methoxyorthophthali c 
acid, 

13 4 

C^H^.OGH^OOOH.COOH 
m. p. = 138°-144°. 

a-Hydroxyisophthalie acid, 

C«H2.0H.COOH.COOH 
m. p. above 300°. 

Hydroxyorthophthalic acid, 
13 4 

C^H^.OH.GOOH.COOH 
m.p. = 181° 


Sulphotoluic Acid, C‘*H®(CH®)(C0-H)(S0®H). This acid is obtained by oxida- 
tion of tlaiocymene (from camphor) "with nitric acid, and may be purified by conversion 
into the lead salt and decomposition of the latter "with hydrogen sulphide, these opera- 
tions being repeated several times. It crystallises from aqueous solution in long thin 
hydrated prisms (Tlesck, Ber. vi. 481) ; in concentric groups of needles containing 
1 mol. water, easily soluble in water, alcohol, and ether (Bechler, J. pr. Ckem. [2], viii. 
170). The potasskm salt, G’^H®(CO‘^H)(SO®K) + 3H-0, crystallises from a solution of 
the acid incompletely neutralised with potash, in well-defined prisms. The lead salt, 
C^H®(CO-)(SO^)Pb -f 3H^O, separates immediately as a granular powder on adding 
lead carbonate to the warm aqueous solution of the acid ; by evaporating the solution 
it may be obtained in granular crusts (Plesch). According to Bechler (who, however, 
did not obtain it quite pime) it contains only 1 mol. WO. The magnesium salt, 
0’'H‘’'(C0“)(S0®)Mg + SH^O, crystallises in tufts of colourless needles, very easily 
soluble in water (Bechler). 

By fusion with potash, this sulphotoluic acid is converted into a hydroxytoluic 
acid melting at 202°-203°, and therefore different from any of the five hydroxytoluic 
acids above described (Plesch). 

Fittica {Liebig's Annalen, clxxii. 328 ; Ber. vi. 942) describes a sulphotoluic acid 
isomeric with the above, obtained by adding thiocymene from thymol to nitric acid of 
sp. gr. 1*2, and evaporating the solution to dryness on a water-bath, and purified by 
boiling the residue with alcohol, decanting the mother-liquor from the crystals which 
separate on cooling, and recrystallising the product several times. The acid thus 
prepared is insoluble in water, sparingly soluble in alcohol, and crystallises therefrom 
in stellate groups of anhydrous needles melting at 190°. It dissolves in ammonia ; 
blackens, and yields sulphuric acid when boiled with aqueous potash, soda, or baryta ; 
and is decomposed even by heating with water or calcined magnesia. Its magnesiuon 
salt, C^H®(C02)(S0^)Mg, formed by boiling the alcoholic solution of the acid with 
magnesia, separates in yellowish crystals, which under the microscope exhibit rhombic 
forms. 

Alphatoluic or Phenylacetic Acid, C®H®,CH2.COOH. The amide of 

this acid is formed by prolonged heating of benzyl cyanide with an alcoholic solution of 
potassium hydrosulphide (p. 314), and when heated with alcoholic potash is converted 
into the acid melting at 66°-67°. 

^ Potassium phenylacetate is decomposed by the electric current into the base and 
acid, but the acid is quickly oxidised by the oxygen and ozone evolved at the positive 
pole, to benzaldehyde and benzoic acid. A solution of the free acid is but slowly 
electrolysed, yielding the same products, together with two neutral substances, one 
melting at 90°— 93°, the othmr at 115° (Siawik, JBer. vii. 1051). Phenylacetic acid in 
alkaline solution is oxidised by potassium permanganate to benzoic acid ; and when 
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ozonised oxygen is passed into the same solution, benzaldehyde is given oflF, and 
benzyiic phenylacetate,^ C®H®.0H-.000CH2(O®H5), is obtained as a light yelloiv 
liquid having a faint aromatic odour, a density of 1*101, and boiling at S17°-319° 
(Siawik). 

Phenylacetic acid, heated Tvitli phthalic anhydride and sodium acetate, is converted 
into henzylidene-diphthalyl, C®H*.CW.CH.C®H® (p. 1620), 

a~Tolimitril, JPhenylacetomtril, or Phenyl-methyl Cyanide, C'’H®.CH'‘^.CN, is the 
chief constituent of the essential oils of the garden cress (^Lepidium sativmn) and the 
garden nasturtium {TQ'opcsolmn majus). See Cress-oils (p. 58-1). 

Parabromalx^hatolnic acid, C®H‘‘Br.CH'-*.COOH, formed by heating ^-bromo- 
benzyl cyanide at 100°, with hydrochloric acid in sealed tubes, crystallises in long 
white needles, which melt at 114’5°. It decomposes carbonates very slowly, but dis- 
solves readily in ammonia and soda-ley, forming salts. By oxidation with chromic 
acid it is converted into parabromohenzoic acid. 

Ammonium parahTomalphatohiate forms white needles easily soluble in water. 
The silver salt, O^H®Br.CO^Ag, is a white precipitate nearly insoluble in water ; the 
copper salt, (C^B[®BrOO“)^Ou, a bluish- green nearly insoluble precipitate; the calcium 
and barium salts crystallise from water in needles (Jackson a. Lowery, Per, x. 1209). 

Para-iodalphatoiuic acid, C®H‘‘I.OH-.COOH, formed in like manner from 
the corresponding cyanide (p. 2007), and purified by crystallisation from boiling 
water, forms white acuminated plates melting at 185°, sublimes in needles, dissolves 
readily in hot water, also in alcohol, ether, benzene, carbon sulphide, and glacial acetic 
acid. By chromic acid mixture, it is oxidised to jj-iodo benzoic acid. Its silver 
salt, C^HLCH^.COOAg, crystallises from boiling water, in which it is slightly soluble, 
in shining plates; the barium (C®H.‘*I.CH‘-*.COO)-Ba-fH20, forms small white 
easily soluble needles; the calcium salt, easily soluble branching needles. With 
solutions of heavy metallic salts, p-iodalphatoluic acid forms variously coloured pre- 
cipitates (Mabery a. Jackson, Per. xi. 55). 

TOXitrxc AIiBEHVBES, C»H«0 - C«H-‘(CH«)OOH. Orthotoluio Aldehy^ is 
prepared by beating orthoxylyl chloride, C^H^Ol, for an hour with \ mol. lead nitrate 
and 6 or 7 pts. water : 

C‘'.CH3.0H2CIH^ + Fh'NO^ « Pb'Cl -h NOm + C^CH^.COH.H^. 

It is a yellowish, strongly refracting liquid, smelling like bitter almond oil and 
cinnamon oil, boiling at 200°, and forming a crystalline compound with hydrogen- 
sodium sulphite (Lauth a. Grimaux, Pull. Soc. Cliim. [2], vii. 233 ; Rayman, ibid. 
xxvii. 498). By sodium-amalgam and water it is converted into the corresponding 
xylyl alcohol, C®H-*(CH^).OH-OH, which crystallises in needles soluble in alcohol, 
slightly soluble in water, melts at 54°, and boils at 210°. At the same time there is 
formed a body analogous to hydi’obenzoin, melting at 173° (Eayman). 

Kydroxytoluic Aldehydes, = C«H3(OH)(CH3)COH (Tiemann a. 

Schotten, Per, xi. 767)* These compounds are prepared from the three isomeric 
cresols by the action of sodium hydroxide and chloroform : 

+ 4NaOH + CHOP = 3NaCl + 3H'0 -f C'He(ONa)COH. 

20 pts. of the cresol are heated in a flask with inverted condenser with a solution of 
50 pts. sodium hydroxide in 160 water, and 30 or 40 pts. of chloroform are gradually 
added. The mixture, which usually becomes cherry-red, is acidified at the conclusion 
of the reaction, and distilled in a current of steam. The aldehyde homologous with 
salicylic aldehyde then distils over, together with unaltered cresol. The remaining 
liquid, filtered from a resinous compound (rosolic acid), deposits on cooling crystals of 
a homologue of parahydroxybenzoic aldehyde, when ortho- or meta-cresol has been 
used; paracresol, on the other hand, does not yield a similar compound. 

The homoporahydroxybenzaldehydes from o- and m-cresol, like parahydroxybenz- 
aldehyde itself, form easily soluble compounds with hydrogen-sodium sulphite ; the 
three homosalicylic aldehydes, on the other hand, like salicylic aldehyde itself, form 
sparingly soluble compounds with that salt. 

Orthocresol, treated as above, yields the two following compounds : 

Orthohomosalicylic aldehyde, 0®H^(OH)(OH*)(OOH) ~ (1 : 2 : 0), melting at 170° 
to an oil, which boils at 208°--209° ; and 

Orthohomoparahydfoxybenzaldehyde, C®H®(OH)(CH®)(COH) = (1 : 2 : 4), crystal- 
lising from water in long feathery prisms, which melt at 115°, 

Brom metac resol have been prepared : 

Metahomosalicylie aldehyde, C“H’(OH)(OH®)(COH) = (l : 3 : 6), melting^at 54°, 
boiling at 222°-223° ; and 
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MetaloiwparaoxyhmzaMehyde, C»ff(OH)(CH2)(OOH) = (l : 3 : 4), which crystal- 
lises hrom water in white tabular plates, which melt at 110°. 

Paracresoi gives only one aldehyde, namely : 

Pmakomosalic^lic aUekyde, C“H‘‘(OH)(CH»)(COH) = (l : 4 : 6), a bright yellow 
oil, solidifying at 40®. When crystallised from dilute alcohol, this aldehyde melts at 
56®,andhoilsat 2i7®-2l8°. ^ ^ ^ 

The three homosalicylic aldehydes dissolve sparingly in ■water, easily in alcohol, 
ether, and chloroform. With ferric chloride, the ortho-aldehyde gives a bluish, the 
meta- a violet, and the para- a deep blue colour. They smell like salicylic aldehyde, 
which they further resemble in being coloured yellow by alkalis, and in the sparing 
solubilily of their ammonium salts in excess of ammonia. Alcoholic solutions of these 
aldehydes, mixed with a little ammonia, give white precipitates with lead acetate and 
silver nitrate ; with copper sulphate they give green precipitates, which are not dis- 
solved by excess of ammonia. 

The two homoparahydroxybenzaldehydes dissolve in hot water, easily in alcohol, 
ether, and chloroform. With ferric chloride the ortho-compound gives a bluish violet, 
the meta-compound a bright rose-red colour. Their alkaline solutions are colourless. 
With metallic salts they behave like the homologues of salicylic aldehyde, but their 
precipitates with cupric sulphate dissolve in excess of ammonia. 

The hydroxytoluic aldehydes are converted by oxidation with potassium perman- 
ganate into the corresponding hydroxytoluic acids, very slowly when the aldehydes 
are simply dissolved in water, more readily in presence of acetic acid. The easiest 
way of effecting the conversion is to fuse the aldehydes with potassium hydroxide 
containing a little water, the fusion being continued for a few minutes, water then 
added, and the acids precipitated by hydrochloric acid (p. 2023). 

^ ar ah omo salicylic aldehyde is remarkable for the facility ■with which it 
crystallises, and reacts with other bodies. By treating it, in quantities of a few 
grams, with excess of sodium-amalgam, for a day or two, neutralising exactly with 
sulphuric acid, and extracting ■with ether, parahomosaligeoiin (parahomosalicylic 
alcohol), C®H^(0H)(0H^)(CH2OH) = (l : 4 : 6), is obtained in colourless brilliant 
needles, melting at 105®, which may be purified by crystallisation from a small quan- 
tity of hot water. Parahomosaligenin dissolves easily in alcohol and ether, and in all 
proportions in boiling water. It reacts like saligenin. In neutralising as above with 
sulphuric acid, a small quantity of a compound is usually precipitated, which melts at 
200®-205°, and probably consists of a homologue of saliretin. 

When parahomosalicylic aldehyde is boiled for five hours with methyl iodide and 
a solution of potash in methyl alcohol, and the mixture poured into water, methyl^ 
parahomosalicylic aldehyde separates as an oil, which, after washing with water and 
soda-solution, boils at 254® ; it smells like creasote, and does not react either with 
ferric chloride or with caustic soda. 

The potassium derivative of the aldehyde, when suspended in anhydrous ether and 
treated with acetic anhydride, gives a corresponding ace^yZ-derivative, which melts at 
57°, and is also unaffected by ferric chloride. It combines with hydrogen- sodium 
sulphite, and xmites directly with 1 mol. of acetic anhydride, to form a compound from 
■which the aldehyde character has entirely disappeared. This compound melts at 94°, 
and is completely decomposed by boiling water and by soda-solution. 

An attempt was made, by boiling the aldehyde for an hour with an equal weight 
of dry sodic acetate and excess of acetic anhydride, to obtain homologues of coiimariii 
and coumaric acid : 




0— CO 

— CH’=:CH 


and C®H3(CH*)|°2=:C!H-C00H. 


The product was poured into water, and the oil which separated taken up with 
ether. The ethereal solution was shaken, first with sodium-hydrogen sulphite solution 
to remove unaltered aldehyde, and then with sodium carbonate to remove acetocou- 
marie acid, which is always formed in this reaction. On evaporating the remaining 
ethereal solution, a well-ciystallised product was obtained, which smelt of coumarin, 
and gave on analysis numbers which pointed to its being a mixture of methyl-cou- 
marin and the above-mentioned addition-compound of acetoparahoinosalicylic aldehyde 
■with acetic anhydride ; it melted between 60® and 88°. The acid extracted from 
the ethereal solution by sodium carbonate, having been boiled with allmlis to remove 
the acetyl-group, gave an acid which melted at 185°, and showed the crystalline form 
and reactions of orthocoumaric acid. 

Parahomosalicylic aldehyde and orthohomoparaoxybenzaldehyde, on nitration, 
yield only orthonitro-derivatives, the first melting at 141°, the second at 152°. Both 
are crystalline bodies, insoluble in cold, soluble in hot water, and both exhibit the 
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aldehyde character. Ordinary salicylic aldehyde, according to Mazzara, gives an ortho- 
and a para-nitro-derivative. But in the hy&oxytoluic aldehydes above described, the 
para-position is already occupied, in the first by a methyl-group, in the second by 
a COH-group ; these aldehydes, therefore, give only orthonitro-compounds (Schotten, 
Ber. xi. 784). 

XOliXriDlwrES, C«H^(NH2).CH*. See Toltjenhs (Amtdo-), (pp. 1995, 2000). 

T01.tr<itriW0asrB, C'Hfi03 = C‘*H3(0H3)02=:0«.CH3.0.H.H.0.H (Nietzky, Ber. 

s. 832, 1934). This compound is formed by the oxidation of paradiamidotoluene or 
of orthotoluidine dissolved in sulphuric acid, 'with manganese dioxide, potassium 
dichromate, or ferric salts ; and in like manner, though less readily, from amidazo- 
toluene. It crystallises in golden-yellow, sharply-pointed, rhombic laminse, ha\ing the 
characteristic odour of quinones, very volatile, melting at 67°, slightly soluble in cold, 
more readily in hot water, very easily in alcohol and ether. The aqueous solution 
has a golden yellow colour, and is turned brown by alkalis. 

Chlorotoluqiiiuones. The di- and tri-chloro-derivatives of toluquinone, which 
Graebe a. Borgmann obtained by the action of potassium chlorate and hydrochloric 
acid on the mixture of cresols from coal-tar, have been further examined by South- 
worth (Liebig's Amialen, clxviii. 267), who has prepared them from the pure isomeric 
cresols. 

Meiacrcsol treated with potassium chlorate and hydrochloric acid becomes first 
black, then red, and is ultimately converted into small yellow globules which quickly 
solidify and sink to the bottom ; and by washing these with water and distilling them 
with steam, dichlorotoluquinone,* G’’H‘*Cr-0-, is obtained as a yellow crystalline 
mass. This compound crystallises from alcohol in yellow, transparent tables, which 
become brown on exposure to light. It is slightly soluble in water, but dissolves in 
alcohol and ether. It may be sublimed, but decomposes partially at the same time. 
Solution of sulphurous acid converts it very readily into the corresponding quinol, 
C*''HOP.OH*'*.(OH)-, a colourless body, which, when crystallised from water, retains 
water of crystallisation, probably 2H-0. It melts between 167° and 169°, and may 
be sublimed without decomposition. By treatment with acetyl chloride it furnishes 
an acetyl-derivative which crystallises from alcohol in small clustering needles melt- 
ing between 122° and 124°. 

Bichlorotoluquinone is not reduced to toluquinol by the action of sodium- 
amalgam. 

Orthocresol similarly treated y i elds a mixture ofdi-andtrichlorotoluquinone, 
convertible by reduction with sulphurous acid into the corresponding di- and tri- 
chloroquinols, which may easily, be separated by distillation with water, the 
former volatilising readily with the steam, while the latter remains in the residue. 

Bichlorotoluquinol, 0®HCr'^.CH®.(0H)^, melts at 110°~1 21°, sublimes easily, and 
crystallises from hot water in feathery needles. 

Trichlorotoluquinol crystallises from the solution left after distillation in long 
needle-shaped crystals. It melts at 211°-212°. This was the melting point found 
by Borgmann for his trichlorotoluquinol obtained from coal-tar cresol, which also 
agrees with this compound in the rest of its properties. It would, therefore, appear 
that the two compounds are identical, and hence that orthoeresol is an essential con- 
stituent of the cresol from coal-tar. 

The trichlorotoluquinone above mentioned is identical with that which Hayduck 
obtained by oxidising orthotolnidine-parasulphonic acid with potassium chlorate and 
hydrochloric acid (p. 2017). 

Baracresol, on account of its structure, is incapable of conversion into a quinone ; 
when treated -with potassium chlorate and hydrochloric acid it yields nothing but 
dark-coloured uncrystallisable products. 

12 5 

Toluquinol, C wo- -C®H3(CH^)(OH)( OH) (Nietzki, x. 832, 1934; xi. 
1278). This compound is formed by the action of sulphurous acid on the quinone, 
and crystallises from hot benzene in broad colonrless needles, which melt at 124° and 
sublime partly without decomposition. It dissolves very readily in water (much 
more readily than the 6-carbon quinol), also in alcohol and ether, less readily in ben- 
zene. By slow oxidation it is converted into a quinhydrone, then into toluquinone. 
The quinhydrone is obtained in nearly black slender needles on mixing the aqueous 

In Southworth’s paper these chlorinated quinones are distinguished as c?i7o?^-oHho- or c^or-nieta- 
quinones, according to the cresol from which they are formed ; but as there can be only one tolu- 
quinone, viz., that above formulated, these terms are not very appropriate. 
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solutions of molecular proportions of toluquinone and toliiqnjnol, and agitating tho 
yellow-brown liquid with ether. It melts at 52°. ^ 

Toluquinol heated with auc&tyl chloride yields a di acetyl -derivative, which 
crystallises in large colourless plates, melts at 52°, and is converted by oxidising 
agents into the toluquinone. 

Me thy I- to hcqutnols . — A mixture of 12 pts. toluquinol and 30 pts. methyl iodide, 
heated for 12 hours at 100° with 8 pts. sodium hydroxide andlOO pts. methyl alcohol (or 
better with a solution of the calculated quantity of sodium in methyl alcohol), yields, 
as chief product, dimethyltoluquinol, together with a small quantity of 

monomethyltoluquinol, The latter melts at 72°, boils at 245°, dis- 

solves in bemsene, is but slightly volatile with water-vapour, and is converted by 
oxidation into toluquinone. Simeihyltoluq^dnol is slightly soluble in water, insoluble 
in aqueous potash, boils at 214°-218°, and likewise volatilises with water-vapour. 
By oxidation in glacial acetic acid (1 pt. of the quinol in 12 pts. acetic acid and 8 pts. 
water) with potassium dichromate (1-3 pt.) and sulphuric acid (3 pts.), it is converted 
(like ethyl-pyrogallol) into dihydroxymethyl-ditolylquinone, 

= C®H-(0H®)(OCfi[®).0~O.(OCH^)(CH^)C®H2. This last compound is nearly insoluble 
in water, but dissolves easily and with deep yellow-red colour in alcohol, ether, 
glacial acetic acid, and benzene, and crystallises in light brick-red or brown needles 
which melt at 153°, and sublime when cautiously heated above the melting point. 
By heating with aqueous ammonium sulphide it is converted into the corresponding 
hydro-compound, which crystallises from alcohol or benzene in slender 

needles melting at 173° ,* is nearly insoluble in acids, and is reconverted by oxidation 
into the quinone-like body. 

When dimethyl-toluquinol is heated for several hours at 190° with eight or ten 
times its weight of strong hydrochloric acid, there is formed, together with methyl 
chloride, a substance having the composition 

quh;» 203 = C«H2(CH3)(OH)— 0-(OH)(CH«)C‘*H2, 
which is that of the anhydride of tetrahydroxyditolyl, 

C«H2(CHS}(OH)2— (OH)2(CH3)C«H2. 

This anhydride is insoluble in water, soluble in alcohol and benzene, and crystallises 
from the latter in long fiat needles containing benzene, from alcohol • in colourless 
shining laminae which effloresce when heated. It unites with 1 mol. water, but it is 
not yet decided whether the water is taken up as water of crystallisation or whether 
the resulting hydrated body consists of tetrahydroxyditolyl. The anhydride lieatod 
with zinC“dust yields a semi-solid hydrocarbon having the odour of lemon-oil. 

TOXitm^, C^H^'O = A monatomic acid radicle homologous with 

benzoyl, C®H®.CO. The same name is sometimes applied to the phenolic radicle, 
= properly called Tolyi.. 

TOIitnrii-BEKrZiOIC ACIB, C^^H^^os^OH^.C^mCO.O^HfCO^H. This acid 
is formed, together with ditolyl-ketone and diphenyl-ketone-diearboxylic acid, 
C02H.C®H^.CO.C®H‘‘.CO“H, by the oxidation of ditolylmethane, 

with a mixture of potassium chromate and dilute sulphuric acid (Weiler, Ber. vii. 
1181); also, together with a dicarboxylic acid, (OTI^.CO“H)-CO, by oxidation of 
ditolyl-ketone with a mixture of chromic acid and glacial acetic acid (Ador a. Krafts, 
Comyt. r&nd. Ixxxv. 1163). It separates from the solutions of its salts on acidula- 
tion, as an extremely gelatinous precipitate, convertible by drying and trituration 
into a white powder, and crystallises from methyl alcohol or acetone in slender 
shining needles. It dissolves with great difficulty in cold, and only sparingly in hot 
water, but readily in methyl alcohol, ethyl alcohol, acetone, glacial acetic acid, potash, 
soda, and ammonia, less easily in benzene and in chloroform. Strong sulphuric acid 
dissolves it, even at ordinary temperatures, more readily at a gentle heat, forming a 
golden-yellow solution, from which it is thrown down by water as a white fiocculent 
precipitate. It melts at 222°, and at a higher temperature undergoes partial carbon- 
isation, and yields a white woolly sublimate (Weiler). According to Ador a. Krafts 
it melts at 228°, and sublimes without decomposition. Itsyotassium salt, 
forms tufts of long white needles. The sodium and ammonium salts also crystallise 
well (Weiler). 

TOEmrEEXTE. Syn. with Stilbene or Biphenylethyuene, 

= C2]h; 2(C«H5)2 (p. 675). The same name is sometimes applied in combination to the 
diatomic radicle C^H®, more appropriately called Tolylene (g.r.) 
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TOXiVl^y^ or Methyl-Phenyl, C’H’ — C®H‘*(CH^). A monatomic radicle, meta- 
meric with Benzyl or Phentl-methtl, CH2(C®H*). 

On Ditolyl, and its derivatives, see pp. 691-693. 

TOXiirXi .aXiBEKlTBS. Syn. with Toluic Aldehyde (p. 2027). 

TOXiimi OYAWIBB, is converted into tolyl-thioearbimide, 

C^H^.N—CS, and tolylthioearhamide, CS[NH(G^H’)p, in the same manner as phenyl 
cyanide into the corresponding phenyl -compounds (p. 1546). 

TOXiYX.-Aia]:BOGi:iYCOX.i:i-AMZBBS, -AIO'ZX.ZBBS, and -TOZitTZBES. 

See Glycollamidbs (pp. 882, 883). 

TOZiYXiAlVZZIirBS, C®H^(NH2).CH®. Syn, with Toltjidines. 

TOt.Yl.AHSEB*ZC COlMCPOtTSTBS (La Coste a. Michaelis, Bcr. xi. 1888). 
Ortho-Tnonotolylarsenmcs Chloride, AsGP.C’H’, is obtained by the action of (ortho)- 
mercury-ditolyl on arsenious chloride. It is a colourless liquid of faint odour, 
boiling at 264°-265°, and may be distilled unchanged in an atmosphere of carbonic 
anhydride. It is converted by chlorine-gas into the tetrachloride AsGP.C^H^, a 
yellow liquid, which is decomposed by water into hydrochloric and monotolylarsenic 
acids. The corresponding para-compound is similarly obtained from (para)-mercury- 
ditolyl (m, p. 235°). It crystallises in colourless plates, which melt at 31°, and dis- 
tils unchanged in an atmosphere of carbonic anhydride at 267°. The tetrachloride 
solidifies at a slightly reduced temperature ; water decomposes it similarly to the 
ortho-compound. Both the above chlorides are converted by aqueous sodium carbon- 
ate into monotolylarsenoxides, AsO.G’'H^ These are white powders, resembling 
arsenious oxide, easily soluble in hot alcohol, insoluble in ether. 

The ortho-compound fuses at 146°, the para-compound at 156°. On raising the 
temperature, both undergo decomposition, with liberation of arsenious anhydride, the 
latter jdelding tritolylarsine crystallising in plates (m. p. 129°-130°). 

OrthomoroicJylarsinic acid, O^H’'.AsO(OH)^ is the product of the action of water 
on the tetrachloride previously mentioned. It crystallises from its aqueous solution in 
slender needles, which melt at 160° to a colourless liquid. The para-compound, 
similarly prepared, crystallises from its aqueous solution in long needles, which on 
heating do not melt, but are decomposed at a temperature of 300°. 

TOZ.YB-BTTTYZiEM’E, GmC^H^.GH^.G^HS is formed, together with 

diallyhand dixylyl, by heating 1 mol. metaxylyl chloride, GJS^.G®H‘‘.GH”C1, 1 mol. 
allyl iodide and 4 at. sodium on the water-bath till reaction begins, then 
cooling the mixture to prevent the action from becoming too strong, and again heating 
it on the water-bath for six or eight hours. The pure toly 1-butylene, separated from 
the crude product by filtration and fractional distillation, is a limpid liquid having a 
sweetish odour, boiling at 195°, and uniting with bromine to a colourless oil which 
does not solidify at —10° (Aronheim, Ber. ix. 1789). 

TOZiYXi-CARBAMZBE, or TOZ.YX.-VBEA, G^H^oN^O = Nm GO.NH(G‘H^). 

Sell obtained a monotolyl-carbamide by the action of potassium cyanate on toluidine 
sulphate, and described it as crystallising in white needles, and decomposing at 158° 
into ammonia and ditolyl-carbamide (i. 872). Schwebel {Ber. xi. 1128) obtains a 
tolyl-carbamide, together with tolyl-hydantoic acid, tolyl-hydantoin (q.v.), and tolui- 
dine, by fusing tolylglycocine with urea. The tolylearbamide thus obtained crystal- 
lises in silvery needles, insoluble in water, not attacked by acids or alkalis, and de- 
composing at about 200°. Lastly, a tolyl-carbamide melting at 182° is obtained by 
the reaction described in the following article. As all these three products were 
obtained from ordinary y>-toluidine, it is probable that the differences between them 
are due to different degrees of purity. 

TOBYB-CABBZZffOZ., G®H’«0 = GH^.G^mGH^OH. Syn. with Xyiyl Alco- 
hol {q.v.) 

TOBTBCAKBOBZZMZBOTHZACETZC ACZB, 

Cioh'2N=SO= = 

is formed, like the corresponding phenyl-compound (p. 1555), by the action of mono- 
chloracetic acid on _p-toluidine thiocyanate, or on a mixture of a metallic thiocyanate 

* There is some confusion in the use of this term, as it is applied sometimes, as above, to tjie 
7-carbon radicle, methyl-phenyl, , sometimes to the 8-carbon radicle, C®H* 

= ; but this latter, being derived from xylene, is better called ‘ xylyl,’ e.g. C®H®Br 

= = hromoxyJene or xylyl bromide. ' ' 
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with toluidine. It mplts at 176®--! 82°, and is resolred by prolonged heating with 
sulphuric acid into thioglycollic acid and ^-tolyl- carbamide, melting at 182° • 

+ fi^o = oHXSH).cooH + 

(Nencki, J*. pr. Chem. [2], xvi. 1 ; Jager, ihid, 17). 

TOXiYXi-GKXiORAOETAlVKXBS, CH^Cl.CO.NHCC^H'^.CH®) . See Acetamides 
(P. 7). 

Z> 2 -TOXYXiDXAZX 2 a‘S, = Asotolu&im , — 

The ortho- and jpam-modifications (a and vi. 265; vii. 1163) are formed by 
reduction of liquid and solid nitrotoluene respectively with sodium-amalgam.^ The 
para-compound is however more readily obtained in the pure state by oxidation of 
p-ditolyl-hydrazine (p. 1057). It melts at 144®-145®, sublimes with decomposition, 
and is less soluble in alcohol than the ortho-compound (Petrieff, Ber. vi. 556). It 
may also be prepared in considerable quantity by oxidation of p-toluidine : 
(a). With bleaching powder in presence of chloroform (B. Schmitt, J. pr. Chem, [2], 
xviii. 196) ; (5). By drenching the toluidine with a quantity of hydrochloric acid not 
sufficient to dikolve it completely, and then treating it with a solution of potassium 
permanganate. The ethereal extract of the resulting mass leaves on evaporation a 
black mass, from which petroleum-ether extracts a substance crystallising in reddish 
needles, having the composition and melting point of ditolyl-p-diazin ; and the second 
and third ethereal extracts of the crude product yield crystals melting at 244°-245®, 
and having the composition of ditolyl-ditolylene-tetrashi, (Barsilowsky, Ber, 

vi. 1209 ; xi. 2153). See p. 203 1. 

Bromo-^-ditolyldiazhij obtained by direct bromination, crystallises in concentric 
groups of needles, which dissolve with difficulty in alcohol and ether, easily in chloro- 
form and benzene ; it melts at 136°, and sublimes without decomposition at a higher 
temperature. 

Mononitro-^'diiolyldiazm (m. p. 76°) and the dinitm-com^ound (m. p, 1100°?) 
are formed by heating the paradiazin with nitric acid of sp. gr. 1*4, the dinitro- 
compound separating from an alcoholic solution on cooling in yellow needles, 
and the mononitro-compound from this mother-liquor in white needles. Stronger 
nitric acid of sp. gr. 1*54 converts the paradiazin into a trinitro-ditolyloxydiazin, 
C^‘*H^*(N02)^N20, melting at 201° (Petrieffi); compare vii. 1163. 

Orthoditolyldiazin may be advantageously prepared by oxidising o-toluidine 
with potassiiim permanganate, the yield amounting to 30 per cent, of the toluidine 
used. It is nearly insoluble in water, but dissolves readily in alcohol, ether, benzene, 
carbon sulphide, and chloroform, and crystallises in well-defined prisms having a fine 
red colour, and melting at 55°. It volatilises readily with water-vapour, is not attacked 
by boiling soda-ley, but dissolves in strong sulphuric acid, and 'is precipitated from 
the solution by water, apparently unchanged. It is not altered (neither is the para- 
compound) by further treatment with potassium permanganate (Hoogewerff a. van 
Dorp, Ber. xi. 1202). 

Metaditolyldiazin, prepared by reduction of metanitrotoluene with sodium- 
amalgam, or better with zinc-4ust and alcoholic potash, separates from alcoholic 
solution in large orange-red crystals very much like those of diphenyl-diazin (azo- 
henzene). It melts at 54° (Barsilowsky, Ber, x. 2098, 2240). A. Goldschmidt (ibid. 
xi, 1625) obtains the same compound, together with metatoluidine, by distilling the 
crude product of the action of alcoholic potash on metanitroluene, and finds that it 
crystallises in large red tablets melting at 51°, insoluble in water, easily soluble in 
alcohol and benzene, deliquescing in ether into symmetrical metaditolyl-hydrazine. 

Ortlio-aiiiidodilK>lyl(llazixi, or ^-Amldazotoluene, 

CH“ OT 


This compound is formed by treating orthotoluidine floating on a saturated solution 
of common salt with nitrous acid ; and on washing the resulting thick dark-hrown 
oil with soda-ley, and treating it with hot dilute hydrochloric acid, the liquid on 
cooling, especially after addition of strong hydrochloric acid, deposits laminae of 
amidodiiolyl-diazin hydrochloride, which after drying in a vacuum has the composi- 
tion C‘^H‘®N®,HC1 ; it gives off hydrochloric acid at 100°, dissolves sparingly in cold 
water, easily in water acidulated with hydrochloric acid, and in alcohol. The base 
separ^ed by ammonia forms thin laminae or tabular crystals having a golden lustre 
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and blue snrface-sbimmer, melts at 100°, and dissolves readily in alcohol and ether, 
but is insoluble in water. Its salts have an orange-yellow colour, and are decom- 
posed by water ; the silver' salt forms golden-yellow easily decomposible laminse ; the 
platinochloride, thin brown plates, which when dried at 100° have the composition 
(Oi4Hi5]s[3,HCl)2PtCl^ (Kietzky, JBer, x. 662, 1165). 

CH» OH" 

o p 

Ortitio-amldotolylparatolyldiazin, 


is very much like ortho-amidotolyl-o-tolyldiazin ; it melts at 127°~128°, and forms 
salts which have a steel-blue lustre and exhibit a crimson colour in acid solution. 
The hydrochloride, C^H^®N®,HC1, crystallises in cinnabar-red needles; the f latino- 
chloride is insoluble in water, and contains 5 percent, water, which it gives off at 130°. 

Amidoplienylparatolyldiazin, C«H‘*(NH2).K2.C^H;’', crystallises in needles 
an inch long having a dark yellow colour and blue shimmer ; melts at 147° ; forms a 
rose-coloured hydrochloride crystallising in nacreous rhombic tablets, and a platino- 
chloride which crystallises in brown needles, and when dried at 130° has the com- 
position (0^®H^^lSr®,HCl)2ptCP. The silver salt, (C^3^^W)2AgOH (at 100°), crystal- 
lises in golden-yellow scales. 

Metamidoditolyldiazin (metamidazotoluene) is easily formed by the action 
of nitrous acid on metatoluidine. Its salts are but slightly soluble in water ; the hydro- 
chloride crystallises from alcohol containing hydrochloric acid in long dark steel-blue 
needles which are decomposed by water ; the acid solutions of the salts have a fine 
red colour. The base itself forms golden-yeUow needles melting at 80°. The platino- 
chlonde, (C*^H^®N®,H01)2PtOP (at 130°), forms yellow, metallically lustrous laminse, 
nearly insoluble in water and in alcohol. Paratolyldiasin-tolylamide and oneta- 
tolicidine hydrochloride react in alcoholic solution, with elimination of p-toluidine, 
forming metamidotolylparatolyldiazin, which crystallises in yellow laminse melting 
at 127°. The hydrochloride of this base consists of stellate groups of steel-blue 
laminge ; the platinochloride, (C^^Hi®K^Hl)2PtCP, of sparingly soluble needles having 
a bronze lustre. 

Ortho-amidoditolyldiazin and aniline hydrochloride heated with alcohol at 160° 
yield a red dye-stuff resembling saffranin, which dissolves in water with red, in strong 
hydrochloric acid with deep blue colour, changing to red on dilution. The jp-o-com- 
pound yields a violet colouring matter ; the tolylphenyl-compound a violet colour with 
ortho-, a blue-violet with _p-toluidine. These colouring matters are reduced by zinc, 
yielding colourless solutions, which quickly become coloured on exposure to the air. 

The mixture of^ bases obtained by reduction of metamicloditolyldiazin gave by 
oxidation, after addition of a small quantity of orthotoluidine, the green coloration 
characteristic of (^7z-o)-tolylenediamine (vii. 1180). Hence, in the bodies above 
described the substituted groups probably stand in the positions 1 (methyl), 2, 6 
(Nietzki, loo. cit.) ’ ’ 

Tolylamldotolyldlazln, = C’H^Nz:zN.HH(C^H0. Diazotohmie- 

amidotoluene (Nietzki, x. 662, 1155). — This compound is formed by dissolving 
2 pts. paratoluidine and 1 pt. amyl nitrite in 8 to 10 pts. ether, and leaving the soItx^ 
tion to evaporate in a moderately warm place. It then remains as a crystalline pulp, 
which may be purified by; washing with alcohol. When mixed in alcoholic solution 
with hydrochloride of aniline or orthotoluidine (not of paratoluidine), it unites with 
those compounds, forming salts of diamidotolyldiazins—bodies homologous 
with chrysdidine OtT phenyl-m-diamidophenyldiazin, 0'H®N~N.C®H^(NH2)2 (p. 469). 

. To prepare these compounds, a mixture of tolyl-tolylamido-diazin with somewhat 
more than the theoretical quantity of aniline hydrochloride or orthotoluidine hydro- 
chloride is drenched an eight to ten- fold quantity of alcohol, whereupon the reaction 
takes place attended Vi th rise of temperature, and is completed in three or four hours. 
The product boiled with dilute hydrochloric acid yields a solution which on cooling 
deposits the hydrochloride of the diamido-diazin compound. The reaction may per- 
haps be represented by the following equation : 

C6H4(CH3)Niz:N.NH(C«H^.CH3) + = 

C«HXCH3)N=N.C<’H2(OH3)(NH2)2 + C^H^. 

The same compounds may be prepared (like chrysoi’dine) by the action of tolyl- 
diazin salts (diazotoluene salts) on phenylene- and tolylene-diamiues (p. 470). YThe 
following have been obtained by 0. N. Witt (Chem. Soc. J. xxxv. 181) • 

. VoL. VIII. 6 P 
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Orthotolyl-metadiamidophenyldiazin, or 
Orthotolylphenyleue-chrysoidine 


Paratolyl-metadiamidophenyldiazine, or 
Paratolylphenylene-chrysoidine . 


Ph enyl-metadiamidotolyldiazin ft, or 

Phenyl-tolylene-clirysoidine 


Orthotolyl-tolylene-clirysoidine 


Paratolyl-tolylene-ehrysoidine 
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The hydrochlorides of these bases form splendid yellow and orange dye-stufis, 
known commercially as * chrysoidincs.’ 

Phenyl-'tolylene-chrysoidinesuljpho7iic acid is represented by the formula : 
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Bitolyl-ditolylene-tetrazin, = C^H’Nr=N.C^H®.O^H«.N— 

or I II (Barsilowsky, Ber. xi. 2153). This is the compound formed, 

together with y}-ditolyl-diazin, by oxidation of y?-toluidine with potassium perman- 
ganate (p. 1996). Its formation is explained by Barsilowsky as follows : 2 mols. 
toluidine are first converted into ditolyl-hydrazine, part of which 

is oxidised to y?-tolyldiazin, while another portion is converted into the isomeric 
toluidine, NH-(C^B[’).(C’’H'^)NH-, a molecule of which unites either with 2 mols. 
toluidine, as indicated by the equation : 

I + + 202 = 4H20 + I 

or with 1 mol. of symmetrical ditolyl-hydrazine : 

I +1 + 0* - 3H20 +1 II 

0’H«.NH2 C^H«N— NC^H^ 

This compound, treated with chlorine or bromine, ^elds nothing but resinous products. 
The hydrazine, prepared from it, is dissolved by acids and precipitated 

from the solutions by alkalis without alteration. Its alcoholic solution treated with 
acids forms saline precipitates, of which those formed by sulphuric, hydrochloric, and 
nitric acid cannot be obtained in the crystalline state. Those formed with organic 
acids are, however, more stable, the most characteristic being the oxalate, 
+ H^O, which is crystalline, slightly soluble in water, easily soluble 
in alcohol, especially with aid of heat, but decomposes when heated in an air-bath 
even below 100°, and gives up part of its acid even to water. With methyl or ethyl 
the hydrazine forms only resinous products; with acetyl chloride it forms a 
crystallisable body, consisting either of or C-'^H2'5N'‘(C2H20)b 

Tolyl-oxytolyldiazin, or Oxyazotolueue, O^H^.NrxN.OC’Hb formed, 
together with two other compounds, by the action of paratoluidine acetate on nitroso- 
phenol, crystallises in orange-yellow prisms, somewhat soluble in hot water, and 
melting at 151°. It possesses acid properties, and forms a silver salt which crystal- 
lises rn shining orange-coloured needles. 
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Bitolyl-oxydiazin, 0_^^H^^N20 = C’H’N.0.NC^H^ Asoxyiolitfie.— This eom- 
poTind, formed, together with ditolyldiazin, by the action of sodium-amalgam on 
nitrotoluene in alcoholic solution, crystallises, according to Melms, in yellow needles 
melting at 70® ; according to Petrieff, in large laminae melting at 67® (see vii. 1163).* 

Mbnobroino-i^-ditolyl-oxydiazm (p. 1163), and the corresponding dibromo-com- 
pound, are obtained by dissolving y?-ditolyl-oxydiazin in bromine not cooled. The 
latter is slightly soluble in alcohol, and crystallises in needles melting at 138® (Petri efF, 
Ber. vi. 556). 

Mononitro-^-ditolyl-oxydiazin, melting at 84®, and the dinitro-compound at 145®, 
are obtained by heating ^-ditolyl-oxydiazin (m. p. 59®) with nitric acid of sp. gr. 1‘4. 
Both crystallise in yellow needles, and may be separated by alcohol, in which the 
dinitro-compound is insoluble (Petrieff, he, cit,) 

Biamldotolyl-oxydlazin, C»H'«N'0 = 

Xq/ 

Azoccytoluidine (E. Buckney, Ber. xi. 1451). — This base is formed as a thick pulp on 
gradually mixing a concentrated solution of nitro-p-toluidine in absolute alcohol with 
very small pieces of sodium-amalgam (50 g. substance being reduced in li- to 2 days). 
It may be purified by recrystallisation from a large quantity of water, and then forms 
small yellow needles melting at 148°, slightly soluble in cold, more freely in hot 
water and alcohol. With strong hydrochloric acid it forms a sparingly soluble 
yellow-brown hydrochloride, 0^‘‘H^®N'‘0,2HC1, from the aqueous solution of which 
platinic chloride throws down the yellow double salt, C‘^H‘®hf'*0,2HCl,PtClh 

Biamidoto lyldiazin, corresponding hydra- 

sinCj are formed simultaneously by the action of 

sodium-amalgam on the oxydiazin in alcoholic solution, and may be separated by 
their difference of solubility in alcohol. The diazin, also called azotoluidine, is easily 
soluble in alcohol, is precipitated from the alcoholic solution by water, and crystallises 
in red needles melting at 159°. The hydrazine^ (hydrazotoluene), crystallises 

in small colourless plates melting at 180®, nearly insoluble in water, ether, and cold 
alcohol, sparingly soluble in hot alcohol, and easily oxidised in alcoholic solution 
(even by heating in contact with the air to diamidotolyldiazin. 

Bitolyl-hy drazines, The symmetrical modifications of these 

C^HhNH 

compounds, | , also called hydrazotoliienes, are formed by the action of sodium- 

amalgam or ammonium sulphide on the corresponding ditolyldiazins or -oxydiazins 
(vii. 1163). The ori5/<!o-compound (m, p. 165°) is permanent in the dry state when 
kept from contact with the air, but is converted into ditolyldiazin or -oxydiazin 
when dissolved in alcohol or water. When dry chlorine oxide gas, CPO, is passed 
into its ethereal solution, a white powder is formed, whose aqueous solution gives 
with the nitrates of silver and copper insoluble precipitates from which alkalis sepa- 
rate a body crystallising in nacreous laminae, sparingly soluble in water, easily in 
alcohol and ether, and appearing from the analysis of its hydrochloride, 
to be an isomeric tolidine or diamidoditolyl, C^^H*^(NH-)^ (vii. 1163). At the 
same time ditolyl-oxydiazin and an addition-product are formed, the reaction being 
represented by the equation : 

3CNH16N2 + 201=0 = C'^H>«N=,2HC1 + C'®«N=.C1=0 -l- 
(Petrieff, Ber. vi. 556). 

Meiaditolyl-hydrazine (symmetrical), obtained by the action of alcoholic ammonium 
sulphide on w-ditolyldiazin, is easily alterable in contact with the air, and is con- 
verted by addition of sulphuric acid to its solution in dilute alcohol, into »4-tolidine 
sulphate, [C®H=(CH=)N'H=J=H=SOV' which is easily soluble in water, insoluble in 
alcohol, and crystallises in laminae having a satiny lustre. m-Tolidme is separated 
from this salt by ammonia as an oil which solidifies at low temperatures, forms salts 
with hydrochloric and nitric acids, and is coloured blue by ferric chloride (A. Gold- 
schmidt, Ber. xi. 1625). 

* As botli Melms and Petrieff operated on solid nitrotoluene, tlie great difference bctween^lie 
melting points of tlie ditolyldiazins wMcb they obtained is not easy to account for, except on the 
supposition that Melms’ product was contaminated \rith ditolyldiazin, which melts at 137°. 

6 P 2 
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^ TOXtVIiBZPH£S3Smi-METKAI7Zi, CH(C^H0(C®H5)2 (E. and 0. 

Eiseher, Liebig^ s Amalen, cxcir. 282). This hydrocarbon is prepared by the action of 
boiling alcohol on diazoleueaniline chloride (p. 1178). "Wbien recrystalHsed from 
methyl alcohol, it forms spherical groups of prisms easily soluble in ether, benzene, 
and ligroin, less easily in cold alcohol and "vrood-spirit ; it melts at 69'^-59*5°, and 
boils without decomposition at a temperature above 360°. Nitric acid converts it 
into a number of nitro -compounds, one of which, when treated with zinc-dust and 
glacial acetic acid, yields leucaniline. 

Tol 3 rldipli 6 nyl Carljinol, G-°H^®0 = (C^H'^)(C°H^)*COH, obtained by oxidising 
the hydrocarbon dissolved in glacial acetic acid with chromic acid, crystallises from 
ligroin in six-sided prisms or tables, melts at 150°, dissolves easily in ether, alcohol, 
and benzene, less easily in ligroin, and boils without decomposition. 

TOXiTXiE17£-CARB AAflCATE, ETH7X.XC or TOXiYXiEETE-VRETH ASTE, 

CO*OC“H®’ formed, together with tolylene-diamine hydro- 
chloride, by the action of ethylic chlorocarbouate on tolylene-diamine : 

20'HioN2 + 2(C2H«O.OO.C1) = C^^HisN^O^ -{• C^H'‘»N2,2HC1. 

On dissolving the product in water, the urethane separates first in fine crystals, which 
may be purified by treatment with animal charcoal and recrystallisation from alcohol. 
It forms dazzling white needles having a silky lustre, soluble in ether, and melting at 
137°. On distillation, the greater part passes over unaltered, but the remainder is 
decomposed into alcohol and tolylene isocyanate, C^H“(NC0)^. The same compound 
is obtained more abundantly by distilling the urethane with phosphoric anhydride, 
and passes over as a strongly refractive liquid having, a fearfully pungent and tear- 
exciting odour. In contact with ether, this liquid quickly solidifies, and therefore 
appears, like many other cyanates, to pass into a*polymeric modification. The solid 
body thus formed consists of stellate groups of yellow transparent crystals melting at 
96°, and reconverted by alcohol into tolylene-urethane. 

TOEYEEKTE-BIAMiaWES, Syn. with Dumno-TOLUENES 

(pp. 2003-2005). 

TOXiYXiEATE - BZCARBAMZBE, or TOEYXiElO'E - BX17REA, 

C^H®(NH.CO.NH-)^ which Strauss obtained, by adding tolylene-diamine to» a cooled 
solution of potassium cyanate (vi. 1117), is also formed by the action of ammonia on 
tolylene-isoeyanate. It forms shining crystalline scales sparingly soluble in alcohol 
and in boiling water, melting at 220°. When heated with ethyl iodide.at 110°, it is 
converted into diethyl-tolylene-carbamide, a yellowish body soluble in alcohol 
and ether, melting at 175° (Lussy, Ber. viii. 291). 

TOX.YEEETE-THXOCARBAMXBE, C^HfiN^S =. N2(C^H«)(aS)H2, is formed 
by the action of potassium thiocyanate on a warm aqueous solution of tolylene-diamine, 
the immediate product of the reaction being tolylene-diamine thiocyanate, which is 
subsequently converted into the thiocarbamide (Lussy, p. 2003). 

On Toltlene-dithiocaebamide, C'H«(NH.CS.NH^)^ and its Ethyl- and Phenyl- 
derivatives, see Caebamibes (p. 399). 

TOBYB-GBYCOCISSTE, C^H^NO^ = C^H^NH.CH^.COOH. This compound, 
which P. J. Meyer obtained by heating 2 ?-toluidine with monochloracetic acid (p. 881), 
may also be prepared by prolonged heating of toluidine chloracetate with water. 
When purified by recrystallisation from hot water (which is attended with partial 
decomposition), it crystallises in slender colonrless felted needles, and after a further 
crystallisation in long straw-yellow needles which melt, with decomposition, at 166°- 
168 (Mejers product melted at about 145'^, and decomposed at about 170°). Its 
solution in strong hydrochloric acid gives a crystalline precipitate with platinic 
chloride, amorphous precipitates with mercuric chloride and stannous chloride, green 
with cupric sulphate (Schwebel, Ber, x. 2045). 

CH2.N(0’H’).CO.NH2 

TOBYE-HYBAKrTOIC ACIB. | , and TOEYE- 

COOH 

CH2N(C^H^). 

HYBAR’XOXET, Hybantoic Acib (p. 1046). 

TOEYE.HYBRAZXM*B, CmC^H^.NH.NH^. See Hydeazines (p. 1057). 

. OmC^H^.CO.NH.CO=02H^ See Oxamic Ethers 

(p, 1457). 
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TOXi-7Z.PBEHVl^ACEXXC ACID, ^‘g*^OH.COOH 

(Tanisch, Ber. x. 996). This acid, homologous with diphenyl-acetic acid (p. 665), is 
produced by the action of toluene and zinc-dust on phenyl-bromacetie acid, the product 
consisting mainly of ^-tolyl-phenyl-acetic acid, with a smaller q^uantity of the ortho- 
acid. 

Paratolyl-phenylacetic acid dissolves sparingly in cold water, a little more freely 
in boiling water, readily in alcohol, ether, chloroform, and carbon sulphide, and 
crystallises in nearly rectangular plates, melting at 115°, and subliming, when more 
strongly heated, in oily drops, which gradually solidify and then melt at 108°-110°. 

The potassium salt crystallises from a concentrated solution in clear monoclinic 
plates, containing 4 mol. of water. The sodium salt is very soluble, and forms needles 
■with 6 mol. of water. The harium salt could be obtained only as a resinous mass, 
and the calcium salt, which is well adapted for the purification of the acid, is very 
sparingly soluble in cold and hot water, and crystallises from dilute hot alcohol in 
glistening needles containing 2 mols. of water. The salts of lead, copper, silver, and 
zinc are precipitates ; the first crystallises from hot alcohol in needles ; the copper 
and zinc salts dissolve also in alcohol, and more freely in ether-alcohol, separating in 
•viscid drops, which gradually solidify. The methyl-ether is a thick oil, and the ethyl- 
ether crystallises from alcohol in plates melting at 34°. The amide forms needles, 
which are grouped in warty masses and melt at 151°. The soluble salts of the acid 
are decomposed by carbon dioxide. Chromic acid solution oxidises the acid to para- 
tolylphenyl ketone and parabenzoylbenzoic acid. 

On purifying^ the crude acid by crystallisation from alcohol, a mother-liquor is 
obtained, containing an oily acid, which cannot be crystallised, and consists of a mix- 
ture of the para- and ortho-acids. A separation of these could not be effected, but 
their presence was proved by oxidation, a mixture of para- and ortho-benzoylbenzoic 
acid being thereby produced. 

j>-TOXiirXiPKBN'iri:i.CAHBXZa‘OXi, C^^H^'‘0 = CH®.C“H^.CHOH.C°H5, ob- 
tained by the action of sodium-amalgam on jp-tolylphenyl ketone (p. 1154), forms, 
when purified by crystallisation from ligroi’n, concentric groups of colourless needles 
having a silky lustre and melting at 52°-53°. A mixture of tolylphenyl-carbinol 
and benzene heated with phosphoric anhydride yields tolyldiphenyl-methane (p. 2036) : 

C^HhCHOH.O«H® + = H^O + CH(C'H0(C«H^)2 

(E. and 0. Fischer, Liebig's Annalen, cxciv. 265). 

TOXiYXiPHEldrYZi-Cil.KSOSLVXiZC il.CXB, 

C14H2202 = CH3.C«H‘‘.C«H1C00B[, 

produced by incomplete oxidation of solid ditolyl with chromic acid, melts at 243°- 
244° (Carnelley: see Ditoltl, p. 691). 

CH3(C®H*')(C^H’)NS and BITOXiYXi- 
GVAXTXBXXrK, See Guanidines (p. 909). 

TOBYIiPHEIffYI. KETONES, == cm C«H100.C«H5 (Plascuda a. 

Zincke, Ber, vii. 375). The preparation and properties of the para- and’ ortho-modi- 
fications of these bodies and their chlorinated derivatives have already been described 
(pp. 1154-1156); also their oxidation to para- and ortho-benzoylbenzoic acid respec- 
tively (p. 309). 

Nitro- derivative $. — Mmionitrotolylphenyl Ketone, CH^.C'^H'^CO.C‘'H‘*(N 0-), 
produced by the action of fuming nitric acid on solid tolylphenyl ketone, is identical 
with the nitromethylbenzophenone obtained by the ‘action of dilute nitric acid on 
benzyl-toluene (vii. 183). It crystallises from hot alcohol in broad shining laminae 
or groups of needles, melts at 126°-127°, and sublimes easily in shining laminae or 
groups of needles, dissolves readily in chloroform, benzene, and hot acetic acid. By 
boiling its solution in glacial acetic acid with chromic add, it is oxidised^ to benzoic 
acid and metanitrobenzoic acid (m. p. 140°). The greater part of the nitro-ketone is, 
however, completely burnt in this process, and the first product of the oxidation, viz. 
mononitrobenzoylbenzoic acid, has not been obtained. 

JOinitrotolylphenyl Ketone, C^'*H^®(NO-)-0, is produced by prolonged boiling of 
dinitrobenzyl-toluene (p. 183) with nitric acid of sp. gr. 1-4, or by heating its solution 
in glacial acetic acid with chromic acid. It crystallises from acetic acid in thick 
yellowish needles, from alcohol in silky laminae,* melts at 126°-127° ; decompose at 
9 , higher temperature, without subliming ; dissolves with moderate facility in benzene 
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and in chloroform, less easily in ether. By oxidation it yields paranitrohenzoie acid 
and dinitrobenzoylbenzoic acid, 

THnitrotolylfhenyl Ketone^ C^®(NO-)®0, obtained by adding solid tolylphenyl 
ketone or its mono* or di-nitro-derivativ'6 to a mixture of nitric and sulphuric acids, 
crystallises from alcohol or from glacial acetic acid in small well-defined yellowish 
prisms, melts at 16d^, and decomposes without subliming at a higher temperature. 

The nitro-derivatives of orthotolylphenyl ketone are uncrystallisable resins. 

PZSTACOXiZXrs, 028H“'0. See Ketones (p. 1155). 

TOS^TXrPHEirirZi-StrZiPKOIirz:, C^HkSO^.C^H^ See StTLPHONES (p. 1855). 

TOXiTZrZi-SXXiXCOnrxc ACXB, C^H^SiO^H. An acid produced by the action 
of ammonia on silico'tolyl chloride, G^H^SiCP (p. 1794). 

XOXiYZi-SUXrPBOXXBES (p. 1856). 

NH CH^ 

TOZiYXi-TBXOHYD ABTOXKT, GS<; 1 . See Hydantoin (p. 1047), 

\N(C^HO—CO 

TOX.YX.-TOXYXEK'E-CHRYSOIBXWE, = C’B:^NrzN.G^B:s(NH2)2. 

A homologue of chrysoi'dine, more properly called Diamidazotoluene or Tolyldiamido- 
tolyldiazin (p. 470). It crystallises in stellate groups of orange- coloured needles, 
easily soluble in alcohol and ether, almost insoluble in water. The hydrochloride, 
crystallises in red needles, and yields a crimson platinochioride 
(Hofmann, Ber. x. 218). 

TOPAZ. The following analyses of topaz have been published by H. Klemm 
{Jahrh. /. Min. 1874, 189). 

1. Pyrophasite. 2. Topaz from Miask. 3. Prom Preiberg. 4. Values deduced 
from the formula SAPO^SiO- + SiP^, the fluorides being reckoned as the equivalent 
quantities of oxides : 



1 

2 

3 

4 

F . . . , 

. 37-106 

17*167 

17*447 

17.50 

Si02 . 

. 33*643 

33*469 

33*323 

33*16 

A1^03 . 

. 56*213 

56*529 

56*350 

66*70 


On the Crystalline forms of Topaz, see E. Bertrand (Zeitschr, Kryst. i. 297) ; 
Laspeyres {ibid, 347); Jeremejew {ibid. ii. 504); Seligmann {ibid, iii. 30); also 
Jahresb, f. Chem, 1877, 1305; 1877, 1237. On Minerals enclosed in Topaz, see 
Hartley {Chem. 8oc. J, xxxi. 241). On Corrosion-figures of Topaz, see Baumhauer 
{Jdhrb.f. Min. 1876, 1), 

On the Decomposition of Topaz at high temperatures, see Silicates (p. 1792). 

TOPAZOXiXTE. Crystals of this mineral (a variety of garnet) from the trap- 
rocks of New Haven, Connecticut, are described by E. S, Dana {Sill, Am. J. [31, 
xiv. 215 ; Jahresb. f. Chem. 1877, 133 3). 

TOEBAXfXTE. On the supposed formation of this carbonaceous mineral from 
petroleum, see W. Skey {Chem. News, xxxi. 16). 

TOXTEZVXAXiZET. Green tourmalin from Campolongo has been analysed by 
Th. Engelmann {Zeiischr. Kryst. iii. 312) with the following result : 

B SiO“ Al=0=> Be=0=* 3?eO MnO MgO Na“0 K®0 H“0 

0’60 39-26 38-33 9*40 4-51 1*12 1*02 2*43 0-38 2-41. ^ 99*46 

Sp. gr. of opaque crystals from Campolongo, 2*802 ; of transparent crystals from the 

same locality, 2*969 ; of crystals from the Binnenthal, 2*925. 

Intergrowths between tourmaliH and orthoclase are described by E. H, Williams 
{Sill. Am. Jf. [3], xi. 273). The tourmalin crystals, which are imbedded in quartz or 
orthoclase, were found in a quarry near Port Henry, New York. 

The Corrosion-figures of tourmalin and topaz have been examined by H. Baum- 
hauer {Jahrh. f. Min. 1876, 1). 

TEAOHYTE. Analyses. 1. Prom Gladstone in Queensland, resembling that 
of the Puy-de-D6me (Daintree, Creol. Soc. Qn. J. xxviii. 271). (2-5). Angitic tra- 
chytes from the Andes. 2. Prom Tunguragua : black, very finely crystalline ground- 
mass enclosing plagioclases, augite and magnetite. 3. Tunguragua: red, porous 
ground-mass enclosing numerous plagioclases and short prismatic augites ; magnetite 
is -^nting, haying probably been converted into ferric oxide : hence the red colora- 
tion. 4. Piehincha, 4,860 meters above the sea-level : greenish-black, finely crystal- 
line ground-mass, enclosing small augites and magnetite, also plagioclases containing 
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cavities and enclosed liquids. 5. Cachofruto, near Marmato : grey, very hard ground- 
mass enclosing tabular plagioclases, with small quantities of augite and magnetite 
Jahrb. f. Min, 1874, 93). 6. Trachyte from 'Wolferdingen, in the Wester- 

waid (Hilger, ibid. 18775 421). (7-9). Trachytes from the neighbourhood of 
G-leiehenberg (E. Ludwig, Min. Miitk. 1877, 276). 7. QuartzArachyte from the 

Schaufelgraben, near (rleichenberg, analysed by H. Frisch; sanidine and quartz in a 
dull, somewhat porous ground-mass; on decomposition it yielded 27*14 per cent, 
quartz. 8. Trachyte, north of G-leiehenberg, analysed by L. Smita. 9. Trachyte 
from the Schuh Villa, Gleichenberg, distinguished from No. 2 by a small amount of 
spathic iron ore ; analyses by J. Utschik. 10. Quartz-traoJiyte from the Tardree 
Mountain, County of Antrim, Ireland. The analyses and the microscopic examina- 
tion indicate the presence of 62 per cent, sanidine and 38 per cent, quartz and tridy- 
mite. The sanidine contains exactly equivalent quantities of potassium and sodium 
(A. V. Lasaulx, Min, jPet. Mitth. [2], i. 410). 11. Sanidim-phgioclase traxiliyteivQxn 

the Volcano of Ferra in Sardinia. 12. Sanidim-augite trachyte from the same 
locality (C. Bolter, Jahresb. f. (Jhem, 1878, 1287). 13. Quartziferons Banidine- 

trachyte from Nagy— Kovesd : red-brown ground-mass, much decomposed and rich in 
ferric oxide ; contains numerous quartz-grains and felspars enclosing laminse of mica 
and hornblende (Bolter, Jahrb. /. Min. 1875, 95). 14 and 15. Hornfelstrachyte from 
Markt Tiiffer in Styria. 14. Eed. 15. Green; sp.gr. 2*75 (K. v. Brasche {ibid. 
1873, 768). 16. Trachyte-tufa from WoUanin Styria, sp. gr. 2*51 (v. Brasche, loc. cit.) 


1. 

SiO“ 

67*80 

14*67 

Pe=0= 

5-35 

FeO 

MnO 

CaO MgO 

K*0 

5*65 

ITa’O 

4*60 

H“0 

1*30 

CO* 

r- 99*37 

2. 

66-06 

15*64 

— 

3*90 

0*71 

4*55 2*57 

2*36 

4*00 

0*30 

— 

= 100*09 

3. 

58*35 

16*74 

— 

6*71 

0*54 6*81 4*84 

1*18 

4-69 

0*31 

— 

= 100*17 

4. 

62*35 

17*32 

— 

4*51 

0*04 

5*43 3*60 

3*13 

4**29 

0*13 

— 

= 100*80 

5. 

63*00 

18*40 

— 

3*96 

0*10 5*36 3*71 

2*36 

4*22 

0*36 

— 

= 101*47 

6. 

59*87 

22*52 

0*32 

2*52 

0*13 2*50 0*46 

4*42 

5*78 

2*24 

0*30(J) 

1=101*06 

7. 

73*39 

14*12 

0*77 

0*67 

— 

1*25 0*29 

4*47 

3*66 

1*22 

— 

= 99*94 

8. 

61*44 

17*08 

3*67 

2*42 

— 

6*21 1*14 

3*86 

4*06 

2*04 

— 

= 101*92 

9. 

61-54 

15*97 

1*93 

2*98 

— 

5*52 0*82 

4*55 

4*48 

1*39 

2*43 

= 101*61 

10. 

64*66 

20*03 

— 



1*21 — 

8*61 

5*44 





= 99*95 

11. 57*01 

20*81 

4*13 

— 

— 

2*91 1*23 

6*30 

5*92 

1*41(2) 

— 

= 99*72 

12. 

55*11 

20*90 

6*11 

— 

— 

3-54 1*21 

7*52 

5*31 

1*04(2) 

— 

= 100*74 

13. 

66*46 

12*50 

10*11 

0*78 

— 

1*26 0*30 

1*68 

1*99 

5*05(2) 

— 

= 100*13 

14. 

81*67 

9*15 

1*72 

— 

— 

0*78 — 

4*83 

2*38 

0*31(2) 

— 

= 100*84 

15. 

77*74 

9-45 

2*23 

— 

— 

1-94 0*66 

4*08 

3*66 

1*19 

— 

= 100*95 

16. 

67*31 

8*91 

2*17 

3*58 

— 

5*13 1*44 

— 

6*30 

1*60 

— 

= 100*44 


( 1 ) paQ®. (“) Loss on ignition. In 12 and 13, traces of Mn and P“0®. 


S. de Luca {Compt. rend, Ixxxvii. 174) has detected lithium in the waters and 
certain earthy decomposition-products of the trachytic rocks of the Solfatara of 
Puzzuoli. 

On the Classification of Trachytes, see Boelter {Verh. gsol. Beichsanst. 1873, 172) 
andSzabo {ibid. 310). On the Trachytes of the Visegrad range near Budapest, see 
A. Koch {Zdtschr. geol. Ges. xxviii. 293 ; Jahresb. f. Chem. 1876, 1289). 

TRAP-ROCKS. The trap-rocks of Connecticut consist, according to G. W. 
Hawes {Bill. Am. J. [3], ix. 185), partly of diabases, partly of chloritic dolerites. 
The latter are metamorphosed dolerites, but the alteration has been produced, not by 
contact with the atmosphere (as in that case they would contain no ferrous oxide) but 
at the moment of eruption, by assumption of subterranean water and carbonic acid. 
For analyses, see the paper above cited ; also Chem. Boc. J, xxix. 350 ; Jahresb. f. 
Chem. 1875, 1272). 

On Trap-granulite. See Geanulite (vii. 578). 

TRAVT’WEXR'ZTE. This name is applied by E. Goldsmith {Bill. Am. J. [3],* 
T. 313) to microscopically small hexagonal crystals, implanted on chrome-iron ore 
from California. Qualitative analysis showed the presence of chromium, iron, and 
manganese. 

TREKAZ.OSB or MITCOSR, (iii. 1068). On the occurrence of this 

kind of sugar, together with glucose and mannitol, in the higher kinds of fungi, see 
Mannitol (p. 1267). 

TREMOZiXTE. This mineral has been found in veins in the granulSr lime- 
stone, to the east of Friedberg, in Austrian Silesia (Neminar, Min. Mitth. 1875, 111). 
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T3ElXAC£TOHAZiKA.»XXSrS, and TRXACSXOXTAMXia'B, 

See Acetonahines (pp. 29, 32). 

XRIACETYB-ABrTHRABURPITRIW, = C^^H5(C2H^0)305, See 

AlfTHEAPTJBPURIN (vil. 89). 

TRXACBTYZi-EMOX>rNr, C'^H"(C*H®0)®0^ Emodin (p. 732) treated with 
glacial acetic acid yields, according to the temperature, mono- or tri-acetyl-emodin. 
The former crystallises from glacial acetic acid in golden-yellow laminae melting at about 
180® ; the latter in light yellow needles melting at 190®. Both are easily reconverted 
into emodin by heating with alkalis (Liebermann, Ber, viii. 970). 

TRl- and BI-A.CETYJi-PI.AVOPURPXrRIIfl'. The c^^u^?fi^^^^-d6rivative, 
C^^H®(C'H®0)”0^, is the chief product obtained by boiling fiavopurpurin (p. 111) with 
acetic anhydride. When recrystallised feom glacial acetic acid, it forms golden-yellow 
laminse, very slightly soluble in that liquid, still less soluble in alcohol. It sublimes 
at 125°, melts at 238®, and is readily decomposed by potash, sodium carbonate, and 
ammonia. 

Triacetyl-fla'VopuTptcHn is found in the mother-liquors of the diacetyl-compound, 
and may be formed from the latter or from fiavopurpurin by heating acetic anhydride 
at 180®-200°. From glacial acetic acid, in which it is much more soluble than the 
diacetyl-compound, it crystallises in sulphur-yellow needles, which melt at 195®- 
196®, and are decomposed by potash or by sodium carbonate only at the boiling heat. 

TRIACETYE-HYBROCYiiirROSAXrRXM’, and TRXACETYE-EEtJCO« 
ROSAURIR'. See RosAtmiK (p. 1762). 

TRIACBTYE-PURPURIET, C^-W(C-H30)30^ See PuBPuniN (p. 1 11 ). 

TRXACETYE-TRIISOXYEEIffE, C’^H^‘50s = C‘5H(CH;^)-(0.C-H®0)l See 
Xyloquinones. 

TRIiLMXBOBEXJZEErE, = C'^Hs(NH:-) 3 [1 .* 1 .* 6]. This compound, 

originally obtained by the dry distillation of triamidobenzoic acid (vii. 147), is also 
produced by the reduction of dinitraniline with tin and hydrochloric acid. It is most 
readily separated from the resulting hydrochloride by distillation with lime frf)m 
short combustion-tubes bent downwards. The product thus formed is however not 
so pure as that which is obtained from triamidobenzoic acid, the former boiling 
at 340®, whereas the latter boils at 330°, though the two are theoretically identical 
(H. Sallcowskij^Stf?'. vi. 139). By oxidation it yields a colouring matter, which is also 
formed by heating chrysoidine with dilute hydrochloric acid at 150®-160® (Hofmann, 
Ber. X. 213). 

AcetyUthenyUnmiidohenzene, formed 

by heating triamidobenzenc with twice its weight of glacial acetic acid for ten hours, 
then adding water and evaporating down, crystallises with 2H-0 in geodes of prismatic 
crystals; melts at 8d®-90° ; gives off its . water, and resolidifies at 100°; dissolves 
readily in hot water, very sparingly in cold water. The anhydrous compound when 
distilled gives off a small quantity of acetic acid ; its boiling point is above that of 
mercury. 

Acetyl-ethenyl-triamidobenzene is converted by hydrochloric acid, with separation 
of acetic acid, into ethenyl-iriamidobenmie hydrochloride^ C°H'’(NH-)(N^H.C“H^),2HC1 
+ l^H^O, which forms easily soluble, highly lustrous crystals, mostly having a faint 
reddish colour and apparently belonging to the triclinic system. At 100® they give off 
their water and part of the hydrochloric acid (H, Salkowski a. C. Rudolph, Ber, 
X. 1692). 

TRXiiMXBOPKBErOE, C«H2(NH2)S0H. On the action of bromine and water 
‘on this compound, see Phenols (p. 1523). 

TRIAMYE-PHOSPHIETB, (C"H^i)»P. See Phosphines (vii. 955). 

XRIAZO^COIMCPOxniirB, Aniline and diphenyl-nitrosamine .act 

sti'ongly on one another, forming water, diazo-amidobenzene, amidazobenzene, di- 
phenylamine, and the compound which is sparingly soluble in alcohol, and 

crystallises from aniline in fiat, ruby-coloured, shining needles, melting at 236®. It 
is best prepared by heating 10 pts. diphenylnitrosamine, 10 aniline hydrochloride, and 
200 dry aniline fox an hour and a half at 120®-12o°5 mixing the product cooled to 60° 
with an equal volume of alcohol, washing the crystals which separate with alcohol, 
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drying them, and recrystalHsing from a ten-fold quantity of aniline The body thus 
obtained has probably the constitution 

and may be called a triazo-compound, as it contains 3 atoms of nitrogen linked 
together. It dissolves in strong sulphuric acid with violet coloration, and turns violet 
without dissolving when heated with hydrochloric acid. It is also formed when 10 
pts. amidazobenzene, 10 dipheuylamine, 10 aniline hydrochloride, and 200 aniline are 
treated as above (0. N. Witt, Ber. x. 1309). 

TOIBEWZHYBROXVIiAMIMTE, N(0^iI^O)3O. See Hydroxylamins 
( p. 1079). 

TRIBEN'ZOirXi-Aia’THBAPXrBPUBXn', C^‘*H®(C"H50)*0«. See Anthra- 
PUEPTJRIN (vii. 90). 

TBXBBlsrZOTXk-BZB.MZBOPHEE'OB, See 

Phenol (p. 1523). 

TRZBBETZOVZiBXrB-BBirZBSrB, C«(C«H^CO)s. This appears 

to be the constitution of the yellow body (C®H‘‘0), which G-abriel a. Michael obtained 
by the action of dehydrants on phthalyl-aeetie acid (p. 1622). It does not take up 
either hydrogen or bromine, does not melt at 450°, and is not attacked even by hot 
potash-ley. Melting potassium hydroxide, however, converts it into phenenyl- 
tri benzoic acid, G‘^H^(C®HhCO‘H)^ which may be purified by separating it from 
the fused mass, converting it into ammonium salt, exhausting this with alcohol, and 
repeating these operations several times upon the residue. The phenenyltribenzoic 
acid may then be separated from the residue by hydrochloric acid, and crystallised 
from alcohol or glacial acetic acid by mixing the solutions with hot water. Phenenyl- 
tribenzoie acid thus obtained forms prisms which dissolve easily in alcohol, ether, and 
glacial acetic acid, sparingly in benzene and carbon sulphide ; it melts at 269°-261°, 
and undergoes partial carbonisation at 447°. The silver salt contains or 

C-^H^Ag05,3H“0. The acid is not altered by nascent hydrogen, but when distilled 
over red-hot potassium hydroxide, it yields triphenylbenzene (Gabriel a. Michael, 
Ber. xi. 1007, 1679). 

TBXBBNZlTXiAlVKXXa'B, 17(011-. The crystalline forms of this base and 
of some of its salts have been determined by R. Panebianco {Gazz, chim, ital, 1878, 
854). The base itself and the platinoehloride crystallise in the monoclinic system ; 
the hydrochloride in the hexagonal system. The sulphate forms colourless monoclinic 
crystals, insoluble in water and in ether, soluble in alcohol, and melting with in- 
cipient decomposition at 1 0 6°~107°. Trihenzylamme-altm^ Al(C^H^)®NH(SO'^)^ 1 2H-0, 
crystallises in cubo-octohedrons, with octohedral cleavage ; it is soluble in water, in- 
soluble in alcohol and ether, melts in its water of crystallisation at about 110°, and 
decomposes at about 120°. Tribeoizylamine nitrate, (C^H^)^JS',HNO^ crystallises in 
the orthorhombic system, is slightly soluble in water and in alcohol, insoluble in 
ether, and melts with decomposition at 120°. 

Tribenzylaraine, subjected to exhaustive chlorination in presence of iodine, is con- 
verted into perchlorobenzene and perchloromethane (Ruofif, Ber. ix. 1483). Heated 
in a salb-water bath with ethyl iodide, it yields a crystallised iodide w'hich dissolves in 
alcohol, melts at 190°, and is resolved into its components by the action of silver 
oxide (G. Vasca-Lanza, Ber. vii. 82). 

TBXBEOMiLCBTAMZXkB, is formed, together wdth dibrom- 

acetamide and other brominated products, by the action of bromine on asparagine 
suspended in watei\ The action is very energetic, and on exhausting the resulting 
red liquid with ether, leaving the ether to evaporate, placing the residue over sulphuric 
acid till it solidifies, and recrystallising it from water, tribromacetamide separates out 
first, while dibromacetamide (melting at 156°-157°, resolidifying at about 125°) crys- 
tallises from the mother-liquors after neutralisation with ammonia (Guareschi, Gazz, 
chim. ital. 1876, 375). Tribromacetamide is also formed by the action of ammonia 
on hexbromacetone (Weidel a. Griiber, p. 1524). 

Tribromacetamide crystallises in shining white lamellae, which melt at 119*5°- 
121°, and are reproduced at 96°. It dissolves sparingly in alcohol, ether, and cold 
water, and is resolved by boiling with alkalis into bxomoform, carbon dioxide and 
ammonia (Guareschi). Sulphuric acid converts it into ammonium sulphate and tribrom- 
aeetic acid (Weidel a. Gruber). 

TRXBBOMACBTAXarXXiXBBy C«H-Br3.NH(C2H30). See Acetamibes (Brq- 

MQPHENYL-), p. 5, 
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TRIBROMACETIC ikCZB, CBr^COOH (p. 18). _ This acid is formed, 
together -vnth ammonium sulphate, by heating tribromaeetamide for several hours in 
a reflux apparatus at 128^-180°, with a mixture of 3 pts. sulphuric acid and 2 pts. 
water (Weidel-a. Gruber, loc, also, together with dibromacetic acid (which re- 
mains in the mother-liquors), by the action of bromine on a strong solution of malonic 
acid (Petri eff, JBer. viii. 355). 

Ethyl Trihromacetate, CBr^.COOC^H^ is formed by heating the dibromacetic ether 
with 1 mol. bromine at 120°. When freed from absorbed hydrogen bromide by heat- 
ing in a stream of carbon dioxide, it forms an oily liquid which fumes strongly in the 
air and decomposes partly when distilled. It is decomposed by water and alcohol, 
the products of decomposition containing bodies which reduce an ammoniacal silver 
solution (Kessel, Ber, xi. 1917). 

TRXBROnXikCETOPHE3)rOXa‘Xi-o-CABBOXVXiZC ACXB, 

CBP'.CO.C'^H^.CO^H. See Phenyl-ketones (p. 1565). 

TRZBROAXAXtOZE', C'®H'^Br^O', is formed, together with small quantities of 
more or less highly brominated products, by the action of bromine-water on barb- 
aloin (p. 63). It crystallises in yellow needles (E, Schmidt, Arch. Bharm. [3], 
viii. 496). 

XRXBRO»XilIM;XBOBB3rZE2)TEStTXiPHOBrZC ACXB. See Benzenesul- 
PHONIC ACIDS (p. 233). 

TRZBROMAIVCXBOBEE'ZOXC ACXB, , C«H:(NH2)Br3^0O-H [CO^H : 

~1 ; 3], is formed by the action of bromine on metamidobenzoic acid, and yields a 
tribromobenzoic acid melting at 186*5° (H. Vollbrecht, Ber. x. 1904). 

TRXBROlVlARrKYBROP'SrVXrRIXi, C^H^Br^N^O^. See Pybobacemic 
Ureidbs (p. 1721). 

TRZBROMAIO'TKRAqTTXia'OXa'E, ‘H'>Br=^02. One modification of this 
compound is obtained by heating anthraquinone with bromine containing iodine to 
275°. When purified by boiling it with soda-ley, and crystallising the residue from 
glacial acetic acid, it forms needles having a faint yellow colour, melting at 186°, 
and subliming at a higher temperature. It dissolves readily in toluene, nitrobenzene, 
chloroform, ciirbon sulpliide, and ligroi'n. Strong sulphuric acid dissolves it without 
decomposition. Heated with bromine at 320°, it is converted into a tetrabrom- 
anthraquinone, which, after purification as above, crystallises in yellow scales 
melting at 295°-30p°. The tribromo-compound (I'pt.) is converted by heating with 
sodiiim hydroxide (2 pts.) at 200°-210° into purpurin ; with potassium hydroxide 
at a lower temperature into hydroxypurpur-in, 0*‘H®0® (Diehl, Ber, xi. 179, 183). 

Another modification of tribromanthraquinone is formed by oxidising pentabrom- 
anthracene with chromic acid dissolved in glacial acetic acid. This product melts at 
365°, sublimes in broad flat needles, dissolves with moderate facility in the homo- 
logues of benzene and in glacial acetic acid, only sparingly in carbon sulphide, 
chloroform, aud benzene, and is nearly insoluble in alcohol and in ether (Hammer- 
schlag, Ber, x. 1212). 

TRXBROMETHAXTB, C'H^^Br^ The a-modification, CH^. CBr^ (b. p. 187°- 
188°), appears to be formed, together with a-dibromethane, CH^CHBr^ (b. p. 109°- 
110°), by the action of bromine on ethyl bromide (Denzel, Ber, xi. 1730). 

TRXBROMBTKirx.B3»‘B, C-HBr^. On the formation of the liquid and solid 
modifications of this compound from acetylene tetrabromide, see Acetylene (p. 35). 
Liquid tribromethylene, agitated w'ith oxygen gas, is converted into dibromacetyl 
bromide, C-HBr-O.Br (Demole, Comj^t. rend, Ixxxvi. 542). 

Trihromethylene Dibromide, C^HBr^.Br-, is one of the compounds formed by heating 
mucobromic acid with bromine and water in sealed tubes, its formation being especi- 
ally abundant when the two substances act on one another in molecular proportion. 
It crystallises in long colourless needles melting at 50°“52°, and is converted by 
alcoholic potash into tetrabromethylene, C-Br'*, melting at 50° (Liebig's Annalen^ 
clxv. 297). 

TRXBROMBXBTZ.-PBTHAi:.XX»;XBB. See Phthalimide (p. 1619). 

TRXBROMHYBROCOTAR»rX3!a*B HYBROBROIMCXBXS, 

See JSTarcotine, Oxidation-pboducts op (p. 1382). 

TRXBROMOSAPHXBTXXOIO'B, C^sH^sBr^Ofi. See Baphinitone (p, 141). 

TRXBRaMCOSBR-ZEZarBS, See Benzenes (Beomo-), (pp. 166-169). 
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TKXBROiaOBBlffZEWESXJliPKON'lC ACXBS, C^H^Br^.SO^H. See Ben- 
ZENEStJLPHONic AciDS (pp. 240-243). 

TBXBROBXOBEWZOIC iLCXBS, C®H“Br®.COOH. A tribromo'benzoic acid, 
melting at 234°-235°, was obtained by Beinecke by beating benzoic acid with bromine 
and water (vi. 310). Another, melting at 186*5°, is produced by the action of nitrous 
acid and alcohol on the tribromamidobenzoic acid which is obtained by treating 
metamidobenzoic acid with bromine. This tribromobenzoie acid is sparingly soluble 
in water and crystallises in needles. Its barium salt forms tabular crystals containing 

mol. H^O (H. Vollbrecht, Ber. x. 1704). 

TBXBBOMOBXX.XBVBlBr, C^^H^aBr^N^O® (Maly). See Bile-pigments 
(p. 325). 

TBXBBOMOBXACBTAXrXEXBB, 0®H2Br®.N(C^H.®0)^ See Acetamides 
(p. 5). 

TRXBROMODIiaETBTXiBTK'S'UZiN'ZES'B, C°£r»(CH^)^(C^B;‘). See 

Mbsittlenb, Homologdes op (p. 1 285). 

TBXBBOMOBXSMrXTBOBXPBEIO'YXiAMIKE, Ci2H®Br®(N02)2N. See 

Phentlamines (p. 1550). 

TBXBBOMOBXUXTBOFHOPXOXrXC ACXB, CBr®.C(NO2)2.0O0H, is pro- 
duced by the action of strong nitric acid on tribromophloroglucol : 

C®H®Br203 + GNO^H = C^HBr^N^O® + SCO^ + 4H20 + 

It forms white, scaly, inodorous crystals having a fine silky lustre, insoluble in cold 
water and in acids, easily soluble in alcohol and ether. When a few drops of water 
are added to its recently prepared alcoholic solution, it separates in stellate groups of 
slender needles. When boiled with water it yields oxalic acid and bromopicrin : 

2C®HBrWO® + H20 =- 2CBr®N02 + + N^O. 

By sodium-amalgam it is resolved into methylamine, oxalic acid, and hydrocyanic 
acid : 

2C3HBr®N20® + 17H2 = 2CH*N + + 2CNH + SH^O + 6HBr 

(E. Benedikt, Liebig's Annalen, clxxxiv. 255). 

TBXBBOlVIOPliAVOPTTBPirBXW, C*<H2Br®02(OH)®, is formed by adding 
bromine to a solution of flavopurpurin (p. Ill) in glacial acetic acid, and separates in 
orange-yellow needles melting with decomposition at 284°, sparingly soluble in glacial 
acetic acid, and dissolving, with yellow-red colour, in soda-ley (Schunck a. Eoemer, 
Ber, X. 1225). 

TBXBBOMOFXiirORBN'B, C^®H’'Br®. See Fluorene (p. 673). 

TBXBROMOGXiVOXAXiXBTB, C®HBr®N2 See Gltoxaline (p. 890). 

TBXBROMOGtrAXrAlVEXBXBrx:, C^N®H:-‘Br®0®. See Guanamide (p. 900). 

TBXBROMOXiACTXC ACXB, C^H®Br^O®, is formed by prolonged digestion of 
bromal hydrocyanide, C^HBr®0,HCN. with dilute hydrochloric acid (Pinner, Ber, vii. 
1499). 

TBlBROlWEOMETHYli-BlPHBXarYIiAMlNB, js formed, to- 

gether with tetrabromomethyl-diphenylamine and tetrabromodiphenylamine, by the 
action of bromine on methyldiphenylamine (p. 1550) dissolved in glacial acetic acid. 
On treating the resulting crystalline pulp with alcohol, the two brominated methyl- 
diphenylamines are dissolved out, while tetrabromodiphenylamine remains in the 
residue. Tribromomethyl-diphenylamine forms colourless transparent needles insoluble 
in water, easily soluble in alcohol and in benzene. Fuming nitric acid converts it 
into tetranitrodibro7nodiphenglamme, which crystallises from glacial acetic acid in 
yellow nacreous laminae or rhombohedral tables, but does not appear to have been 
obtained pure (E. Gnehm, Ber. viii. 1040). 

TBXBROMOlO'APKTRAX.EXrB, C^®H®Br3, See BTaphthalene-deritatives 
(p. 1351). 

TBIBBOBXOlO'ITROBEKrZEWBStrEPHOM'IC ACIBS, C®HBr®(N02)SO®H, 
See Benzenestjlphonic Acids (p. 247). ^ 

TRlBROMOPHEWAKTHBElfE, C^^H’Br® (p. 1514). 
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TRrZBBOMOPHSXffOXi, C^HWO, is formed, together with free phenol-di- 
sulphonic acid and other* products, by the action of bromine in excess on potassium 
phenol-disulphonate : 

2GSHX0H)(S0SK)"- + 3Br2 + 2 H 2 O 

G«H2Br3(OH) + Cm\OK)iSOmy -f HBr + 2KBr + + H^SO^ 

(M. V. Schmidt, Ber. xi. 852). It is also formed, together with tribromoresorcinol, 
by the action of pentabromoresorcinol on aniline (Benedikt, Ber.xi. 1559). On its 
reactions, see Phenols (p. 1525). 

TRXBBOMOX»BB3ffirZi-aZiVCpCXZ7£, 

CsH«Br«NO‘- = C«H2Br3NH.OmOOOH, 

obtained on adding bromine water to an aqueous solution of phenyl-glycocine 
(p. 1563) till a permanent coloration is produced, as a white precipitate, insoluble in 
water, acids, and alkalis, easily soluble in hot alcohol, from which, however, it does 
not crystallise. Prom hot glacial acetic acid it crystallises in colourless microscopic 
needles (Schwebel, Ber, xi. 1131). 

TBIBROMOPHXiOHO&ZitrcOB, C^H^BrSQ^ Qn the conversion of this com- 
pound into tribromodinitropropionic acid, see p. 1571. 

TBXBKOMOBBOPXOlfXC ACIB, C^^H^Br^O^. ^ An acid of this composition 
is obtained, together with a large quantity of oxalic acid, by the action of nitric acid 
in excess on acrolein bromide. It crystallises from boiling benzene, and melts at 93° 
(Linnemann a. Penl, Ber. viii. 1097). 

TBXBBOMOPYBOGAXiXiOXi, C®Br»(OH)3. See Pyeogaxlol (p. 1709). 

TBXSB.OMO^^tTXM'OXrB, C®HBr®0^ is formed, together withtetrabromoquinone 
(hromand) and other brominated derivatives of quinone, by acidulating an alkaline 
solution of ethylic succinyl-suecinate (see Addenda) with sulphuric acid, and mixing 
it with excess of bromine (P. Herrmann, Ber. x. 107). 

TBXBROMOP'STBORilCBMXC ACXB, CBr^CO.COSH. See Pyeoeacemic 
Acid (p. 1718), 

TBXBROMOBBSOBCXXffOXi, C'^H^BrSQ^, is formed by the action of bromine 
on an aqueous solution of resorcinoldisulphonic acid, the sulpho-groups being oxidised 
to sulphuric acid and thereby removed. It crystallises in colourless needles having a 
silky lustre. 

TBXBROMOSTBtTTHXXf, See Osteuthin (p. 1449). 

TBXBBOMOTOXiTTBxarsS, C^H^Br^OT. See Toluene (p. 1990). 

TBXBROMO-^-TOZ.XTBXrBSITX.PHOXO'XC a.CXB, C'^HBr3(CH3)(S03H). See 
Toluenesulphonic Acids (p. 2012). 

TBXBBOMOTOXiVXBXXirB, 0‘^HBr3(NH:2)(CH3). See Toluenes, Beomamido- 
(p. 1998). 

TBXBBOIKCOXYX.BXO'BS, Q^KBj:%CK^y. See Xylene. 

TBIBUTYBAMIWE (normal), [CH3(CH2)s]3X (b. p. 2U°--216°). See Butyl- 
amines (vii. 222). 

XRXBXTT'yXi(ISO)AlRS11>TE. A red crystalline compound of tri-isobutylarsine 
with arsenic iodide is formed by heating isobutyl iodide with powdered arsenic at 
175°-180° (Cahours, Com^pt, rend. Ixxvii. 1403). 

TBXBtrTYI.E3VrE (ISO-), This hydrocarbon is obtained, together 

with isodihutylene (p. 1128) by saturating trimethyl-carhinyl iodide with isobutylene, 
and heating the liquid with calcium oxide at 100° in a sealed tube for three hours. 
The product, after being freed from lime by digestion with dilute hydrochloric acid, is 
distilled in a current of steam ; and the oily distillate is freed from remaining traces of 
the iodide by digestion for a few hours with moist silver oxide, then washed, dried, and 
rectified over an alloy of sodium and potassium. The liquid thus obtained may be 
separated by fractional distillation into isodi butylene boiling at 102°- 105°, and 
isotributylene, boiling at 177°-178°, The same isotributylene is obtained by the 
action of trimethylcarbinyl iodide on isodibutylene in presence of calcium oxide in 
sealed tubes at 100° (Julie Lermontoff, Per. xi. 1256). 

Tri-iDbutylene appears also to be contained in the oily condensation-products 
formed in the preparation of trimethylcarbinol, 
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TRIBtTTTri.(lSO)PHOSPKlWB. See Phosphinbs (vil 955). 

TBlBXrT"SriiStri«PHrN-E.C03«CPOXrir2>S. See SULPHINES (p. 1850). 

TBXCABBAl.I.'^I.ZC iLCZB, 

= CH2(COOH).CH(COOH).CH2(COOH). 

This acid, originally obtained by the action of potash on allyl tricyanide, 
CH“(CN).CH(CH).CH^(GN) (v. 879) is also produced: a. Together with hydroxy- 
crotonic acid, by the action of a boiling slightly alkaline solution of potassium 

cyanide on dichloroglycide, C^H'd-. Claus a. Kolver, who discovered this reaction 
{Ber. V. 358 ; Liehig^s Annalen^ clxx. 131), explain it by supposing that a eyanochloro- 
glycide is first formed and then converted in the slightly alkaline solution, with 
evolution of ammonia, into chlorocrotonic acid : 

C3H4(GN)C1 + 2H20 = RH3 + C^H'^Cl.CO^H. 

This acid then decomposes a further quantity of potassium cyanide, forming hydrogfen 
cyanide, which is added on ; at the same time the second chlorine-atom is replaced by 
cyanogen, and both the cyanogen-groups thus introduced are converted into carboxyl- 
groups, the final product being tricarballylic acid. j8. Together with a bibasic acid, 
by the action of potassium cyanide on ethylic monochlorocrotonate (Claus, Ber. ix. 
223). 7. Ethylic acetosuccinate is converted by the action of sodium into ethylic 
acetotricarballylate, CH®.CO.C(CH2.COOC'^H®)“.COOC-H5, and this compound saponi- 
fied by alcoholic potash or baryta-water yields tricarballylic acid (G. Miehle, Liebig's 
AnnaleJif cxe. 322). 4. Tricarballylic acid appears to be one of the products formed 

by the action of chlorine on gallic acid (Schreder, ibid, clxxvii. 282). 3. Tricarb- 
allylic acid has been found in a precipitate formed during the evaporation of the juice 
of very unripe beet ; the juice of ripe beet does not yield it (v. Lippmann, Ber, xi. 
707). 

TBXCKBOBACBTAB, C'R^JCEO^ = C2HCP(OC=Hf)^ is formed, together with 
mono- and dichloracetal, by the action of chlorine at various temperatures on alcohol 
of 50 to 75 per cent. It is described by Paterno (vi. 4) and by Krey (viii. 1) as crys- 
tallising in colourless needles melting at 72°, and boiling with slight decomposition at 
230° (Paternb), melting at 83°, and beginning to decompose at 190° (Krey). H. 
Byasson, on the other hand {Compt. rend, Ixxxvii. 26), describes it as a mobile liquid 
having a density of 1*288, and boiling at 197°. This product probably contained 
mono- and dichloracetal. 

TBXCKIiOBACBTAMXBB, NH^.G^GPO. This compound, heated with phos- 
phorus pentachloride, yields tetrachlorethylidene-imidochlorophosphenyl, C'-^GPONP, 
which appears to be formed by the following series of reactions : 

(1) . CCP.00.NH2 + PGP - GGP.GGP.NH2 + POGP 

(2) . GGP.GGP.NH2 -i- POGP = GOP.GCP.NH.POCP -h HGl 

(3) . GGP.GCP.NH.POOP = GOP.GGl=N.POCP + HGl 

Tetrachlorethylidene-imidochlorophosplienyl distils at 255°-259°, and solidifies at 
70°-80° to a crystalline mass. Its vapours strongly irritate the eyes and mucous 
membranes. It is very unstable, and cannot he kept without change ; its decomposi- 
tion yields, amongst other products, trichloracetonitril (Wailach, Ber, viii. 299). 

TBXCKX.OBACETAIO'XX.XDE, or TBZCHXiOBOPHBBnTXiACBT - 
AMZBBy C®H^GP.NH.C“H^O, is formed, together with dichloracetanilide, by passing 
dry chlorine into a solution of 1 pt. acetanilide in 4 pts. acetic acid of 90 per cent, 
till the weight of the liquid is increased to the amount of POS per cent. It crystal- 
lises in needles melting at 204°, dissolves sparingly in ether, carbon sulphide, and 
ligroin, more readily in alcohol and acetic acid (Beilstein a. Kurbatow, Ber. viii. 1655), 
The metameric compound, JPhenyl-trichlor acetamide, G^HMSfH.G^CPO, which Tommasi 
a. Meldola obtained by pouring aniline into trichloracetyl chloride, crystallises in 
rhomboxdal plates, melts at 94°, and is extremely soluble in ether and in carbon 
sulphide (p. 6). 

TBXCHX.OBACBTXC ACXX>, GGP.COOH. See Acetic Acid (p. 19). Betas- 
skm trichloracetate, heated with bromine in closed vessels at 110°“120° is converted 
into potassium bromide, carbon dioxide, and bromotrichioromethane, GCl^Br. Ghlorine 
acts much less strongly, and only on addition of iodine, producing in the first instance 
hexchlorethane, G“OP (van’t Hoff, Ber. x. 678). 

Ethylic, Trichlor acetate \s decomposed by potassiiun cyanide in alcoholic solution, 
yielding, if water is present, potassium chloride, carbon dioxide, ammonia, and acetic 
acid j and, if water is absent, carbon dioxide and chloroform (Claus, Liebig's Annalen^ 
cxci. 58). A triehlorinated acetic ether, probably CH^COO.CHOl.CHOl-, is Termed by 
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the aetioE of chlorine at 120° in presence of iodine on ethylidene acetochloridoj 
CH’.CH<QQa 2,50 (Kessel, Ber. x. 1994). 

Trichloracetic Anhydride, (0‘“GP0)"0, is fornaed by the action of trichloracetyl 
chloride on trichloracetic acid (Anschiitz, Ber. x. 325) ; also by heating tncldoracetic 
acid for two days with excess of phosphorus trichloride. It is a colourless liquid, which 
has a faint odour, boils at 222°--224:°, rapidly absorbs moisture from the air, and is 
thereby decomposed (Buckney a. Thomsen, Ber. x. 698). 

TZbZCBXiORACETOSarx:, Cd^CO.CH^. This compound is obtained by direct 
chlorination of acetone (p. 26), and, together with other products, by the action of 
chlorine on the sodium salt of citraconic acid (p. 314). 

TRZCKZiORACETOlffXC ACXB, ^^j^g^COH.OOOH, formed by the action 

of strong hydrochloric acid at the heat of the water-bath on trichloracatone-cyan- 
hydrin (p. 26), is a syrupy liquid which is easily decomposed by alkalis, and does not 
form definite salts (C. Bischoff, Ber. viii. 1329). 

TBXCHIiOBACETOia'XTBXXii GCP.CN (p. 33). is decomposed by boiling with 
milk of lime and more completely by potash, yielding carbon dioxide and chloroform 
(Beckurts a. Otto, Ber. ix. 1591). 

TBXCHIiOBACETOPHBJarOJIE-ORTHO-CARBOXTriiXC ACXD, 

C0C01®.C®H^G00H, is formed by the action of chlorine on phthalylacetic acid sus- 
pended in glacial acetic acid (p. 1621). 

TBXCHXiOBACETTXi BBOMXBE, CCP.CO.Br (b. p. 143°). See Acetyl 
Beomtde (p. 21). 

TBXCHXiOBACETYZi CABBAMXDE, KH2.C0.NH.C-C1'*0, is formed by 
heating trichloracetyl chloride with urea (Tommasi a. Meldola, p. 392), also by heat- 
ing the trichloracetate of urea with phosphorus pentachloride (Clermont, Compt. rend. 
Ixxviii. 848). A.ccording to Tommasi a. Meldola, it crystallises from alcohol in 
needles melting at 150° ; according to Clermont in micaceous laminse, subliming for 
the most part without decomposition, insoluble in cold, and only slightly soluble in 
hot water. 

TBXCHXiOBACETTE CHZiORXBE, OCP.CO.Cl, originally obtained by the 
action of trichloride or pentachloride of phosphorus on trichloracetic acid, or of the 
pentachloride on acetyl chloride (vi. 22; vii.- 19), is also formed by the action of 
chlorine in sunshine on paradichloraldehyde dissolved in carbon tetrachloride (viii. 
54); and, according to Friederici {Ber. xi. 1970), by passing dry hydrogen chloride 
over a heated mixture of trichloracetic acid and phosphorus pentoxide. It boils at 
118°. By the action of phosyhine (PH®) it is converted into trichloracetylphos- 
phide, C^OPO.PH- (Steiner, Ber. viii. 1178). With trichloracetic acid, it forms the 
anhydride, 0®OPO.O.O®OPO (Anschiitz, Ber. x. 1881). 

TRXCHXiOBAXi KYBBOCITABriBE, (Cech, Ber. ix. 1020). 

This compound, called by Cech trichloral cyanide, is formed on mixing a satxxrated 
solution of chloral hydrate with a very small quantity of a concentrated solution of 
potassium cyanide. Crystalline spangles then separate after some time, and on subse- 
quently adding an excess of water, a bulky white precipitate is formed, consisting of 
microscopic needles, and containing the elements of 3 mol. chloral and 1 mol. hydro- 
gen cyanide, SC^HCPO + HCN = C^H‘‘CPNO®. This compound is insoluble in water 
(though extremely hygroscopic), but dissolves in alcohol and benzene, very easily in 
ether, and crystallises from the last two solvents in white prisms melting at 123° ; 
from the alcoholic solution it separates in nodules. When heated a few degrees above 
its melting point, it partly sublimes undecomposed, and when subjected to dry distil- 
lation, it yields a sublimate of chloralide, leaving an abundant carbonaceous 
residue. It is not acted upon by dilute acids in the cold, hnt when boiled therewith 
it yields chloral. Heated with soda-lime it gives oif ammonia, together with 
vapours having the odour of ‘propane-ethyl.’ Heated with and potassium 

cyanide, it gives off hydrogen cyanide, and yields chloral-monoanilide, 
GCP(NH.C«H5)CHO. 

TRXCHXiOEAXiOZM') C’®H’®G1®0^, is formed, together with products containing 
larger and smaller proportions of chlorine, by the action of chlorine on barbaloin 
(E, Schmidt, Arch. Bharm. [3], viii. 496). 

TBXCHXiOB AN CrEXi ACTZC ACXB« See Teichloeovaleeolactic AcH), 
under BtfrYEic Ohloeal (p. 444). 
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TnXC^lMOnA.NXJ.XN^S, See pp. 196 and 1549. 

TRICK3Ci03iiiaM'THRACEWB, C^^H'CP. When chlorine is passed into a 
.solution of anthracene in chloroform till the viscid mass at first formed becomes thin 
and transparent, the chloroform then distilled off, and the residual crystalline mass 
washed with ether and recrystallised from chloroform, dichloranthracene di- 
chloride, C^^H^’CPjCP, is obtained in transparent colourless prisms melting at 
149°-lo0® ; and on heating this compound to 170^^, trichlorantfaracene is obtained, 
together with a small quantity of dichloranthracene. The same decomposition takes 
place gradually when the dichloride is kept in.. closed vessels. The trichloranthracene 
thus produced crystallises from alcohol in long yellow needles melting at 162®-163°, 
and yielding an alcoholic solution which exhibits a blue fluorescence ; it is but slowly 
attacked by nitric acid. It is perhaps identical with that which Grraebe a. Lieber- 
mann obtained (vii. 90) by the action of phosphorus pentachloride on anthraquinone 
(F. Schwarzer, Ber, x, 376). 

TRICHXiORAIKrTHHAQUZErosrE, C^^H^CPO®, is formed by heating anthra- 
quinone with antimony pentachloride in a sealed tube at 180°, and purified by boiling 
the crude product with hydrochloric acid and crystallising the residue from a mixture 
of alcohol and benzene. It forms yellow needles, which sublime with decomposition, 
melt between 284° and 290°, and dissolve in glacial acetic acid, chloroform, and 
toluene, sparingly also in benzene (Diehl, Ber. xi. 179). 

TRlCKXiORETKYEIBEN-XC ETHERS. See Chloralide (p. 445). 

TRICHXtORHVBRZET, C^H^CP. See Trichloeopropanes. 

TRZCKI.ORKYBRORirFVZ.MZPZ.ATZK'tnVC, Pt‘*Oi-N2H;2^CP(OH). See 
pLATIKtTM-COMPOUNDS (p. 1651). 

TRZCKEOROBEHZEH'ES, C^H^GP. See Benzene-derivatives (p. 173). 

TRXCKXiOROBXXiIRTTBlxr, 0®H®CPNO- (Thudichum). See Bile-pigments 
(p. 325). 

TRICHXiOROBUTirXiXBEZrXMIBE, O'H^CPNH, is formed by heating 
acetyl-butyl-chloral hydrocyanide, C'‘H®CP(OC“H3 0)017, for an hour with excess of 
dry ammonium acetate, and separates gradually on addition of water. It dissolves 
readily in alcohol, ether, hot benzene, and hot water, less readily in glacial acetic 
acid, melts at 164°-165°, and decomposes at 192°, also on exposure to sunshine 
(Pinner a. Klein, Ber. xi. 1488). 

TRXCKXiOROCHRirSEHE, C^^H^CP. See Chrysene (p. 464). 

TRZCHX.OROX.ACTXC ACXB, CCP.CHOH.COOH. The ethylic ether of 
this acid is converted by the action of zinc and hydrochloric acid into ethylic mono- 
chloracrylate, CHClnzCH- -COOC-H® (Pinner, p. 45). According to W. Rud- 
neff, on the other hand (Ber. viii. 434), the chief product of the reduction of ethylic 
triehlorolactate is ethylic dichlorolactate. 

0)1 the Action of Trichlorolactic Acid on Chloralide^ see p. 445. 

TRICRXiOROXiACTXC BROMAXiIBE, CCP.CH<::^(,QQ^0H.CBr3. On 

the crystalline form of this compound, see Wallach (Liehifs Annalm^ cxciii. 1 ; 
Jahresb.f. Chem. 1878, 690). 

TRICRX.OROZHCBTKYIiSTrXiPHOZff'XC CHX.ORXBE, COP.SO^CI, which 
Kolhe obtained by the action of moist chlorine on carbon disulphide (v. 559), is also 
produced by the action of water on the chloride, SO-C1.CHC1.COC1, resulting from the 
action of phosphorus pentachloride on sulphaeetic acid. On treating this chloride 
with water, the greater part dissolves, and trichloromethylsulphonic chloride remains 
as a white substance melting at 137°, and agreeing in other respects with the product 
obtained by Kolbe (R. Siemens, Ber. vi. 659). 

TRXCHXiOROHiiPHTKAXiBTrBS, C^^HsCP. See Naphthalene (p. 1350). 

TRXOHXiOROPKEBroXi, 0®.0H,01.H.01.H.C1. See Phenol (p. 1526). 

TRICKX.OROBTXTROBEN'ZBE’ES, G®H2(N02)0P. The modification 
O^.’NO'-^.Ol.Gl.H.H.Ol is prepared as follows The acetyi-derivative of paradichlor- 
aniline, C^.NH^.Gl.H.H.OLH, yields by nitration two diehloronitracetanilides, of which 
the one least soluble in benzene and melting at 204°'-205° may be transformed into a 
dichloronitraniline, G^.NH^.NO^Ol.H.H.Cl, convertible by G-riess’s reaction into the 
trichloronitrobenzene, C®.Cl.NO%Cl.H.II.CI, which is identical with that above for- 
mulated. This trichloronitrobenzene crystallises from ligroin in colourless needles 
melting at 8S°-89°, and is converted by reduction and replacement of the amido- 
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pby cUorine into consecutive tetracMorobenzene (p. 174:), (Beilstein a. Kurbatow, 
i^s J^Tiaten, cxcii. 228). 

The triehloronitrobenzene, 0®.N'0-.0lH.0l.H.01, obtained from symmetriGal^ tri- 
robenzene, is converted by heating for several days with alcoholic ammonia at 
^ hit^chl^onitro-m-^henylenediamm C^.bTO^.NH^.H.Cl.H.NH^ which when puri- 
by crystallisation from carbon sulphide or li^oi'n, forms red needles melting at 
^- 194 ®, easily soluble in alcohol, less soluble in acetic acid of 50 per cent, or in 
zene, very sparingly soluble in ligroi'n (Beilstein a. Kurbatow). 

*Jiie triehloronitrobenzene melting at 56°, which is formed % nitration of con- 
fMve trichlorobenzene (p. 173), is converted by heating with alcoholic ammonia at 
'into a dinitraniline, which melts at 162°-163°, and may be converted by nitrous 
erinto ortho-dichloronitrobenzene (p. 187), (Beilstein a. Kurbatow). 

,g|'XtXCH 3 QOROPKEZa‘OMJL]DZC ACXB. The substance so named by Carius 
^'^17), obtained by the action of chlorous acid on benzene, and supposed to have the 
apositionlO®H^CPO®, has been shown by Eirafit (JBer. x. 797) to be identical with 
a^oroi^uinoL 

^ TRlCKIiORBKaBlflnrir-GtrAN’IBIWl!, CH2(C®H^C1)3K®. See Gttjanidine 

. W). 

;S>il7RZCRBOROPHTKABZC ACZB, C®HOP(OOOH)^ is formed, together with 
b^er compound, probably a quinone, by the action of strong nitric acid on iB-penta- 
jbronaphthalene. It is a yellowish-white mass, converted by heat into an anhydride 
hibh crystallises in long needles melting at 157° (Atterberg a. Widman, Ber. 
1841). 

XRlCKIiOROPROPAirES, C®H®CP. Three of these compounds are known, 
iz. : 

B. p. Sp. gr. 

-Trichloropropane or Trichlorhydrin, CH-Ol.CHCl.CH^Cl . 155° 1'41 at 0° 

-Trichloropropane, CffiCHCLCHCi- 140° 1*402 at 4° 

-Trichloropropane, CHICCP.CH^CI 123° 1*350 at 0° 

/ 

iespecting the first, see i. 894 ; vi. 433 ; vii. 319. According to Belohoubek (Ber, 
X. 924), it is formed, together with the y-modification and other products, by the 
ichton of chlorine on propylene (from allyl iodide, glacial acetic acid, and zinc), and 
nay be separated by fractional distillation. It is decomposed by aluminium iodide, 
z4fh formation of allyl iodide, aluminium chloride, and free iodine (G-ustavson, Ber, 
1%, 1607). 

^TricMoropropane is formed by the action of chlorine on propylene chloride in 
sunshine ; also, together with trichlorhydrin and a trace of a tetrachloride, by heat- 
ing propylene chloride (from allyl iodide) with dry iodine chloride in small portions 
at 160°, and 'may be separated by treating the product with potash-ley and with 
s*dium sulphite, washing it with water, drying over calcium chloride, and fractional 
distillation (Friedel a. Silva, Go7npt. rend. Lsxiv. 805). 

y-TricMoropropanB} or Monochloromethylchloracetol, is formed by the action of 
chlorine in sunshine on methylchloracetol, GH^.CCl-.CH® (vii. 1018), also by treating 
the same compound with iodine chloride. When heated with alcoholic potash at 
100®, it yields, together with products which reduce ammoniacal silver solution, an 
ether which gives a white precipitate with silver solution. When heated with water 
in sealed tubes, it dissolves more readily than trichlorhydrin, leaving a small quantity 
of black liquid. The water contained, not glycerol, but a non-volatile body which 
resinised when the water was evaporated by heat, reduced ammoniacal silver solution, 
and remained as a yellow amorphous mass when its solution was evaporated in a 
vacuum. Its analysis gave numbers leading to the formula CH^.CO.CHO. By oxi- 
dation with nitric acid it yielded a body having an odour like that of pyroracemic 
acid. The black residue above mentioned yielded on fractional distillation two di- 
chloropropylenes boiling at 75° and 94® (Friedel a. Silva, loc. cit) 

. XBXCKX.OB.ORESORCZiarOX., C®HC13(0H)2. See Eesorcinol (p. 1749). 
TXU:CHZ.OROTOXiVBI«rES, C^H®C1». See Tolihenb (p. 1993). 

TBZCHJLOROTOX.trQTrZZflroZ., C^H®CP02 and TRZCHX.OROTOXitrQXrz- 
ETOZZEf C’H®CP02. See Tcuu-quinol and -quinone (p. 2029). 

, TRXCSEOKOVAEEROX.ACTAMZBE, C^H®OF(OH)CONH:2. See Valeric 
Acins. 

' ^TRXCOBEZRE, This polymeride of codeine is formed by heating 

codein^Vith a strong solution of zinc chloride for a short time and at a comparatively 
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loTV temperature ; by longer heating at higher temperatures a mixture of tricodeine 
and tetracodeiue, is obtained (Wright, Chem, JSoo, J, xxvii. 107). See 

further, vii. 373-^75. 

TRXB'Sia-ZTB. On the occurrence of tridymite in volcanic rocks, see H. Mohl 
(Jahrh.f. Min, 1873, 453 ; Jakresb.f. Chem. 1873, 1150) ; in the lava of Santorin, 
Fouqu4 Ixxxii. 1141 ; Jakresb.f. Ohem.lS^S, 12'91). On twin-forma- 

tions of tridymite, O. vom Eath {JPogg* A?i7i, clii. 1 ; Jakresb.f. Chem. 1874, 1242). 

(C2H5)3N— 01 

TRXBTHirXiAMXD AC13TOCKX.ORXBE, O^H^^CDS: 0^ = I 

CmCOOH 

is produced by the action of triethylamine on ethyl monochloracetate, and may be 
separated from triethylamine hydrochloride formed at the same time by boiling with 
baryta-water. It is not decomposed by strong bases, even at a rather high temper- 
ature. When treated with silver oxide it is converted into triethylglycocine 
(Briihl, Ber. vih. 1406). 

TRIRTHYBAiaxurS, On the formation of this base from dichlor- 

ethylamine, and its reactions with ^methylene iodide and ethyl ehloropropionate, see 
Ethtla-Mines (p. 748). By oxidation with permanganate it yields carbonic and acetic 
acids (Wallach a. Olaisen, Ber, viii. 1237). 

TRX£TKiri.AZ017XiriMC XOBXBB, (C2H;^)3N2H2,C2ra (p. 1061). 

TRXETKYXiSZSXfZZSRrx:, See Mbsityleke, Homologues op 

(p. 1285). 

TRXETKVX.BBXrZVX.AlVlMOM'XVM XOBXBE, (C-H:^)3N(C’H^)I. See 
Benzylamines, under Toluenes (Amido-), (p. 2001). 

TRXBTKirz.-BZCARBOPVRROX.AlVXXBx:, formed, together 

with other products, by dry distillation of ethylamine mucate, is insoluble in water 
and melts at 229°-230°. See Pyrroline (p. 1728). 

TRX£THTXi£ldrB-BORXC ETHER, B(OC'-^H^OH)*. See Tbihydroxethyl 
Borate {infra). 

TRXETHVX.EHE-TRXTOX.YX.TRXAlMCXErE, N5(C2H^)3(C«HSCH3)S is 
formed, together with ethylene- ditolyldiamine, by the action of ethylene bromide on 
toluidine at 150°. The two bases may be separated by means of alcohol, in which 
the former is very sparingly, the latter freely soluble. The triethylcne-base crystal- 
lises in very beautiful needles melting at 186° ; its hydrochloride forms needles 
melting at 189°. Etkylene-ditolyldiamine, N2(C^H'‘)(C°H^.CH.®)^H-, is best purified by 
separation from its salts. It forms crystals melting at 97‘5°. Its hydrochloride is 
very soluble in water, and crystallises in long white needles (Gretillat, Monit. seient. 
[3], iii. 383). 

(02H^)®N . CH2 

TRXETHirXi-aXiVCOCXHE, | I , formed by the action of silver 

0— CO 

oxide on triethylamidacetochloride {sug)ra), is a liquid which begins to boil at 210°, 
and is partly resolved by distillation into triethylamine and carbonaceous products 
(Briihl, Ber. viii. 479). 

TRXETHVXi-METHirESTXBXXO-E, Sb(Cm^y{CB}). The hydroxide of this 
radicle (i. 347), which, according to Friedlander, is optically active, has been shown 
by Le Bel (Bull. Soc. Chim. [2], xxvii. 444) not to possess this property when pure. 

TRXETHirX.HAPHTHVX.PBOSPKOHXT7M XOBXBE, P(C‘“H^(C2H:08I, 
formed by the combination of diethylnaphthylphosphine with ethyl iodide, crystallises 
from water in colourless laminae melting at 209°. 

TRXETBirXiPHEErirXiARSOHXUBI XOBXBE, As( 02H:5)»(C«H*)I. See 
Phenyl-arsenic Compounds (p. 1554). 

TRXETKTIiPKElO'irX.PKOSPKOia'Xina XOBXBE, P(C2H®)3(Csii5)I. See 
Phosphines (p. 1580). 

TRXETKYX.PHOSPBXHE OXXBE, P(C2H^)«0. In connection with the 
method of preparing this compound given by Carius and by Grafts a. Silva (vii. 953), 
F. A. Emmerton (Amer. Ghem. 1873, iv. 9) observes that when 1 mol. phosphorus 
triiodide is treated with 3 mol. ethyl iodide, free iodine is given off, and a body is formed 
which, after treatment with solid potash, yields on distillation triethylphosphine oxide. 

TRXETKYXiSEEEXa-OXffXXrM COMPOtTHBS, (C2H^)®SeI, &c. See 

Selenium-cosipounds, Organic (p. 1788). ^ 

Yol. YHI, 6 Q 
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T»2ETKTri.SIlilC01i, (C-H^)3SiOH. See Siltgon-ethyl (p. 1794). 

TMBTHYliStTXiPHIWE-COM:POtrN‘l>S. See Sulphines (p. 18o0). 

TOIETHYliTEliliTOlirM-COWCPOXTOBS. See Tellurium-compounds, 
Organic (p. 1900). 

TKlKYBROXYETHYXi BOBATE, ^(OC^H^OH)^. Tnethylene-monohoric 
Ether , — This compound is formed by treating ethylene alcohol "^ith an excess, first of 
gaseous and then of liquid boron chloride : 

3C=H^(OH)2 + BC13 = 3HC1 + B(0C«H40H)=^. 

The product crystallised from chloroform is a solid yellowish mass consisting of 
microerystaUine laminae, nearly insoluble in ether, melting at about 161-7°» and 
decomposing in moist air (C. Couneler, JBer. xi. 1106). 

TRI-IOBOlVIETHYE-ROSAWIEiarE. See Tbimethyl-rosaniline (p. 2063). 

TBX-XOBOBESOBCXXO'OE, G^H^PO-. See Eesorcinol (p. 1749). 

TRI^XSOBUTYEEH’S, C^22;s4 appears to be contained in the oily condensa- 
tion-products formed in the preparation of trimethylcarbinol by treating isobutylene 
with a mixture of 3 pts. sulphuric acid and 1 pt. water (Goriainpw a. Butlerow, 
Liebig's Annalen, elxix. 146). 

TBIIWCEEIiXTIC ACXB, C®H3(C02H)s [1 : 2 : 4]. See Mellitic Acid (p. 1274). 
This acid is formed, together with isophthalic acid, by oxidising colophony with dilute 
nitric acid. 100 g. pulverised colophony and 2 litres of nitric acid (1 vol. commercial 
acid to 2 vol. water) are introduced into a retort with its beak directed upwards, and 
the liquid is heated to boiling, whereupon the colophony melts, and is quickly 
attacked, with copious evolution of red vapours, and converted into an orange-yellow 
viscid mass. After the boiling has been continued for six or eight hours, fresh resin 
and strong nitric acid ai^e added alternately, till about 1 kg. resin has been introduced, 
the contents of the retort being kept in constant ebullition ; this process takes about 
a fortnight. The resulting wine-yellow liquid, which on addition of water should 
merely show turbidity, and not yield any lumpy precipitate, is then distilled oif till 
the remaining liquid begins to froth ; and this liquid, while still hot, is poured into a 
tenfold volume of cold water, decanted after twenty-four hours from the varnish-like 
resin which separates, and evaporated to a syrupy consistence. The whole then 
solidifies after a while to a thick crystalline pulp, which may be freed from the syrupy 
mother-liquor by means of an aspirator and porous earthenware plates, and afterwards 
boiled with water. The extract on cooling deposits isophthalic acid in slender needles, 
and on further concentration, first a little more of the same acid and then trim elli tic 
acid, which may be puidfied by solution in alcohol and crystallisation from water. 

TrimelUtic acid thus obtained (about 30 g. from 500 g. colophony) melts at 218°; 
its anhydride, obtained by heating it to fusion, melts at 157°. When evaporated 
down with milk of lime and then heated, it yields benzene. Its air-dried banim salt 
contains (C^H30®)-Ba^ + 4H20 (comp. vi. 813), and gives off 3H‘^0 at 160°. The 
silver salt, C®H^O®Ag^' (dried at 120°), is a white precipitate, not much altered by 
exposure to light, soluble in a large quantity of water. 

The syrupy mother-liquor of the trimellitie acid did not yield any other crystallised 
body, but on further treatment with nitric acid it gave a smaller quantity of a crude 
crystallisation containing a small proportion of trimellitie acid, but consisting mainly 
ofterebicacid(J. Schreder, Liebig's Annalen, clxxii. 93). 

TRXMESXC ACXBy [1 : 3 ; 5]. The symmetrical disposition of 

the carboxyl-groups in this acid is shown by its formation by oxidation of mesitylenic 
acid (vi. 811 ; viii. 1286) ; and as it is also produced from the phenol-tricarboxylic 
acid, C^H2(OH)(C02H)® obtained by heating disodie salicylate in a stream of carbon 
dioxide, by converting this tribasic acid into the chlorinated acid, C®H‘-^Cl(CO“iI)^ and 
reducing the latter with zinc and a dilute acid, it follows that this phenol-tricarboxylic 
acid must have the constitution of hydroxytrimesic acid, [OH : CO^H ; CO^H : CO-H 
= 1:2; 4:6]. (Seep. 1535.) 

Trimesie acid is also formed by oxidation of tri ethylbenzene with chromic acid 
(p. 1285), and in very small quantity by fusion of sulphometabromobenzoic acid 
with sodium formate (p. 295). 

HOp^ O 

TRXBXETAPBOSPKORXC probably = O^hX-XPO.OH (iv, 

639), Several salts of this acid have been prepared and analysed by C. G. Lindbom 
{Ber. viii. 122). The sodium salt was prepared by heating ordinary sodium-ammonium 
phospkate in a platinum dish over a gas-lamp, the heat being gradually raised till the 
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pasty mass became crystalline like sugar, the whole then pulverised and again strongly 
heated, with stirring, but so as carefully to avoid fusion, which would result in the 
formation of the insoluble hexphosphate. In this manner, 95 per cent, of the sodium- 
ammonium phosphate is obtained as sodium trimetaphosphate. The following are 
tlie formulae of the salts examined : 


Na^P^O® + 6aq 
^gspsQs + aq 
KapsQS) 

(NHO'P^O^ 

Double Salts : 

NaBaP^O® + 4aq 
KBaP^O® + aq 
(NH4)BaP30« + aq 
NaSrP^O® + 3aq 


Ba^P^O'® 4 * 6aq 
Mg®P®0^® -f- 13 or 15aq 
Pb^P^Ois + 3aq 
PespcO^s + 12aq 
Mn®P®0^® -i- 12aq 


NaCaP®0® + Saq 
Na^MgP®0^® + Saq 
Na^NiP^O^® 4 - Saq 
Ka^CoP«0*s 4- Saq 


The weaker bases do not appear to form trimetaphosphates of definite composition. 
With mercurous nitrate, a basic salt was obtained having the composition 5Hg20,3P-0'\ 

TltXMETKOXir-TRXHirBROXirBXPBJSXr'Sri^, or TXXMETBlTXiHEX- 
HYBROXYBlPKEWrYX., == Ci2HXOCH«)®(OH)®. This is the brown 

substance which 0. Pischer obtained by the action of sulphuric acid on ccerulignone 
(p. 549). It differs from hydrocoerulignone, C^-H'^(OCE®)‘^(OH)-, by CH*. It yields 
a triacetyl-derivative having the composition C*-H'*(0CH^)(0.C2il®0)® (0. Fischer, 
Ber. viii. 158). 

TRXMETHYXiACETIC ACXB, {CmfG.COm, Pivalie acid. See Pentoic 
Acids (p. 1501). 

TRXMETHYXiACETOiarXTRXB, (CH®)®C.CN. Syn. with Tertiary Butyl 
Cyanide (p. 360). 

TRXMETKYXiAlVIXia'E, (CH®)3N. This base occurs, together with methyl- 
amine, in Mercurialis annua (E. Schmidt, Ber. x. 2226). According to Selmi ( Gazz. 
cUm. ital. 1876, 468), it is obtained in considerable quantity by the distillation of 
putrid brain. (On its industrial preparation from the spent wash of the stills in which 
the molasses of beet-root is distilled for the production of alcohol, and its conversion 
into methyl chloride, see pp. 1305, 1306). 

Beactions, — 1. o:ndid,tion "with, potassium permanganate, trimethylamine yields 

carbonic and oxalic acids (Wallach a. Olaisen, Be-r. viii. 1237). 

2. Trimethylamine heated for twelve hours in a sealed tube on the water-bath 
^vith monoohlorhydfin^ is converted into trimethyl -glyceramine (Hanriot, Comyt, 
rend. Ixxxvi. 1335). 

3. Trimethylamine passed in a stream of hydrogen through a red-hot tube yields 

ammonia, cyanogen, hydrocarbons, hexmethylenamine, N[N(CH‘‘^)2]® (iii. 151 ; 
vi. 829), which separates from the distillate in crystalline form, and methylene- 
methyiamine, C2H^N = CIP.Ni=:CH^ This last compound is resolved by heating 
with dilute hydrochloric acid into methyl aldehyde and methylamine, GH®.Nz=:CH-4- 
H“0 - CH^O 4* It appears, however, from its vapour-density to have the 

molecular formula (C^H^N)- (J. Eomeny, Ber, xi. 835). 

4. When trimethylamine is added to a solution of aldehyde in anhydrous ether, 
water is separated, and condensation-products of aldehyde are formed (N. Luba’win, 
Ber. viii. 1684). 

5. With ethylic a-chlorop'opionate^ trimethylamine forms a-propio-betaine, 

/(CH®)®N 

OH®— CH<; I (see Betaines, p. 324). 

\CO — 0 

A compound of trimethylamine with carbon dmdj^hide^ (CH®)®N,CS-, is formed by 
passing trimethylamine-vapour through a mixture of equal parts of carbon disulphide 
and alcohol. It crystallises in white* needles melting at 125®, moderately soluble in 
chloroform and dilute alcohol, nearly insoluble in absolute alcohol, carbon sulphide, 
ether, and benzene, and producing a milky turbidity with water. It splits up into its 
components even at ordinary temperatures, but ne /ertheless unites with acids (em- 
ployed in the dilute state) and with salts. With hydrochloric acid it forms the 
compounds (CH^j^NCS^HCl and 2(CH®)®N0S",3HC1, and analogous compounds with 
nitric acid and with sulphuric acid. With phosphoric acid it forms the compound 
2(OH®)®NCS^,H®PO'‘ (A. Bleunard, Comft. rend, Ixxxvii. 1040), 

6 Q 2 
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TRXMSTKVXk&IfZSBlSTAZSrB, G8H«N(CH®)**Os, and TRZAZETRirXi. 
BSKrZSETAZXrS, C^H<N(GH:3)»0- ; better called Anisbeiaine and Benzhetaine, 
See Betaines (vii. 187). 

TRZMETHirXiBZndrZEliirE, 0*^113(03:^)®. See Mesitylene and Pseudocttmene 
(pp. 1282-1285). ’ 


TRIMETHTrii-BBTYliBCTIC (AM1BO-), or AMXBOTRZ3MCETHYX.- 
H’STBROETBtJTirRXC ACXB, C^H‘®NO®==CmC(OH)(COOH).Om9(GH®)2.NH2 
(W. Heintz, Liebigs Annalm, cxcii 329). This acid is formed by boiling amido- 
trimethyl-bntylactide, {infra) with baryta-water, a considerable quantity of 

the lactide, how^erer, remaining unaltered. On mixing the resulting solution with 
cupric sulphate, the copper salt of amidotrimethylbutylactic acid is obtained, and this 
salt decomposed by hydrogen sulphate yields the acid, which is moderately soluble in 
water, nearly insoluble in alcohol and ether, and when slowly separated from the 
aqueous solution, crystallises in monoclinic prisms. When heated, it is resolved into 
water and the lactide. Its silver salt is a stiff gummy mass, the aqueous solution of 
which is not precipitated by alcohol. The normal sulphate of amidotrimethylhutylactiG 
acidf obtained by dissolving 16 pts. of the amido-acid in water containing 10 pts. of 
hydrogen sulphate, forms concentric groups of prismatic crystals. The hydrochloride, 
G^H^®N0®,HC1, obtained by dissolving the amido-acid in hydrochloric -acid, forms 
microscopic needles or square plates. The corresponding nitrate also forms micro- 
scopic crystals which are either flat needles, laminse, or six-sided tablets. 

CH®.G.GH®.0(CH®)2NH® 

Amldotrimetbylbutylactide, G^H’®N0^ - (Heintz, 

Liebig's Annalen, clxxxix. 231 ; cxcii. 339). To prepare this compound, hydrochloride 
of diacetonamine (p. 28) is heated with aqueous hydrocyanic acid at 120° for ten 
hours ; the brown product mixed with fuming hydrochloric acid, which throws down 
sal-ammoniac ; the solution is boiled for six hours in a reflux apparatus and then 
evaporated ; the residue is exhausted with alcohol, the same process being repeated 
several times upon the exti’aet ; and the alcoholic solution is finally deehlorinated 
with silver sulphate, freed from silver and sulphuric acid by baryta-water, and 
evaporated down, Amidotrimethylbutylactide thus obtained forms shining prismatic 
crystals, neutral to litmus, melting above 180®, easily soluble in water and hot 
alcohol, nearly insoluble in ether, and indifferent to cupric hydroxide and platinic 
chloride. When heated with hydrochloric acid, it is decomposed with formation of 
basic products. Nitrous acid converts it into the corresponding alcohol, or trimethyl- 
CH®.C.CH2.C(CH®)®OH 

hydroxybutylacfide, == |\q , which forms large colourless 


crystals easily soluble in water, alcohol, and ether, and undergoes alteration at 100°, 
becoming less soluble, and yielding a solution which deposits only small colourless 
crystalline granules. By boiling with barium hydrate, it is converted into an acid 
which Heintz regards as trimethyldiliydroxybutyrio add. 

The action of hydrocyanic acid on diacetonamine hydrochloride likewise gives rise 
to three other bodies, viz. amidobutyric acid, C‘*H®NO-, amidotrimethylhydroxyhutyro- 
nitril, or nitrilodiacetonamine, G’H^'^N-O, and the isomeric base, amidotrimethyl- 
hydroxygro^ylcarbilamine or carbyldiacetonamine. 


TRZMETKlTXi-CABBZBrOB, (OH®)®C.OH. Tertiary Butyl Alcohol— A qqov^- 
ing to Pawlow {Liebig's A?inalen, clxxxviii. 118), this compound is best prepared by 
the action of 1 mol. acetyl chloride on 1 J mol. zinc-methyl, the yield amounting to 
79*6 per cent, of the calculated quantity. When heated with dehydrated oxalic acid, 
it gives up water and yields butylene (Gahours a. Bemar9ay, Compt. rend. Ixxxvi. 
991). 


TRXMETRirXi-CARBIOTirXi XOBXBE, (GH®)®CI. On the reaction of this 
compound with isobutylene in presence of calcium oxide, see Tributylene (Iso-) 
(p. 2044). 

TRXBXETKirXi^CARBXBrirXiAMXEE, (CH®)®O.NH2 is formed, together with 
isobutylamine, by heating isobutyi iodide with silver cyanate (R. Brauner, Liebig's 
Annalen, cxcii. 65). 


TRXMETHirXiEXirE BROMXBE, CH^Br.CH^.CH^Br. Normal Bropylene 
Bromide. — Julie Lermontoff* prepares this compound hy saturating allyl bromide at 
~I0® to —15° with dry hydrogen bromide, then heating it for twenty-four hours 
to 165°-170°, and repeating the treatment {Ber. ix. 1441). (Oomp. p. 1672). 
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TRXnXETKV^ETBTIi&iaiaOiriVMC CaiiORISE and BVSBOXIBE 

are decomposed by distillation in the manner represented bj the following equations : 

(CH®)3(C2H5)NC1 = (CH^y(Cm^)N + CH^Cl 

(OT)3(C2H«)N(OH) « (CH^yN + + H^O 

(Lossen, Liebig's Annalen, clxxxi. 364). 

TRXI^BTHirXi«CrXiirCZi!RAlM[ZN'E is formed by heating trimethylamine 
with monochlorhydrin on the water-bath for twelve hours. Its ^latinochloride, 
[C^H’^O-(0H®)®NCipPtCP, forms orange-coloured, apparently quadratic tables, which 
give off hydrogen chloride in a vacuum, and are easily soluble in water, but insoluble 
in alcohol (Hanriot, Qom'igt. rend. Ixxxvi. 1335). 

TXUCMBTBirXi-nXEZiAMXBrE, C3B:=»(CH3)N«, is formed on heating methyl- 
cyanamide for a short time in aqueous or alcoholic solution, also when the same 
compound is exposed to the air, especially to moist air. This reaction explains the 
production of trimethyl-melamine by desulphuration of methyl-thiocarbamide, as 
observed by Hoffmann (p. 1271), (E. Baumann, Ber. vi. 1371). 

TBXMBTKirXiXa'APKTKYXiAZMCMOZrXUZVX XOBXBB, CJoHM!7(CHOH. 
See Naphthalenes (Amido-), (p. 1370). The corresponding hydroxide, obtained by 
agitating the aqueous solution of the iodide with moist silver oxide, is deliquescent, 
strongly basic, and forms well-crystallised salts (Landshoff, J. pr. Chem* [2], xvii. 
286). 

TBXIVXBTHYZiPXZBirYXiAlVXlVXOirZtnME XOBZBE, (CH3)s(C®H0NI. This 
compound, exposed to the action of a stream of dry hydrogen chloride, is converted 
into dimethyl aniline and methyl iodide : 

+ HCl - (CH3)2(0«H")N,HC1 + CH«I 
(N. F. Merrill, J. 2^^'- Ohem. [2], xvii. 286). 

TBXMBTHYX.PKOSPHXBrB HYBRXOBXBB, P(CH3p,HI, On the forma- 
tion of this compound from PHH and OS^, see Phosphines (p. 1679). 

TBXMBTKYB-a-PROPXOBBTAXWE, ; better called a-JPwpio- 

betaine (pp. 187, 324). 

TRXXVXBTHYXi-ROSABTXXiXlO'B, G23H25N« = C2«H»»(CH3)3N3 (A. W. Hofmann, 
Ber. vi. 352). The methochloride of this base is obtained by oxidising dimethyl- 
aniline with potassium chlorate and cupric sulphate, or with cupric nitrate and 
common salt, the ingredients being worked up with sand to a homogeneous mass, and 
heated, in the first case, in a water-bath for several days, in the second for forty- 
eight hours at a temperature not exceeding 50®. The free base, the meth-hy dr oxide 
of trimethyl-rosaniline, C-®H^\CH®)^N®,CH^OH, separated from the crude product 
by means of caustic soda-solution, is a blue crystalline precipitate which dries up to a 
red-brown powder, insoluble in water and in ether, but dissolving with fine violet 
colour in alcohol. It is also readily dissolved by dilute acids, forming salts which 
are decomposed by ammonia. The methiodide obtained from the meth-hy droxide by 
solution in alcohol and addition of aqueous hydriodie acid, consists of microscopic 
needles, sparingly soluble in water and in alcohol. The methylpicrate forms fine 
bronze-coloured needles easily soluble in boiling, less easily in cold alcohol. The 
leiico-compoiLiid, analogous to the meth-hydroxide of trimethyl-rosaniline, obtained 
by the action of alcoholic ammonium sulphide on the violet base at 100® under pres- 
sure, forms large flattened needles, which acquire a violet tinge in drying, dissolve 
but sparingly in water, either cold or hot, readily in alcohol and in ether. The results 
of its analysis agree approximately with either of the formulae G“®H*®(CH®)®N®CH®H or 
G-“His(GH3)W,H2. 

To decide the question whether the violet dye obtained as above from dimethyl- 
aniline is identical or isomeric with the methyl- violet prepared on the manufacturing 
scale from rosaniline, an attempt was made to convert the former into the diiodo- 
methylate. If the two bodies are identical, the diiodomethylate thus produced will 
be the well-known iodine-green (vi. 162), and convertible by further introduction of 
methyl iodide into the splendidly crystallised violet tri-iodomethylate. Experiment 
showed that the bodies in question are identical (Hofmann), 

Trimethyl-rosaniline may also be prepared by oxidising a mixture of methyla^iiline 
and dimethylaniline with cupric chloride. Rosaniline and trimethylrosaniline 
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dimethylate act on one another in alcoholic solution at ordinary temperatures, 
according to the following equations : 

Q20H;iajS[3,H2o + C2oH‘»(OH-^)3N^2CH:=^OH = 

+ sh-o 

and 

2(C2‘>H^»N»H‘-0) + O20Hi«(CH3)3N3,2CH3OH 

2C2oh>8(ch8)n» + + 4 H 20 

The colour of the liquid passes from blue through red into violet-red, the last colour 
changing on addition of hydrochloric acid to leaf-brown (Girard a. Willm, Bull. Soc. 
Gto. [2], xxv. 100). 

Triiodomethylrosamline is prepared by heating a mixture of 10 pts. rosaniline- 
base, 12 methyl iodide, and 20 methyl alcohol — all as pure as possible — in an 
enamelled autoclave for three or four hours at a temperature not exceeding 115°. 
The excess of methyl iodide is then distilled off, and the crystals are purified by re- 
crystallisation (Hofmann, loc. cit.) 

TRXM&TKVX.SEXiEiroia'ZirM ZOBXBE, (CH3)3SeI, is formed whendibenzyl- 
diselenide (p. 316) is left for two days in a closed vessel with methyl iodide ; and on 
decanting the aqueous solution of the product from a black residue, evaporating slightly, 
digesting the liquid with silver chloride, and treating the filtrate with platinic chlorides, 
trimethyUelenonmm 'platinockloride, [(CH^)^SeCl]-PtCH, is formed, which crystallises 
from water in dark red octohedrons (0. L. Jackson, Ber. vii. 1277). 

TRX»C£TH;irz.SVIiFHXiar£, (OK^Q. See Stjlphinbs (p. 1849). 

TRXMSTKirXi-TOIiVXiiiMIMIOlffXirM XOBXBE, (OH3)'*(C«H‘‘.OH3)NI. 
See Toluenes, Amido- (p. 2000). 

TRXlO'APHTKAZ.Eia'E-BXAMXlfE, (C‘oH®)=*N', is formed by heating naph- 
thylamine, naphthylamine hydrochloride, and nitronaphthalene, in molecular propor- 
tion, in a sealed tube at 190°-220° for three or four hours. The resulting black mass 
is pulverised, treating with hot water, and then, after addition of potash-ley, with 
superheated steam, and the residual base is dissolved in hot alcohol and precipitated 
by water. It may also be prepared by heating the above mixture in open vessels, the 
reaction beginning, on addition of a trace of ferric chloride, at 150°. Por purification 
it may be dissolved in chloroform and separated therefrom by evaporation. The base 
thus obtained contains 1 mol. water, which it gives off slowly at 120°-125°. It is an 
amorphous blue-black powder, insoluble in water and in ether, dissolving with red 
colour in warm benzene. Heated at 180° in contact with the air, it begins to decom- 
pose. The hydrochloride, prepared by passing hydrogen chloride into the chloroform 
solution, evaporating the chloroform, and washing the residue with hot water, is a 
violet. amorphous powder, dissolving in the same solvents as the base, but more 
readily and with finer colour. Both the salt and the base produce red-violet colours 
in dyeing (Salzmann a. Wichelhaus, Ber. ix. 1107). 

TRZ-a-M'AFKTHOXiF'S’ROZMCSXiBXTEZC ACXB. See Kaphthols (vii. 
840). 

TKXXXTHANXImIN^, C«H-(N02)3NH2 [l : 2 ; 4 : 6, NH- in l]. Bicramide, 
See Benzenes, Nitramido- (p. 198). 

TRXirZTROAZOXYBEZ«rZEKE, C*“H^(N02)3N-0. See Azoxybenzenb 
(p. 215). 

TRZNXXROBBErZAIOrXXiXBE, C‘^H8N‘‘0’' == C«H3(NO‘'^)“NH.CO.C‘'H^(NO'-), 
formed by nitration of paranitrobenzanilide, melts at 165°, and is resolvable into 
metanitrobenzoic acid and [1 : 2 : 4] dinitraniline (p. 198) : hence its constitution 
may be represented by the formula : 

NO® 

NO=<(^ ^NH— CO 

NO® 

The same trinitrobenzanilide is formed from orthonitrobenzanilide (m. p. 94°). 
Metanitrobenzanilide (m. p. 154°) gives three trinitrobenzanilides melting respectively 
at 178^, 202°, and 212°. The first of these is resolvable into [1:2: 4] dinitraniline 
and probably orthonitrobenzoic acid (H. Hubiier, Ber. x. 1708). 
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TKZl^ITROBBIO’ZSia'B, 0«H3(N02)3, is obtained by enclosing metadinitro- 
benzene (p. 175) in proportions of 2 grams each with 20 g. of a mixture of 2 voL 
fuming sulphuric acid and 1 vol. highly concentrated nitric acid in strong tubes, and 
heating the tubes first for a day at 80°, afterwards for two or three days at 130°-140°. 
On pouring the contents into water, a precipitate is formed, consisting of trinitro- 
benzene, which may be purified by crystallisation from alcohol or acetic acid, and then 
forms white laminae or needles melting at 121°-122°, slightly soluble in water, more 
soluble in ether and in hot alcohol (P. Hepp, Ber, ix. 402). 

. Trinitrobenzene forms crystallised compounds with benzene, naphthalene, aniline, 
and dimethylaniline. By crystallising it from h&nzene^ large prismatic crystals are 
obtained having the composition With naphthalene in alcoholic 

solution it yields the compoimd G®H’*(NO“)®,C^"II«, which melts at 152°-163°, and is 
somewhat unstable, being partly decomposed by recrystallisation from alcohol. The 
aniline-coonpound, C®H3(NO-)3,C®H®NH2 prepared like the last, forms red needles 
melting at 123°”124°, nearly insoluble in cold alcohol, and likewise unstable. The 
homologous dimethylaniline-compound forms long dark violet needles melting at 106°- 
108°. By nitrating pamdinitrohenzene (m. p. 171°) and treating the product (? an 
isomeric trinitrobenzene) with aniline and alcohol, a body is obtained melting at 153°, 
and probably having the composition C®H»(NO-)2NHC®H^, together with diazoamido- 
benzene (Hepp, BnU, Boo, Chim. [2], xxx. 4). 

TRIirXTBOBBTa'ZOZC iLCZB, CsH2(N02)8.COOH, obtained by prolonged 
digestion of trinitrotoluene wdth fuming nitric acid at 100°, forms large prismatic 
crystals melting at 100°, and subliming without decomposition. Its dlmr scdt is 
sparingly soluble in water (Tiemann a. Judson, Ber. iii. 223). According to Fried- 
lander {ZeitsGhr.f, Kryst. i. 623), the crystals of trinitrobenzoic acid are orthorhombic, 
rt : h : c=0’8870 : l : 0'5715. Combination ooP . cof co (predominant) . f*co. Angle 
Poo : Poo = 59° 30'. No distinct cleavage. The plane of the optic axes coincides 
with OP. The axis h is the first median line. Double refraction positive. Apparent 
angle of axes in air for Li-red 90° 25', for Na-yellow 84° 36', for Tl-green 78° 5'. 

TRZnrXTROBBR'ZirXiirAPKTKiLZiZSZrB. See Naphthalene (p. 1346). 

TRmXTROCRBSOZi, C®H(N02)^OH.CH=*. See Ceesols (p. 583). 

TRmiTRO-a-l»XCHXiOROX«ril.PBTHAZ.BZarB, C^^R^Cr-(^0-y, obtained by 
the action of a mixture of strong sulphuric acid and nitric acid (sp. gr. 1*48) on 
a-dichloronaphthalone, crystallises from glacial acetic acid in bidttle yellow prisms, 
freely soluble in chloroform, sparingly in alcohol, and melting at 178° (0. Widman, 
Bull. 8oc. Chim, [2], xxviii. 505). 

TRXXrXTROBXBTHYXiQtrXZO'OXi, G«H(N02)3(OC2H5)2. See Quinol (p. 1739). 

TRXXrXTROBXMBTKirXiCATBCKOB, C®H(N02)S(0H)2. See Niteo- 

vERATROLs Under Veratrol. 

TRXISrXTROBXIVKBTKVX.BTKVXiBBXa'ZBia'B, C®(NO‘0^(OH»)2(C‘H^). See 
Mesitylene, Homologxjes of (p. 1285). 

TRI3SrXTROBXM£TH‘SrXii2;t7X3»'OXi, 0«H(NO“)3(OCH0“. See Quinol 

(p.1738). 

TRXZrXTROBXMBTHirXiRESORCXN'OXi. See Eesorcinol (p. 1751). 

TRIR'XTROBXPHBXnrZi, This appears to be the composition 

of a compound formed on dissolving dinitrodiphenyl (p. 661) in a mixture of sulphuric 
and fuming nitric acids. It separates from solution in benzene in yellowish crystals 
(Buchner, Ber. viii. 22). 

TRXXrXTROG-IiirCBRirB is the name given (not very appropriately) by 
Brackebusch to trinitrin or trinitropropane, C^H®(NO-)®. See Glycerol (p. 876). 

TRXIO'XTROZM'OSZTB, C®H*’(N02)30®. See Inosite (p. 1091). 

TRXlVITROXSOXYXiBia'B, C«H’’(N02)3. See Xylenes. 

TRXlS'XTROlMIBSXTirXiBXrB, C®II»(N02)3. According to Ladenburg {Liebig's 
Aimalcn, clxxix. 176), this compound, when reduced with tin and hydrochloric acid, 
yields, not triamidomesitylene, but diamidomesitylene, with separation of ammonia. 

TRXKTXTROXSrAPKTKAI.BM'ES, G^«H*(N02)3. See Naphthalene (p. 352). 

TRXJffXTROPARABXPHBMTYXiBBM'ZBK'E, C*®H”(N02)3, obtained by the 
action of fuming nitric acid on paradiphenylbenzene (p. 665), crystallises from glacial 
acetic acid in long white needles melting at 190°. If the nitrationbe performed in^laeial 
acetic acid, the chief product is dinitrodiphenylbenzene, which melt'- at 2G4°, and is 
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but sparingly soluble in the ordinary solvents and in glacial acetic acid, even when 
hot (H. Schmidt a. G. Schultz, Ber. si. 1755). 

TRXZfrXTROPBBirETOZl*, C®H2(N02)3.0C-H;®. See Phenol-ethers (p. 1522). 

TRZirXTBOPHBirOB, G®H2(N02)s0H. See Phenol (p. 1528). 

TOXBriTBOPKEWOIiSiriiPHOWlC ACXS, C®H(N02)3(0H)(S0=^H). The 
niother-li<iuor of barium metabromobenzenesulphonate (p. 236) contains an uncrystal- 
lisable barium phenolsulphonate, the acid of which is converted by strong nitric 
acid into a trinitrophenolsulphonic acid which remains on evaporation as a 
crystalline mass. Its* salts explode violently when heated. The potassium salt, 
C‘‘H(NO-)^(OH)SO''Z-i-H20, forms small orange-red rhombic prisms, moderately 
soluble in water. The barium salt, [C'’H(NO')®(OH)SO®]-Ba-f 3H“0, forms small 
yellow to reddish-yellow crystals, often grouped in nodules, and moderately soluble 
in water (Berndsen, Liebig's Anualen, clxxvii. 92). 

a-TRZBZTBOPHBXirxrZ.MBTABZTHAM'XXiZIf E, NH 1 Syn. 

with Parapiceylmetanitraniline. See Benzenes (Nitramido-) (p. 199). 

TRZErXTBOPKElirYXiMETKil.3NrS, CH(C«H-‘.N02)=*. Triphentlmethane 
(p. 2058). 

TBXXrXTEORESOECXXTOE, C'*H2(NO“)3(OH). See Ebsorcinol (p. 1751). 

TBXBXTEOSOPBEOEOGXiXrCOE, C«(NO)®(OH)^ See Phloroglucol 
(p. 1571) 

TBZBXTBOTOETrEBE, C®H‘'*(N02)^.CH^ See Toluene (p. 1994). 

TBIBXTROTOEYPBEXrYE KETOBTE, C**H«(NO-)®0. See Toltl Ketones 
(p. 2038). 

TBIBXTBOTBXSROl^OBEN'ZElffE (symmetric), Ce.NO^Br.NO-.Br.NO-.Br, 
is formed by the action of a mixture of fuming nitric and sulphuric acids on dinitro- 
m-bromobenzene (p. 181). 

TBZPBABE. Pisani {Com^pt, rend, Ixxxiv. 1509) has examined a triphane 
from Brazil, consisting of imperfect crystals which cleave parallel to a prism of 
86° 45', but do not exhibit the cleavage parallel to co P co, which is so distinct in 
other triphanes. Hardness » 1; sp.gr. = 3*16. Analysis gave : 

SiO“ A1“0* FeO MnO OaO LFO Na=’0 

63*80 27*93 1*05 0*12 0-46 6*75 0*89 = 101*00. 

TRXPBENYBiLCETXC ACXE, (C®H®)*O.COOH, is formed, together with sal- 
ammoniac, by the action of fuming hydrochloric and glacial acetic acid on triphenyl- 
acetonitril {infra). It is moderately soluble in alcohol and ligroin, less soluble in 
glacial acetic acid, and separates from the latter in compact colourless crystals or in 
thin six-sided laminae or prisms. It softens at 230°, hut does not fuse till heated to 
260°. It yields a nitro-derimtive which dissolves with brown colour in alkalis 
(E. and 0. Pischer, Liebig's Amnalen, cxciv. 242). 

TBXPBEB YXiiiCETOZarXTRXI., TBXPBEB'YZ.CAXtBXia-YE CYBZdTXBE, 
or TRIPBEWYliCYAWOIttETBAWE, (C“H5)30.CN, is formed by the action of 
dry mercuric cyanide at 150°-170° on triphenylchloromethane (p. 2057). It crystal- 
lises fi’om ligroin or glacial acetic acid in well-defined colourless triangular prisms, 
which melt at 127*5°, and dissolve readily in hot benzene and glacial acetic acid, less 
easily in ligroin. Alcoholic potash converts it into a colourless indifferent body, 
probably a polymeric nitril, which crystallises in colourless needles melting at 210° 
(E. and 0. Pischer). 

TRZPBEBYXiAMXirs, N(CW)3. See pp. 209, 1552. 

TRIPBEBYXiARSXIO'E, As(0®H5)2. See Phenylarsenic Compounds (p. 1553). 

TRXPKEBTYXi-BEZarZEia'E, This hydrocarbon is formed 

by heating methylphenyl ketone with alcoholic ammonia, and remains undissolved on 
treating the product with hydrochloric acid. Its formation is a simple process of 
dehydration, and is analogous to that of mesitylene (trimethylbenzene) from acetone : 
3(C®H®.CO.OH®) = SH^O -i- C®H^(0*H*)®. It is also produced by the action of phos- 
phoric anhydride on phenylmethyl ketone (Engler a. Heiner, Ber. vi. 638), and by 
distilling phenyltribenzoic acid over red-hot potassium hydroxide : C®H\C®H‘‘CO®H)'^ 
==300®+ C«H8(C«H^)® (Gabriel a. Michael, Ber. xi. 1007). Engler a. Berthold {Ber. 
vii. 112^) prepare it by saturating phenylmethyl ketone with dry hydrogen chloride 
and leaving the liquid at rest for several days at a lukewarm temperature, whereupon 
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triphenylbenzene separates in considerable quantity. A furtlier quantity may be 
obtained by treating the decanted liquid with hydrogen chloride, and by repeating the 
operation, a solid product may be obtained amounting in all to about 60 per cent, of 
the phenylmethyl ketone employed. From the last mother-liquors a further quantity 
may be precipitated by dilute alkalis. 

Triphenylbenzene forms orthorhombic crystals having the axial ratiojJ!- : h :c= 
0‘56616 : 1 : 0*7663, exhibiting the combination oofco.ooI^co.ooP. coP3 .ooPoo, 
also (in crystals from another source), ^P and -^P. Fundamental and normal angles, 

CO P : CO P CO = 60° 29' ; P 00 : oo P = 72° 33' 30". Fracture flat concho’idal, approximat- 
ing to a cleavage parallel to OP. Plane of optic axes oo f oo. A plate cut parallel to 
OP showed in air: 2E for Li-light =17° 48'; forNa-light =18° 2o'; for Tl-light 
= 19° 27'. The double refraction of triphenylbenzene is stronger than that of £my 
other substance yet examined (Arzruni, Zeitsckr, Kryst. i. 445). On the crystalline 
form of triphenylbenzene, see also Engier a. Berthold {loc, cit.) 

Triphenylbenzene melts at 169°-170°, and boils at a temperature above the boiling 
point of sulphur. It dissolves sparingly in aqueous alcohol, more readily in absolute 
alcohol, ether, and carbon sulphide, most readily in benzene (Engier a. Berthold). 

MonohromotTvphmylhmzem^ C'^^H^’Br, is formed on leaving a solution of triphenyl- 
benzene and bromine in carbon sulphide at rest for several days, and remains on . 
evaporating the solvent, as a resin which, by crystallisation from alcohol, may be 
obtained in colourless needles melting at 104° (Engier a. Berthold). 

An isomeride of the triphenylbenzene just described is formed, together with 
resinous products, by the action of strong nitric acid on benzerythrene (vi. 304). 
Chrysene (vi. 459 ; vii. 338 ; riii. 463) has also the same percentage composition 
(Gr. Schulz, Ber. xi. 95). 

TRXPKx:«rirZiCARBiilvxxx>E, NH(G«H5).C0.N(C®H:5)2 (see Caebamidbs, 
p. 391). It is resolved by heat into phenyl isocyanate and diphenylamine (Mjchler, 
Ber, ix. 715). 

TBXPHEirirXi-CABBXlflroXi, C^WfiO«(C®H:®)3COH (Hemilian, vii. 1203). 
This tertiary alcohol is formed : 1. By boiling trimethylme thane with chromic acid 
mixture till the oily layer which floats on the surface solidifies to a crystalline crust ; 
it may he purified by washing with boiling water and recryatallisation from benzene. 
2.. By adding 1 mol. bromine to a solution of 1 mol. triphenylmethane in carbon 
sulphide. On evaporating the solvent, there remains a brown oil, solidifying when 
treated with water to a brown mass of the carbinol, which may be freed from brown 
greasy bodies, and obtained colourless by solution in light petroleum and evaporation 
of the solvent. 

Triphenyl-carbinol melts at 157°, boils at a temperature above 360°, dissolves 
readily in alcohol, ether, and benzene, and crystallises from these solvents by slow 
evaporation in shining hard six-sided plates. These crystals, according to measure- 
ments by Hintze, belong to the monoclinic system, a : h I <? = 0’75188 : 1 : 0*62971. 
Angle a : c= 119° 41' 50". Combination ooP . P . OP . — 3P c» . ~2P oo. 

Triphenyl-carbinol is not altered by distillation with soda-lime, or by treatment 
with alkalis, dilute mineral acids, or sodium-amalgam. It dissolves readily in strong 
mlylmrio acid^ even at ordinary temperatures, forming a yellow solution from which 
it is precipitated by water in its original state. With bromine and nitrio acid it forms 
substitution-products difficult to purify. With acetyl chloride or acetic anhydride^ 
and with benzoyl chloride, it yields ethers which are immediately decomposed by 
water or by alcohol. The acetic ether when distilled is partially carbonised and 
yields acetic acid and triphenylmethane. When a solution of the carbinol in anhydrous 
toluene is boiled with sodmm, hydrogen is evolved, and an insoluble, pulverulent, very 
hygroscopic sodium-derivative is formed, which is immediately resolved by water into 
sodium hydroxide and triphenyl-carbinol. Triphenyl-carbinol, heated with benzene 
and phosphoric anhydride, yields triphenylmethane and diphenyl, according to 
the equation : 

(C«H0='.CHO + 2(GeH^.H) = -i- {Cm^yCE -h C^EKO'^EK 

Trinitrotriiyhenyl- carbinol, C^®iI*2^NO''^)®.OII, is formed by oxidising trinitrotri- 
phenylmethane with chromic acid and glacial acetic acid, and separates from hot 
benzene in nearly colourless crystals melting at^l71°-172°, sparingly soluble in 
alcohol, ether, and carbon sulphide, more freely in benzene and glacial acetic acid 
(E. and 0. Fischer, loc. cit^ 

TRXPBBlO’irX.CARBXXfirirXi CHZ.ORXX>X:, or TRXPHX:3NnriiCHX.OBO- 
METBASTB, (C'*H®)®CC1, is formed on mixing triphenyl-carbinol with phcl^phorus 
pentachloride, the mixture becoming warm and liquefying, giving off hydrogen chloride 
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Mnd a distillate of POCP, and leaving a residue of triphenylearbinyl chloride, which 
solidifies on cooling to a radio-crystalline mass. At 150^ this chloride begins to 
decompose and give off hydrogen chloride. It is slowly decomposed by cold water, 
instantly by boiling water, yielding hydrochloric acid and triphenyl-carbinol. When 
heated above 200°, it is resolved into hydrogen chloride and diphenylenephenyl- 
CSH\ 

methane, | By zinc-ethyl^ dissolved in benzene, the chloride is con- 

verted into triphenylmethane (E. and 0. Eischer). Heated to 150°-1 70° with 
&SJ TnercuTiG cyanide^ it yields triphenylacetonitril, (C®H^)®0.CJSr (p. 2056). 

Ethylic Trifphenylcarbinylate, or THphenyl-ethoxylmethane, (C®H®)^C(OC“H®), is 
formed by boiling trimethylcarbinyl chloride with absolute alcohol, and separates, on 
mixing the cooled product with water, as a colourless oil which solidifies after long 
standing. It is easily soluble in ether, benzene, and hot alcohol, and separates from 
the latter in. small indistinct crystals which distil without decomposition in a current 
of air (Hemilian). 

TRXPHBXmxszffE, See Cheysbne (p. 463). 

TRZPKSN'VX.EErE-BXil.MIN'E, (C^HO^Ns. This compound is formed, to- 
gether with sal-ammoniac, by heating 2 mol. aniline with 1 mol. nitrobenzene and dry 
hydrochloric acid in exhausted tubes for six hours at 230° ; also by heating diphenyl- 
amine with nitrobenzene and dry hydrochloric acid at the same temperature for an 
hour; and by the action of dry hydrochloric acid at 215° on azodiphenyl-blue ; it 
appears to be identical with the colouring matter known as Staedeler s blue (<7. pr. 
Ckem. xcvi. 63 ; Jahresh. /. Che7n. 1865, 410). At the same time an intermediate 
product, is formed, which may also be produced by heating aniline h;ydro- 

chloride with nitrobenzene at 210° (v. Dechen a. Wichelhaus, Bcr. viii. 1609). 

TRZPKEN'VXiETKVXiCAltBAnKIBE, N(C«H®)‘^.OO.N(C“H5)(C«H^). See 
Carbamides (p. 391). 

TRXPHEXO'TZi-GirATrZBZXffE, = CH2(0®H5)3H^ The two known 

modifications of this compound, a and /3, are described under G-uanidin’B (p. 906). A 
body having the same constitution as a-triphenyl-guanidine, but differing from it in 
physical properties, is described by Sell a. Zierold (Ber. vii. 1228) as produced by the 
action of aniline on isocyanphenyl chloride : 

C«H«.N0012 + 2(0«HM!7H2) = 2HC1 + C°H^NC(NH.C«H^)2. 

The hydrochlaride of this base crystallises from aqueous alcohol in small white 
laminae melting at 207®, whereas the hydrochloride of a-triphenyl-guanidine obtained 
by Weith (p. 907) melts at 24I°-242°. 

TRZPHEZO'YB-nZETKil.R'E, This compound, which Kekule a. 

Franchimont obtained by heating benzylene dichloride with mercury- diphenyl (vii. 
948), is also produced by the following reactions : a. By heating a mixture of benz- 
hydrol, benzene, and phosphoric anhydride at 130°~140° for four hours. To purify 
it, the contents of the tube are washed with water and then distilled, whereupon the 
hydrocarbon passes over at a temperature above 360° as a light yellow oil, solidi- 
fying after a while to a mass of crystals, which may he freed from adhering oil by 
washing with cold, and recrystallisation from boiling alcohol (Hemilian, Ber. vii. 
1203). jS. By heating jS-henzpinacolin with soda-lime at about 300°, benzoic acid 
being formed at the same time (Thorner a.- Zincke, Ber. xi. 65) : 

(C«H®)3C.CO.O«Hs + NaOH ■== (C^myCR -t C^H^CO^Na. 

y. By treating a mixture of benzene and chloroform with aluminium chloride, feme 
chloride, or zinc chloride at ordinary temperature, or with ferrous chloride aided by 
heat (Friedel a. Krafts, J. pr. Chem, [2], xvi. 233). 

E. and 0. Fischer (lAebiy^s Annalen, cxciv. 202) prepare tri phenyl-methane by 
mixing 200 g. chloroform and 700 g. dry benzene with aluminium chloride, whereupon 
a brisk evolution of hydrogen chloride takes place, and afterwards heating the mixture, 
the reaction being then completed in about thirty hours. On pouring the two result- 
ing layers of liquid into water and applying heat, diphenyl-methane passes over 
between 200° and 300°, and afterwards triphenyl-methane, which may be purified by 
crystallisation from alcohol ; the piire product amounts to 200 grams. 

Triphenyl-methane separates from alcoholic solution in brilliant well-defined 
crystals, melts at 92'5°, and boils at about 355°. 

THmirotriphcnyl-inetkme, (C^H^.HO^)^®. — Tripbenyl-methane dissolves readily 
in fuming nitric acid at ordinary temperatures, and on mixing the solution' with 
water, a thick yeUow oil is precipitated, which, when treated with chloroform, leaves 
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the trinitro-eompound in the form of a light yellow powder. It is very sparingly 
soluble in alcohol and ether, easily in boiling acetone and benzene ; crystallises there- 
from in small yellow scales ; melts at 203°, and decomposes without detonation at a 
higher temperature (Hemilian, Ber. vii. 1203). According to B. and 0. Fischer {he. 
citi) it melts at 206°~207^. 

TBIPKBN-S’I.lVIETHiLM'BTRISiri.PHOlfflC ACZB, CII(CsH4.S03H:)^ 
formed by the action of sulphuric acid on triphenyFmethane, is very soluble in water, 
and yields a very soluble barium salt, which is precipitated by alcohol from its aqueous 
solution, and when air-dried has the composition [CH(C®H*SO^)®]-Ba-!- 3H^O. The 
sulpho-acid, fused with potassium hydroxide, yields a phenolic body easily soluble in 
ether, and crystallising in colourless needles which, when exposed to the air, quickly, 
turn red and partially resinise (Hemilian). 

TBZPKBN'irXi-BOSAXgrxZiXiarB, C“‘^H*®(C^H®)3N3. A body exhibiting the 
behaviour of this compound is formed, together with HBr and NH^Br, on gradually 
adding bromine (6 mol.) to a solution of diphenylamine and toluidine (2 mol. each) in 
glacial acetic acid, then distilling off the acid, heating the product for some hours at 
150°, and afterwards at 180°, till it solidifies and assumes a coppery lustre. The tri- 
phenyl -rosaniline may be extracted from the crude product by aniline ; purified by 
dissolving it in 40 pts. alcohol and 2 pts. soda-ley of 20 per cent., and filtering the 
resulting solution from a brown base formed at the same time ; and separated fcom the 
filtrate by hydrochloric acid. It dissolves in alcohol with blue colour, and dyes silk 
like the commercial product SB. By successive treatment with strong sulphuric acid 
and caustic soda, it is converted into the form which is soluble in water (A. Weber, 
Ber. X. 760). 

On Trij^henylrosaniline-s^d^lionio acids, see vii. 77. 

TRlPKliOUBTlBE, = (phloretic acid) -2H20. Phloretic 

acid, heated at about 60° with phosphorus oxychloride, dissolves, with evolution of 
hydrogen chloride, and after about an hour the whole solidifies to a white mass. On 
washing the product with ether, alcohol, and water, and then dissolving it in glacial 
acetic acid at the boiling heat, the solution on cooling yields white crystals of tri- 
phloretide (H. Schiff, Ber. vi. 759). 

TBIBHOSPHBIO'YI.ZC JUdB, (G»Hs)®(PO)=^0*(OH)". See Phosphentuc- 
Acids (p. 1576). 

XBZPKOSPKBZrvXi SUX.PHIBB, (C«H®P)5S, is produced, together with 
phenylphosphine sulphide, C®H^PH-S, by heating pWylphosphine with sulphur at 
100° in a stream of hydrogen. It forms crystals which melt at 138°, are insoluble in 
ether, hut dissolve with violent reaction in nitric acid (Kohler a. Michaelis, Ber. x. 
807). 

TBXPHirXiXSir. This mineral occurs in a granite vein at Grafton, New Hamp- 
shire, in masses of various weight up to 20 kilograms and more ; frequently decom- 
posed on the outside, but fresh in the interior. The following analyses by S. L. 
Pentield {Sill. Am. J. [3], xiii. 425) lead to the formula lOfi^PO'^-t- llfi®P^O^, which 
<'nes not differ much from that given by Bammelsberg {Minm'alcJiemie, 2 Aufi. 307), 
R3pO'‘ + :^sp-’0«: 


paQS 

FeO 

MnO 

CaO 

MgO 

Li=0 

K=0 

Na“0 

H=0 


44*18 

26*09 

18*17 

0*89 

0*56 

8*77 

0*32 

0*16 

1*47 = 

100*61 

43*88 

26*38 

18*24 

0*99 

0*61 

8*81 

0*32 

0*09 

1*47 = 

100*79 


THXPZiil.TOCTOITXTBOSYXiXC A.CXB, Pt®0(N02)8H^ See Platonituites 
(p 1655). 

TBXPBZTB. This mineral has been found by Stelzner {Jahrh. f. Min. 1 874, 
304) in the granitic quartz- veins of the Sierra de Cordoba, Argentine Republic, 
forming masses of the size of the fist without any indication of crystallisation. The 
analyses, performed by M. Siewert, differ considerably from other analyses of triplite 
(iv. 571), and are referred by him to the formulae (-IMUjICalF'-^-l- 2[3(fMn0,-3'Fe0)P“0^], 
for A, and 10[(^-Mn,iOa)F‘‘^ + 3(fMn0,iFe0)PW]4-Fe-0=^ for B’ Sp. gr. of A = 
3'24 to 3*86 ; of B==3-83 to 3'90. 

X(i) paQ5 peo Fe“0=* MnO Mn CaO Ca MgO F 

A. 1 (found) 0-13 35*65 18*30 — 37*84 — . 4*46 — trace 4*94=. 101*32 

2 (calc.) — 35*89 18*20 — 35*39 2*55(2) — 3*16(3) __ 4.81 = 100 

B. 1 (found) M7 31*13 15*88 2*22 37*74 — 5*92 — trace 7*78=101*84 

2 (corr.)(4) — 31*50 16*07 2*25 38*20 — 5*99 — trace 7*87 = 101*88 

3 (calc.) — 31*21 15*84 3*51 30*77 5*93(3) — 4*39(3) — 8*35=100 

(‘) Gangue. (=) Equivalent to 3-30 MnO. (®) 4’42 CaO. (0 After deduction of gaugue. 
7*69 MnO. C) 6-14 CaO. 
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TRXPXiOSBXTS (G. J. Brush a. E. S. Dana, 8ill Am. J. [3], xvi. 33, 114). A 
ferroso-manganous phosphate, occurring, together with several others,^ in a granite 
vein rich in albite, near the village of Branehville, Bedding District, Pairfield County, 
Connecticut. It usually forms crystalline aggregates mostly paraUel-fihrous to 
columnar or divergent, sometimes confusedly fibrous to nearly massive. Occasionally 
distinct crystals are found imbedded in quartz, from which they cannot be separated 
without breaking into small pieces; rarely crystals maybe found projecting into 
cavities in the massive mineral. Hardness = 4*5-5, Sp. gr. =» 3*697. Lustre 
vitreous to greasy-adamantine. Colour yellowish to reddish-brown ; crystals topaz- 
to wine-yellow, sometimes hyacinth-red. Streak nearly white. Transparent to trans- 
lucent. Fracture sub-conchoi'dal. 

The crystals are monoclinic and homceomorphous with wagnerite ; they are much 
striated, and occasionally exhibit false planes. Observed faces: OP, coPco, coPco, 
ooP, Pco, 2P2. Habit prismatic. Axial ratio a\h: c= 1*8571 : 1 : 1*4944. Angle 
ao ~ 71° 46'. Of the two axes of elasticity which lie in the plane of symmetry, one 
nearly coincides with the principal crystallographic axis ; the other is almost normal 
to the orthopinacoi’d. 

Analyses by S. L. Penfield: 1. Mean of two analyses of crystals; 2. A darker 
variety, richer in iron : 

FeO MnO CaO H“0 Quai-tz 

1. 32*11 14*88 48*45 0*33 4*08 — = 99*85 

2. 32*24 18*65 42*96 not det. 4*09 1*09 

These analyses lead to the formula fi'^P^O'^ + H-0 = 6®(P0‘)^-f-fiH20‘-^, which for 
Mn ; Fe = 3 : 1 requires the values 31*91 P'“0^ 16*18 FeO, 47*86 MnO, 4*05 H^O. 
Triploidite being isomorphous with wagnerite, and the composition of the latter 
being analogous to that of triplite, the relations bet*w'een these three minerals may he 
represented by the following formulae : 

Wagnerite Mg^P^O® + MgF® 

Triplite (Fe,Mn)3p20® + (Fe,Mn)F2 

Triploidite (Mn,Fe)®P20® + (Mn,Fe)(OH)2 

that is to say, triploidite is triplite having the fluorine replaced by hydroxyl. 

TBXPOXiX. This name is given in commerce to a porous, easily friable mineral 
produced by transformation of hornstone ; it occurs in large quantities in South-west 
Missouri, and is used for making whetstones (A. Schmidt, Jahrh.f. Min. 1878, 719). 

TRXPBOPYX.A.RSXHZ:, (Cm’^fAs. See Pbopyl-compounds (p. 1677). 

TRXPBOPYXiPHOSPHXlffBS, (C®H0«P. Normal tripropylphosphine is ob- 
tained by the action of phosphorus trichloride on zinc-propyl; 3(C®H0'^Zn + 2PCP - 
3ZnGP + 2(C®H^)®P (Cahours, Compt. rend. Ixxvi. 1383). 

On THAsopropylphosphines, see Phosphines (vii. 955). 

TRXPBOPYBSTrx.PKXXrx: XOBXBE, (0®Hn»SI. See PnoPYL- compounds 
(vii. 1014). 

TBXPSEVBOTOX.YX.-Gtrikia'XBXZrx: (see p. 2062). 

TBlSTOPHETHYX-HlETHAWrE, or »!I:ETHYI.TE1I«EBCAPTXBE, 

CH(S.C‘^H^)®, formed by the action of chloroform on sodium -mercaptide, is an oily 
liquid, partially decomposing when boiled, and oxidised by nitric acid to ethylsul- 
phonic acid (Niederist, J. pr. Chem. [2], xv. 174). 

TRXSITBPHYBEOXYBBBrZOXC ACXB, C®(OH)H(SO®H)®COOH, syn. with 
OxY- (or rather Hydroxy-) benzotrisulphonic Acid (p. 1467). 

TEXStrX.PHOE'ETKYX.-xrXTEOSYXi, C®H^®S®O^N = (G2H^S02)3NO. This 
compound, which Wischin obtained (Liebig's Annalen, cxxxix. 364), together with 
ethylsulphonic acid, by the action of nitric acid on ethylsulphinic acid, C'-^H^SO.OH 
(produced by the action of sulphurous acid on zinc-ethyl), has been further examined 
by Zuckschwerdt (ibid, dxxiv. 308), who finds that it is more abundantly obtained 
by treating the product of the action of sulphurous acid on zinc-ethyl directly with 
nitric acid. The product, which is viscid and ropy, after being freed by a little water 
from ethyl oxide (formed in its preparation), is gently heated in separate small portions 
with a large excess of nitric acid of sp. gr. 1*4, wherenpon a violent reaction soon sets 
in, accompanied by evolution of nitrous fumes and separation of an oily liquid, which 
soon solidifies, to a crystalline mass. This mass is separated from the liquid (available 
for a further operation), pulverised, purified by washing and fusion under water, and 
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finally twice crystallised from boiling alcohol of 96 per cent. Its formation is repre- 
sented by the equation ; 

6(C2H3.SOOH) + SNO^H = -h SH^O + 3(C2H^S03H). 

Trisulphonethyl-nitrosyl, when slowly separated from a moderately concentrated 
alcoholic solution, forms large colourless tabular crystals, easily soluble in boiling 
alcohol, less soluble in cold alcohol and in ether, very sparingly in cold water, some- 
what more freely in hot water. It melts at 81*o“, volatilises without residue when 
cautiously heated, and at a higher temperature carbonises and burns, emitting sul- 
phurous vapours. When burnt in a current of air, it gives off large quantities of red 
vapours. It is not altered by strong sulphuric or hydrochloric acid, even when heated, 
but by prolonged boiling with nitric acid it yields ethylsulphonic and sulphuric acids. 
Its alcoholic solution is not precipitated by mercuric chloride, platinic chloride, or 
silver nitrate. By alcoholic potash at ordinary temperatures, or by aqueous potash 
at the boiling heat, and more slowly in the cold, or by boiling with baryta- water, it 
yields ammonia equivalent to one-fourth of the total nitrogen, sulphuric acid, and as 
chief product (more than 2 mol. to 1 mol. of the substance), ethylsulphonic 
acid : 

2(C2H^S02)3N0 -i- 6KOH - 6{Gm\SO^K) 4- 3H' + 
and 

3(N202 + 3H2) = 6H20 -i- 2NH3 + 2N2 

The oxygen of the NO-group is, however, partly employed in oxidising the ethyl- 
sulphonic acid to sulphuric acid. Trisulphonethyl-nitrosyl, heated at 180'^ with 
fuming Jiydrochloric aoid, is resolved into ammonia, containing the whole of the nitrogen, 
and ethylsulphonic acid, while sulphuric acid is formed in relatively small quantity 
only. The same decomposition takes place, though much more slowly, on heating the 
compound at 180° with water, the quantity of sulphuric acid thereby produced being 
relatively greater, and that of ammonia smaller, than in the former case. Heated at 
1 60° with twice its weight of phosphorus pentachloride, the nitrosyl-compound is con- 
verted into chlorisethionic chloride : 


(C2H5.S02)SN0 + 6PCP = 3(C2H^CLS02C1) + 6PCP + 3HC1 NOCl + OP. 

TRlTKIACETAIiaiEH'SrilE, See Thialdehtde (p, 1950). 

TRXTHIACETAEriEXBE, C‘5H‘*(HH)G2H’»O.S3.C2H-‘(NH)C'-H80, is formed, 
together with dithiacetanilide, by the action of sulphur chloride on acetanilide at 100°. 
The two compounds may be separated by means of glacial acetic acid, in which the 
dithio-compound is easily, the trithio-compound only sparingly soluble. The latter 
crystallises from solution in'glacial acetic acid in nacreous laminge melting at 213°- 
214‘5°. It dissolves readily in warm alcohol, and separates therefrom in stellate 
groups of small crystals (E. B. Schmidt, Ber. xi. 1168). 

TRXTHXOCAEBOlfATE, BtTTlTEXC, (C'‘H9S)2CS. This thio-ether, formed 
by beating butyl iodide^ with a strong aqueous solution of potassium trithiocarbonate 
at 100°-130°, is an orange-yellow oily liquid having a faint odour and boiling at 
285°“289°. By alcoholic potassium hydrosulphide at the boiling heat, it is resolved 
into butyl hydrosulphide, potassium sulphide, and potassium carbonate ; by ammonia 
into butyl hydrosulphide and ammonium thiocyanate ('Mylius, Ber. vi. 312). * 

TBXTKXOXiTXC ACXB, S^O^H^. See Sulphuu, Oxygen-acids of (p. 1882). 

TRXTXCXET, G^2B[22 qii^ ^ gummy substance, isomeric with cane sugar, occurring 
in the root of couch-grass {Triticum repens). See Cotjch-geass (p. 574). 


TXtlTICXnwc. The pericarp aud embryo of common wheat (2>. sativicm) have 
been analysed by A. H. Church {Arch. JPharm. [3], x. 60) with the following results : 


Water. 

Fat . 

Albuminous matter 
Cellulose and lignose 
Starch, dextrin, &c. 
Ash . 


Pericarp Embryo 

15T7 12*53 p. c. 

1*31 4-18 

10*37 35*70 

1 70-51 j 

2*64 5*76 


TBXTOEYE-ABSXXflTE, As(C^H7)*. See Tolylarsenic Compounds (p. 2031). 

TRXTOETrii-GXTAXirXBIlsrB (a), - (G7H0H=:C[NH(C7H7)]2. TW-p- 

tolyl guanidine is formed by heating mono-p-tolylcarbainide with p-toluidine and PCF 
(p. 909). 
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Tri-o-tolyl-guamdine, or Tripseudotolyl-guamdine, is obtained by beating diortho- 
tolylcarbamide -with PCI® and orthotolnidine, or from the corresponding thioearbamide 
by heating with o-toluidine alone, or in alcoholic solution with o-toluidine and lead 
oxide. It forms cauliflower-like groups of white needles, melts at a little above 100'^, 
is insoluble in water, but soluble in alcohol and li^o'in. Heated with carbon bi- 
sulphide at 180®, it is resolved into diorthotolylthiocarbamide and orthotolylthio- 
carbimide : 

(07H0N=:C[NH(C^H0]" + OS® = CS[HH(C^H0]^ -f CSxzN.C-H" 

(E.. Girard, Ber. vi. 444). 

TBZTOXiTXiOXBTKYXiEXa'E-SXtrBET, 

- H(C'H^)[OmOO.NH(C^HO]-. 

See Guycoliamides (p. 883). 

TEITTEET, appears to be formed, together with biuret and phosph- 

amido-compounds, by the action of phosphorus trichloride on urea (Weith, Ber. x. 
1743). 

TRIVAEBRYEENTE, See Valeeylenb. 

TROCrERlTE, 3U0®,A8®0^+ 12H®0. See Uranic Arsenates (vii. 1190). 

TROPJEOEINES. This name is given in commerce to certain yellow and 
orange colouring matters produced by the action of diazosulphonic acids on phenols. 
See SuLPHONic Acids (p. 1857) ; further 0. N. "Witt (Ohem^ Sog. J. xxxv. 179). 

W. V. Miller {Ber. xi. 460) recommends these dye-stuffs as indicators in alkalimetry. 
The one best adapted for the purpose is known in commerce as tropasoline 00 ; its 
aqueous solution, when treated with acids, acquires a yellow colour changing to 
crimson, whereas the same coloration is not produced either by acid carbonates or 
free carbonic acid or solutions of metallic salts. 

TROPIC ACID, C®Hi°0® = OH®(OH).CH(C«HS).CO®H. This acid, one of the 
proximate constituents of atropine (vi. 249), has lately been prepared synthetically 
from atropic acid by Ladenburg a. Eiigheimer (Ber. xiii. 373). Atropic acid, 
treated with hypochlorous acid, is converted into chlorotropic acid, C“H‘*C10® (m. p. 
129®): 

CH®zzC(C«H®).CO®H -h HCIO = CH®(OH).CCl(C«H''‘).CO®H ; 

and this chlorinated acid, which is very soluble in water, is reduced in alkaline solu- 
tion by zinc-dust and iron-filings to atropic acid : 

CH®(OH).CCl(CeH®).CO®H + H® - HCl + CH®(OH).CH(C«Hs).CO®H. 

TROPXZffE, C®H^®NO. This base, which Kraut obtained, together with atropic 
acid, by the action of baryta-water on atropine, may also be extracted in considerable 
quantity from the residues of the preparation of atropine. It is likewise produced, 
together with a brown resinous body called hellaclonw acid, by boiling belladonine 
with alcoholic potash. Tropine, mixed with benzoyl chloride, yields benzoyl-tropine 
as an oily mass, which after a while solidifies in the crystalline state, and unites with 
acids, forming salts very much like those of atropine. The action of tropine on the 
pupil and on the contractile apparatus of the heart is much weaker than that of 
benzoyl-tropine or of belladonine (E. Buchheim, N. Bep. Pharm. xxv. 344). 

TSCHERMAKXTE. This triclinie felspar from Bamle in Norway, analysed 
with somewhat different results by v, Kobell and by G. W. Hawes (p. 774), has been 
further examined by Pisani (Gomjpt. rend. Ixxx. 370), whose analysis agrees nearly 
with that of Hawes, especially in assigning to the mineral only a small amount of 
magnesia : 

SiO- A1“0= CaO MgO Na=0 H=0 Sp. gr. 

66*37 22*70 1-40 0-95 9*70 0*70 = 101-82 2*60 

These numbers show that the mineral is an albite, and this result is confirmed by 
the optical investigations of Bes Cloizeaux (Cornet, rend. Ixxx. 364). 

TSCKtTRXia'G, or ZERECKTXTE, an Abyssinian drug, consisting of the 
leaves, flowers, and fruit of Ubyma ScUmyeri, contains, according to Dragendorff 
(Arch. P)krm. [3], xii. 116) : 
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Moisture ..... 




, 

. 6*11 p. 

Ash 





. 9*23 

Sand 





. 2*81 

Ammonia 





. ■ 0*93 

Albumin 





. 0*93 

Other Protei'ds .... 





. 11*74 

Cellulose . . 





. 35*19 

Vasculose, Cuticular Substance, &c. 





. 2*57 

Pararabin ..... 





. 2*27 

Pectin-substance 





. 2*32 

Mucus soluble in Water . 





. 1*98 

Cai'bohydrate (not Glucose) 





. 11*26 

Essential oil . 





. 1*72 

Fat and a small quantity of Chlorophyll 




. 1*50 

Eesin and Chlorophyll 

. 




. 2*05 

Tannic acid .... 





. 2*82 

Tartaric, Citric, and Oxalic acids 





. 3*61 

Oxalic acid combined with lime 




. 

. 0*96 


100-00 

TITPA. The tufas of the island of Isenia have been analysed by C. W. C. Tnchs 
{Jahrb, /. Min, 1873, 429): 1. Gtreen Epomeo Utfa; sp. gr. = 2T7. 2. Picmice 
tufa from Monte di Vieo. 3. TfacTiytio tufa : Punta S. Angelo, 4. So-ealled Marl : 
Epomeo. 5. Mass resembling lithomarge from the so-called Marl : Casamicciola di 
sopra. 6. Clay (so-called): Creta\ a. Entire mass; h. Soluble in acetic acid; the 
acetic acid dissolves out 18*44 per cent. CaCO®: 



SiO= 

Al-0“ 

Fe’^O^’ 

FeO 

MuO 

CaO 

MgO 

K=0 

Ka=0 

P=0' 

XO 


1. 

54*69 

20*00 

3*13 

2*26 

0*02 

2*17 

0*70 

4*77 

0*28 

0*021 

11*61 = 

99*65 

2, 

64*02 

18*18 

3*64 

2*23 

0*11 

2*01 

0*79 

3*86 

171 

0*004 

14*30 = 

100*85 

s’. 

53*71 

16*35 

2*82 

2*19 

0*03 

1*38 

0*55 

6*73 

2*53 

— 

14*43 = 

100*72 

4. 

59*88 

17*28 

5*06 

2*30 

trace 

1*69 

0*80 

6*43 

2-97 

0*043 

3*69 = 

100*14 

’5. 

58*31 

19*79 

2*86 

2*11 

— 

0*70 

0*81 

6*29 

2*88 

— 

7*24 = 

100*99 

6a. 

46*28 

12*71 

4*46 

2*14 

— 

11*27 

2*17 

2*58 

0*82 

— 

8*67 = 

91T0 

65. 

57*20 

1571 

5*51 

2*64 

— - 

1*16 

2*68 

3*19 

1*01 

— 

1071 = 

99*81 


(') Loss by ignition. 


Tufa accompanying the diorite of the gold-field of CJ-ympe in Queensland (p. 654) 
has been analysed by E. Daintree {Geol, Soo, Qu, f. xxviii. 271). It contains little 
or no gold, whereas the diorite is rich in that metal : a. Entire composition ; b. Solu- 
ble in hydrochloric acid (54*9 p. c.) ; c. Insoluble (45*1 p. c.) : 

SiO“ Fe°0=* FeO CaO MgO K=0 CO= H^O 

a. 43*150 21*570 3*610 8*520 12*450 1*785 1*310 1*710 3*560 1*600= 99*265 

h. 28*234 23*442 6*575 11*666 16*074 2*022 — — 6*484 2*913= 97*410 

c. 60*753 19*395 — 4*800 7*206 1*873 2*904 3*791 — •— =100*722 

The following analyses of tufa-formations in South Tyrol are given by C. Dcelter 
{Jahrb, f. Min, 1873, 569) : 

1. Augitio Porphyry from the Sasso di Mezzodi on the Padoa-peak, designated by 
V. Eichtenhofen as Eruptive Tufa; analysed byEpp. 2 and 3. Pietra verde from 
Monte Frisolet near the village of Andraz in the Buchenstein Thai. The name 
‘Pietra verde’ is given to various tufa-formations ; in the present case the chemical 
composition indicates a quartz porphyry tufa : analysed by P. Schridde : 



SiO“ 

A1=0" 

Fe=0=’ 

FeO 

GaO 

MgO 

K=0 

Ma“0 

H=0 

P'^O" 

CO* 

1. 

53*17 

15*57 

8*12 

2*42 

4*88 

4*18 

3*58 

3-22 

3*31 

1*21 

— = 99*66 

2. 

68*95 

10*44 

1*30 

1*82 

5*07 

1*47 

3-96 2*14 

0*60 

— 

3*74 = 99*49 

3. 

69*10 

10*50 

— 

3*97 

4*62 

1*04 

7*16 


^23^ 



TtnorGSTEHr. Atomic Weight, 184. — F. Jean {Compt, rend. Ixxxi. 95) prepares 
metallic tungsten by mixing finely pounded wolfram with 3 per cent, potassium car- 
bonate and 20-30 per cent, common salt, heating the mixture to redness for half an 
hour, boiling the cooled and pulverised mass with hydrochloric acid — whereby pure 
tungsten trioxide is obtained — and reducing this oxide in a stream of hydrogen. 
F. Filsinger {Chem. Ind. 1878, 229) prepares the metal from commercial sodium 
tungstate by adding 1 pt. of the salt to 2 pts. by weight of common hydrochloric acid 
of sp. gr. 1*18 to 119, passing steam into the liquid till it boils ; then adds nitr^ acid 
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of sp. gr. l'8o in quantity equal to 4 or 5 per cent* of the sodium, salt ; and continues 
the boiling till the separated tungstic oxide assumes a dark yellow colour. This oxide, 
after being thoroughly washed and dried, is ultimately mixed with 10 per cent, finely 
pounded charcoal, and 2 or 3 per cent, powdered rosin, and heated to whiteness for 
several hours in a well-closed crucible. The product, when pulverised and freed from 
charcoal by levigation, yields 80-90 per cent, metallic tungsten. 

On the Estimation of Tungsten in Iron aiid Steel, see S. Kern {Ohem, News, xxxv. 
67, 247, 270). 

On the Technical Applications of Tungsten and its Compounds, see J. Philipp 
{Hofmann's EniwicJcelung der Chemischen Industrie, 746). 

Chlorides and Oxychlorides. Persoz a. Bloch {Comft, rend, xxviii. 86, 289), 
by heating tungsten trioxide with phosphorus pentachloride at 200°, obtained a pro- 
duct to which they assigned the formula 'W‘0^,2PCP, and H. SchifF {Liebig's Annalen, 
cii. 211) obtained by the same reaction a product which he regarded as a compound of 
POOP with WO^CP. According to N. Teelu, on the other hand {ibid, clxxxvii. 256), 
the sole products of this reaction are phosphorus oxychloride and tungsten hex- 
chloride, WCl®, whidiis thus obtained in metallically lustrous steel-blue crystals, 
melting at 189°, easily soluble in phosphorus oxychloride, retaining their metallic 
lustre undiminished when immersed in water of ordinary temperature even for thirty- 
six hours, and exhibiting in other respects the properties assigned to the compound 
by Koscoe (vii. 1184). 

Further experiments on the action of POP on WO® have been made by Schiff a, 
Piutti {Gazs. chim. ital. ix. 277), who find that, under the conditions described by 
Teelu, the hexeliloride is the only product obtained, but that under other conditions 
oxychlorides are likewise produced. When the trioxide (prepared from ammonium 
tungstate) is heated in a retort with 1 or 2 mol. POP, phosphorus oxychloride distils 
over, together with a small quantity of the higher chlorides of tungsten, chiefly the 
hexehloride.- The red-brown residue is washed with cold carbon sulphide to remove 
small quantities of hexchloride, and then treated with a larger quptity of ^ warm 
carbon sulphide, which dissolves up the tungsten oxychlorides, leaving a residue of 
unattacked tungsten trioxide and lower chlorides of tungsten. A portion of the oxy- 
chlorides separates in red crystals on cooling, but the greater part remains dissolved, 
and is obtained as a crystalline cake on evaporating the carbon sulphide. By careful 
sublimation in a stream of carbon dioxide, the more volatile oxytetrachloride, WOCl*, 
may be separated from the less volatile yellow dioxydickloride, WO‘-CP. When 
1-2 mol. POP is employed to 1 mol. WO®, the chief product of the rpaction is the oxy- 
tetracliloride, which, when purified by sublimation, is sometimes obtained in splendid 
red needles melting at 208°-210°. By heating with PGP to about 170°, it is con- 
verted into the hexchloride, a small portion of w'hicli is resolved into chlorine and the 
pentachloride. 

A mixture of tungsten oxychlorides is obtained by heating the trioxicle to redness 
in a stream of the vapour of carbon tetrachloride, or in a stream of chloride and 
carbon dioxide previously passed over red-hot charcoal (G. W. Watts a. C. A. Boll, 
{Cham. Soc. J. xxxiii, 360). 

Trioxide or Tungstic Oxide, WG®, and Tungstates. On the preparation of 
the pure tri oxide from commercial sodium tungstate, see p. 2063. 

The following reactions of soluble tungstates are described by J. W. Mallet 
{Chem. 8og. xxviii. 1228): 1. Contrary to the statements in many manuals, the 
precipitate formed by hydrochloric acid in an alkaline tungstate is redissolved by an 
excess of strong hydrochloric acid. 2. Such a solution gradually brought in contact 
with small pieces of zinc exhibits various colours, the most striking of which is a 
brilliant magenta-red. 3. On treating the hydrochloric acid solution with potassium 
thiocyanate, and then introducing a piece of zinc, a deep green colour is produced. 
4. When, on the other hand, the solution of an alkaline tungstate is treated first with 
potassium thiocyanate, then with hydrochloric acid and zinc, a fine amethyst colour is 
produced. 5. The blue colour characteristic of the lower oxides of tungsten is best 
obtained by reduction with hypomlphurous acid, SG®H^. 

According to 0. Maschke {Zeitschr. anal. Chem. 1877, 427), a strongly alkaline 
solution of sodium tungstate is reduced and turned blue by organic bodies. 

On the reaction of sodium tungstate with sal-ammoniaG, see F. Jean {Compt rend. 
Ixxviii. 1436 ; Jahresb.f. Chem. 1874, 283). 

ikengsfo-sodic Tungstate (gold-bronze) is best prepared by adding tungstic oxide 
to a mixture of tin and acid sodium tungstate, in such quantity that the mixture when 
fused in a crucible at a rather strong heat, then pulverised and introduced into a 
porce^in tube, merely sinters together over a weak ehai'coal fire. Reduction by 
means of coal-gas then takes place in a few hours. After repeated purification with 
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hofc nitric acid to oxidise the excess of tungsten dioxide, and mth soda-ley, the 
preparation forms a powder having in sunlight a splendid gold-yellow colour. The 
corresponding potassium-salt (violet-bronze) requires a higher temperature (H. 
Schnitzler, Diiigl. poL J, ccxi. 484). 

Acid Tungstates (J. Lefort, Compt. rend. Ixxxvii. 748; Ixxxviii. 798; Ann. 
Chim. Phgs. [6], xvii. 470). — The following acid tungstates of potassium and sodium 
are obtained by the action of organic acids on the corresponding normal tungstates. 
Sodmm ditungstate, Na-W-ObOH-O, is obtained in fine long prismatic crystals on adding 
acetic acid to a solution of the normal tungstate till the liquid exhibits an acid reac- 
tion. The tritimgstate, lSra“W^0^‘’,4H-0, is easily prepared by pouring a boiling-hot 
solution of the ditungstate into boiling acetic acid. The liquid, if left in a cold place, 
separates into two layers, the lower of which — heavy, semi-transparent, syrupy, and 
difficult to crystallise — contains the tritungstate, while the upper consists chiefly of 
sodium acetate and excess of acetic acid. The tritimgstate crystallises in elongated 
prisms. A. salt, Isra'‘'W^0^’',llH20, intermediate between the two preceding, is obtained 
in oblique prisms on adding a solution of the normal tungstate to acetic acid. Cor- 
responding salts are obtained in like manner: crystallises in 

nacreous laminae ; in small very slender needles ; in 

prismatic tablets, easily resolved by boiling water into the di- and tri-tungstate. The 
tritungstate of potassium is especially distinguished by its property of being trans- 
formed into the metatungstate by prolonged boiling with acetic acid, a character not 
exhibited by the corresponding sodium salt. 

Oxalic acid converts the normal tungstates of potassium and sodium into ditung- 
state and oxalate, which, in the case of the sodium salts, crystallise together and cannot 
be separated, whereas the potassium salts are easily separated in consequence of the 
relatively sparing solubility of the ditungstate. The action of tartaric acid on normal 
alkali-tungstates appears to give rise to uucrystallisable double salts ; citric acid also 
produces double salts, one of which crystallises in tufts of oblique prisms. 

The following tritungstates are obtained by mixing the solution of sodium 
tri tungstate with an equivalent quantity of a metallic acetate, and leaving the mixture 
at rest for some time. Excepting in the case of the barium, strontium, and lead salts, 
which are but slightly soluble in water, no precipitation takes place at first, but on 
addition of alcohol the salts separate in the form of bulky precipitates which aggregate 
into semi-transparent and semi-solid viscid masses. The tritungstates are for the most 
part unstable, and easily decompose, especially in aqueous solution, into insoluble 
ditungstates and soluble tetratungstates. They are also decomposed by mineral acids, 
and in the first instance without separation of tungstic acid, the formation of the 
hydrate of that acid taking place only after some hours. 

Barium Tritungstaie, Ba'W^0'°,4H-0, or Ba0,3W0^4H20, is a white bulky 
amorphous precipitate, soluble in about 300 pts. water at 15° ; it is not decomposed 
by cold water, but is resolved on boiling into insoluble di- and soluble tetratungstate. 
The strontium salt, SrW^0*®,5H“0, separates as a white bulky precipitate, which 
coagulates to a colourless viscid mass. The calcium salt, OaW^O^°,6H^O, is a white 
semi-solid glutinous precipitate, soluble in cold water. The magnesium salt, 
Mg'W'^0’®,4H'^0, is a white glutinous mass very soluble in water. The manganous 
salt, MnW®0‘®, is a wax-yellow translucent pasty mass. The ferrous salt, EeW®0'<’,4H20, 
is a reddish precipitate which coagulates to a brown pasty mass, and quickly oxidises 
in moist air. The nicJcel salt, NiW^0^®,4H“0, is a greenish-white mass of the con- 
sistence of honey. The cobalt salt, OoW^O'®,4H-0, is a reddish viscid mass. The 
cadmium salt, CdW®0'®,4H^0, is a white semi-transparent gummy mass. The lead, 
salt, PbW^0^°,2H“0, is a white pulverulent precipitate which does not become viscid. 
Neither a cupric nor a mercurous tritungstate appears to exist. 

The following tungstates have also been prepared by Lefort [loc. cit. 748 ; Ixxxviii. 
798). Aluminium Salts. — The nor?nal salt, APO^SWO^jSH^O, is obtained by 
precipitating alum-solution with normal sodium tungstate, as a white bulky precipitate 
soluble in 1500 pts. water at 15°. An acid salt, A120^4W0^9H20, formed on mixing 
the concentrated aqueous solutions of alum and acid sodium tungstate, is a white, 
much denser precipitate, soluble in 400 pts. water at 15°. Another acid salt, 
Al^0®,5W0^,6H-0, is obtained on mixing aluminium acetate and sodium' tritungstate 
in equivalent proportions, as a white precipitate which thickens to the consistence of 
honey. Ferric salts. — 2Ee^0^,3W0^6H-0 is obtained by precipitating ferric acetate 
with normal sodium tungstate, as a yellow precipitate, soluble in about 300 pts. water 
at 15°. Ee“O^2WO®,4H-0, obtained in like manner with sodium ditungstate, is a 

brown-yellow precipitate soluble in about 50 pts. of water. Ee‘0*,4W0^,4H20 is 
obtained by precipitation with sodium tritungstate as a deep-red pasty mass. Qhromio 
salts. — The basic salt, Cr20^2'W0®.5H^Q, is obtained with chromic acetate and normal 
Tol. VIII. 6 E 
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sodium tungstate, as a blue-green powder soluble in 400 pts. water at 15° 
the 7 ioTmal salt, Or^O^jS'WO^SH-O, by precipitating chrome-alum with sodium di 
tungstate, as a dingy green powder; an acid salt, Cr20®,4W0^6H-0, by mixing the 
solutions of chromic acetate and sodium ditungstate, and pouiang the mixture into 
strong alcohol ; and another acid salt, Qt^0^,6W0^,^'S30, with chromic acetate and 
sodium tritungstate, as a bluish translucent viscid mass. A^itUnony salts . — The 
normal salt appears to be formed on mixing a solution of tartar-emetic with normal 
sodium tungstate, as a white precipitate slowly decomposed by washing with water. 
An acid salt, Sb-0^,5W0®,4H“0, is formed on mixing the solutions^ of tartar-emetic 
^ and sodium ditungstate, as a heavy yellowish precipitate which dissolves in water 
with moderate facility and without decomposition. Another acid salt, SV0^,6W02,8H‘'^0, 
is obtained as a white precipitate on mixing the solutions of tartar-emetic and' sodium 
tritungstate. The bismuth salt, Bi^®. 6W0^8H-0, obtained in like manner with 
bismuth acetate, is also a white precipitate. Uranic salts.— ThQ basic salt, 
TJ0^W0^2H^0, is a yellow amorphous sparingly soluble precipitate; the normal 
salt, IJO®,3WO^,5E^O, is a yellow amorphous precipitate (Lefort). 

Lanthanum Tungstate, La"0^8W0^ obtained on mixing sodium tungstate 
with a lanthanum salt, is a colourless gelatinous precipitate which dries up at the 
heat of a water-bath to a tliick white crust, soluble in acids. The didy miu.m salt, 
Di-0^,3W0^, is obtained in like manner as a gelatinous precipitate, which dries up to 
a transparent rose-coloured mass (Frerichs a. Smith, Liebig' s Amialen, cxci. 331). 

Native Tungstates. — ^Wolfram and Scheelite, occurring at Meymac, Depart- 
ment Gorrfeze, France, have been analysed by A. Carnot {Gonvpt. rend. Ixxix. 637). 
1-3. Wolfram. Sp. gr. = 6-54. 1 and 2. Black shining fragments with brown 
streak. 3. Laminar black, with greyish veins ; streak grey. 4 and 5. Scheelite : 



WO® 

FeO 

MnO 

CaO 

MgO 

Ta®0* 

G-angue 

H®0 


1. 

74*75 

16*17 

6*40 

0*40 

0*17 

0*950) 

1*12 

— 

= 99*96 

2. 

74*25 

15*85 

6*51 

0*80 

0*04 

1*100) 

— 

0*70 

= 99*25 

3. 

72*67 

14*70 

3*38 

0*70 

trace 

0*900) 

4*00 • 

1*55 

= 97*90 

4. 

74*50 

1*05 

0*30 

18*70 

— 

— 

5*20 

— 

- 99*75 

5. 

74*20 

1*51 

0*35 

18*84 

— 

0*40 

4*24 

— 

= 99*54 


C) In other specimens the proportion of Ta®0® rose to 5 per cent. (“) Fe®0®. O Mn®0“. 


On the Crystalline Form of Wolfram, see Jeremejcw (Tahrb.f. Mm. 1873, 421); 
Groth a. Arzruni (Pogg. Ann. cxlix. 235) ; Krenner (jahrh.f. Min. 1875, 648) ; also 
Jahresh.f. Chem. 1873, 1184; 1875, 1232. 

On Platinotung states, see Pxatinum (p. 1656). 

TUl&iaSBZC. This substance may be detected in rhubarb and mustard by 
exhausting these latter with absolute alcohol and mixing the yellow filtrate with 
borax. If turmeric is present, the solution acquires a deep red-brown colour, the 
intensity of which is scarcely diminished by addition of hydrochloric acid (Maisch, 
Lingl. pol. J. ccviii. 80). L. Howie {Arch. Pharm. [3], v. 251) places the pulverised 
mustard or rhubarb on white paper, and moistens it with a few drops of chloroform. 
This liquid on evaporating leaves the powder surrounded with a yellow ring of various 
depths of colour ; and on placing thereon a drop of concentrated borax solution and a 
drop of hydrochloric acid, the presence of turmeric will be detected by the production 
in a few seconds of a decided red colour, changing on addition of potash-ley to a black 
or greenish-black. 

TURITEBITS. The native cerous phosphate called by this name has been 
shown to be identical with monazite. See Phosphates (p. 1599). 

TTmTTBTri,l.’S BZitTB, Fe5(C]Sr)*2^ On the occurrence of this pigment in 
commercial Prussian blues, see Ferrocyathdes (p. 614). 

TURPXSIO'TIB'B. See Terrenes (p. 1901). 

TirR<iXroiSE« H. Bucking {Jahrh.f. Min. 1878, 655) has examined turquoises 
from the Megara Valley, Sinai, Hicabar in Persia, Moses Well in Arabia, Steine in 
Silesia, Oelsnitz in Saxony, and Silver Peak, Columbus District, Nevada. The nature 
of the colouring matter in these turquoises has not been determined with certainty. 
The mass is for the most part homogeneous, made up of very small double-refracting 
particles, and when examined by ordinary light, exhibits darker-coloured annular 
portions in some specimens only (especially those from the Megara Valley) ; in 
polarised light, on the other hand, especially in specimens exhibiting incipient decom- 
position, chalcedony-like particles having a concentrically scaly structure may be 
detected most abundantly in the German specimens. The so-called ‘ Persian tur- 
quoise’ lately introduced into commerce, and often regarded as an artificial product, 
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approaches most nearly to the American, and may be recognised as genuine by the 
brown hsematite which adheres to it and penetrates the mass ; it is perhaps a 
particularly fresh variety from Nicabur. Sections of turquoise when heated turn 
first green, then black, and finally brown, a reaction which indicates copper phosphate 
as the admixed pigment. According to J. J. Pohl (Jahrh.f, Min, 1878, 364; Qhem, 
Bog. J, xxxvi. 209), genuine turquoises may be distinguished with certainty from 
imitations by the decrepitation which they exhibit when heated. 

TTROILBUCXN'B. See Peoteids (p. 1682 ). 

T-STROSIMTE, probably C«H^(OH).C2H*(NH=).COOH, This compound 

occurs, together with aspartic acid, glutanic acid, and leucine, in pumpkin-sprouts 
(Schulze a. Barbieri, Ber. xi. 710) ; also in yeast (Schiitzenberger, Comjot. rend, Ixxviii. 
943). It is formed, together with leucine and volatile fatty acids, by the action of 
melting potash on albumin, but is decomposed if the action be prolonged, with forma- 
tion of phenol (Nencki, Qhem. [2], xvii. 97). It is also produced in the decom- 
position of albumin and gelatinous substances by pancreatic ferments in closed vessels 
(Jeanneret, ibid, xv. 353). On its formation from proteids by heating with baryta- 
water, see p. 1682. By fusion with sodium hydroxide it is converted into parai 
hydroxybenzoic acid (Ost, J. pr. Chem. [2], xii. 169). By oxidation with 
potassium permanganate in ammoniacal solution, it is converted into ammonium 
carbamate (Drechsel, ibid. xii. 417). 

Copper-tyrosine, (0®H^®N0^)-Ca, obtained by adding cupric hydrate to a saturated 
solution of tyrosine, crystallises in shining needles soluble in 1230 pts. cold and 
240 pts. boiling water (F. Hofmeister, Liebigs Annalen, clxxxix. 6). 


u. 


trXiMXC SUBSTAlffCES. On the relation of these bodies to the Azo-compounds, 
see Biazostbenzoic Acm (p. 278). 

On the formation of Ulmic substances from Sugar by the action of Acids, see 
Sestini {Gazz. chim. ital. 1880, 121 ; Chem. Boo. J. xxxviii. 538). 

On the formation of a black liquid resembling the ulmic compounds by the 
electrolysis of a 5 per cent, solution of ammonia with a cathode of platinum and an 
anode of gas-carbon, see Millot {Compt. rend. xc. 611 ; Chem. Boo, J. xxxviii. 482). 

xrXiMITS. The flowers of the common elm ( JJ. campestris) have been analysed 
by A. H. Church {Journal of Botany, March 1876; Arch, Pharm. [3], x. 60). The 
female flowers gathered in May gave, after drying, 8T5 per cent, ash and 3*31 nitrogen. 
100 pts, of the ash contained : 


CaO K“0 

paQs 

SO* 

SiO* 

13-90 29*27 

11-95 

16-39 

5-67 

100 pts. of the dry flowers yielded : 

c, H, 0 N e:=o 

88-54 3-31 2-39 


SO* 

SiO* CaO, &c. 

0-97 

1*34 

0-40 3-05 


UETBAMARXETE. Manufacture and Constitution. — From an examination of 
the influence of the relative proportions of silica and alumina on the formation of 
ultramarine, G. Bottinger {Liebig’s Annalen, clxxxii. 305) infers that these proportions 
may vary within somewhat wide limits without making any essential difference in the 
quality of the product, provided that a certain proportion between the silica and 
sulphur be not exceeded. 

A series of experiments on the influence of var}dng proportions of soda to sulphur 
led to the conclusion that ultramarine may be regarded as the last term of a series of 
molecular compounds of an aluminium silicate with a sodium silicate in which the 
oxygen is more or less replaced by sulphur. The same view is taken by Fiirstenau 
{fiingl. pol. J. ccxix. 269), who also finds that only two aluminium silicates are adapted 
for the preparation of ultramarine, viz. 4Al-0^,9SiO" and Al-0^3SiO“. These, when 
treated with di- or pentasulphide of sodium, give pigments having the following 
properties : [a) 4Al‘0^,9Si0- with Na^S'*^ ; pure clear blue, but with little colouring 
power ; (6) 4Al“0’*,9Si0^ with Na-S® : pure dark blue, with great colouring power ; 
both these products are free from alum. (<?) APO®,3SiO" with Na-S- forms a light 
reddish somewhat dingy-coloured product ; and {d) with ISfa-S-'’, a product having a 
dark violet-blue colour and great tinctorial power ; both these ultramarines c'Sntain 
alum. 


6 B 2 
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In selecting a kaolin for the preparation of ultramarine, care must be taken that 
it does not contain any untempered clay or finely divided stony matter, as such clays 
always yield muddy colours. The proportion of silica may be adjusted by addition of 
very finely ground and levigated quartz and ignited siliceous earth {Kiesdguhr). The 
following proportions have been found to give good results; (1) for blue wares: 
4:A120^9Si0^ + SNa-CO’ + 80 + 14S, and (2) for reddish aluminiferous strongly colour- 
ing sorts: Al-0^3Si0- + 4Na2C0® + 8C+ 16S. If in the first of these mixtures the 
sodium carbonate be replaced by sulphate and charcoal (so that the oxygen is given 
off as carbon oxide), light colours with little tinctorial power will be produced. 

Whether the calcination is performed in reverberatory furnaces or in pots, a single 
burning is not sufficient to produce a perfectly blue ultramarine. For this reason, 
three-staged furnaces have come into use, the lowest stage being used for the ignition, 
the other two for the blue-burning and drying. A charge of 30 to 35 cwt. requires 
eighty-six hours’ heating before raking out, and ten days for cooling. A reverberatory 
furnace yields about 16 cwt. of blue ultramarine in fourteen days. To obtain a purer 
product in shorter time, Furstenau proposes to conduct the process in a pot-furnace 
capable of holding from 64 to 80 kg. of the mixture. This furnace may be raked out 
after eight hours at the latest, requires two days for cooling, and yields 25 cwt. green 
ultramarine convertible into 18'57 cwt. blue, the rate of production being 47 cwt. 
blue in fourteen days. The green product is converted into the blue by roasting with 
sulphur in the usual way. 

The relation between blue and green ultramarine has been investigated by J. 
Philipp {Ber. ix. 1109). When green ultramarine is heated with water at 100° in 
sealed tubes, it assumes a fine bright blue colour ; its weight, however, remains nearly 
the same — the water taking up only a small quantity of sodium compounds — and its 
composition is unaltered. Moreover, the sulphur exists in the same state in blue ultra- 
marine prepared in the wet way as in the green ultramarine from which it has been 
produced. The formation of blue ultramarine is therefore in no way dependent upon 
the oxidation of sulphur, but the difference between the two ultramarines is due to 
the presence in the green substance of a small quantity of sodium sulphide, either 
mechanically mixed or chemically combined, on the removal of which the blue colour 
appears. G-reen ultramarine may indeed be actually formed by fusing blue ultra- 
marine, with sodium sulphate and charcoal. 

Comparative analyses of Blue, Green, and Violet Ultramarine have been published 
by E. Uollfus and F. Goppelsroder {Bull, de Mulhouse^ 1876, Mai; Bingl. pol. J. 
ccxx. 337, 431). 



Green 

Blue 

Violet 

Silicon 

17*963 p. c. 

19*160 p. c. 

20*440 p. c. 

Aluminium .... 

17*702 

13*926 

12*735 

Sodium as Na^O 

10*487 

10*088 

11*110 

Potassium .... 

0*420 

_1 



Sulphur as SO® 

0*292 

0*500 

0*877 

Sulphur as SO® 

0*213 

0*441 

0*834 

Sulphur as S'-’O® 

— 

0*469 

2*536 

Sulphur as Na®S 

3*718 

3*057 

1*165 

Free sulphur . . . . | 

3*491 

8*977 

6*964 

Sodium as Ua® . 

5*345 i 

4*395 

1*676 

Oxygen ! 

40*363 

1 

38*984 

41*748 


99*994 

99*996 ' 

100*085 


The behaviour of these three ultramarines to various reagents is given in the 
following table (p. 2070) in which the numbers placed after each colour denote the more 
or less rapid progress of the action. 0 denotes no reaction ; 1, slow ; 2, moderately 
quick ; 3, quick ; 4, very quick. 

A molet ultramarine from the Vienna exhibition has been examined by Lussy 
{Ber. viii. 979). It appeared homogeneous under the microscope, was acted upon by 
acids and by alum solution, but resisted the action of ammonia and sodium carbonate. 
Caustic soda extracted sulphur and silica from it, and changed its colour to blue. 
Previous to quantitative analysis it was exhausted with water, which dissolved out 
12*85 per cent, sodium sulphate without altering the colour. Thus purified, it gave : 

SiO= SO® A1®0® Na=0 CaO S (0 S (=) 

47*23 1*88 20*93 19'28 1*97 0*82 9*25 = 100*36 

C) Expelled s II“S. O Determined as BaSO* in the residue. 
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100 pts. of this violet -ultramarine lost by boiling vdth soda-ley 12*44: per cent, 
silica and 0*62 sulphur, and the residual mass exhibited exactly the composition and 
reactions of blue ultramarine. 

According to K. Hoffmann {CTiem. Industrie^ 1878, 304), blue and green (so-called 
white) ultramarine are converted, by the action of acids at high temperatures, or of 
salts which give up their acid at high temperatures, into purple-red or violet colour- 
ing matters, which when further heated with acids, with or without access of air, are 
converted into a red. 

G. Scheffer {Ber. -vi. 1450) observes that in the preparation of ultramarine a yellow 
body is sometimes produced, which, as the operation proceeds, is converted into red, 
violet, and then suddenly into blue ultramarine. The final product having been freed 
by water from sodium sulphate was found to contain 28*83 pts. yellow to 24*50 red, 
and 17'95-19*32 ultramarine. The -undissolved masses contained : 


SiO® . 




Yellow 
. 49*55 

Bed 

46*35 

Blue 

49*38-50*64 

Ha . 




, 8*97 

9*33 

11*90-12*00 

Al^O^. 




. 22*13 

23*20 

20*95-26*95 

Sa 




. 13-22 

13*96 

14*02-13*46 

Sb . 




. 12*27 

12*15 

12*00-11 


Sa is the total quantity of sulphur ; the amount remaining after decomposition of 
the substance by hydrochloric acid. Eree sulphur, removable by extraction with 
carbon sulphide or by roasting, is found only in the blue. E. Biiehner {Bet. vii. 989) 
regards these yellow and red bodies as products of the decomposition of blue ultra- 
marine at high temperatures. 

According to Unger {B&r. v. 989), ultramarine contains nitrogen, and has the 
composition Al^iS^O^N-, the sodium used in its manufacture being eliminated in the 
course of the reaction as sulphide and sulphate. The nitrogen is supposed to be 
derived partly from the air, partly from the sal-ammoniac with which the green 
ultramarine is sometimes heated to convert it into the blue. On the other hand, 
W. Morgan (Ber. vi. 24 ; Qhem. News, xxvii. 39) and E. Buchner {Ber. vii. 989) were 
unable to separate nitrogen from ultramarine in weighable quantities, either by heat- 
ing with acid sodium sulphate in a stream of carbon dioxide, or by fusion with ignited 
phosphorus- salt, or by ignition with soda-lime. 

Buchner finds, by experiments in which sodium aluminate was ignited with 
sulphur and charcoal, with or without silica, that silica is essential to the production 
of ultramarine. The greater the proportion of silica in the mixture, the smaller is 
the quantity of sodium sulphate that can be extracted from the product. Buchner is 
therefore of opinion that the sulphur in ultramarine stands to the silica in closer 
relation than to the alumina or the soda. ]\Extures of clay and sodium carbonate, 
heated in a stream of hydrogen sulphide or vapour of carbon sulphide, became green 
and afterwards blue when heated in a current of air. Finely pulverised natrolite, 
ignited in vapour of carbon sulphide, became black, but on subsequent heating in 
sulphurous oxide gas it became blue. 

On the theory of the formation of Ultramarine, see B. Hoffmann {Liebig^ s Annalen, 
cxciv. 1-22 ; Chem. Soc. J. xxxvi. 108-113). 

Crystalline Structure of TJltramarine. — R. HofSnann first observed that ultra- 
marine possesses a crystalline structure {Notizen fur die Jury d&r Weltausstellung in 
Wien, 1873). This was attributed by Biiehner to the presence of crystalline quartz- 
sand. Griinzweig a. Hoffmann, however. (Ber. ix. 864), have confirmed the existence 
of a crystalline structure in the ultramarine itself, and H. Vogelsang found a prepara- 
tion received from those chemists to consist for the most part of single-refracting 
crystals belonging to the regular system. Hofftnann (Ber. ix. 868) further observes 
that these crystals, which have a green colour, are converted by calcination with 
sulphur into blue ultramarine without alteration of form. 

8 ilver- 2 iltr amarine. — K. Heumann (Ber. x. 991 ; Liebig's Annalen, cci. 262-291), 
by acting on ultramarine with solution of silver nitrate, has obtained a yellow 
amorphous body consisting of a silver-ultramarine, in which one-third of the silver is 
present as sulphide, and two-thirds as aluminium-silver silicate. According ■ to J. 
Philipp (ibid. 1227), silver nitrate acts both on the ultramarine itself and on the 
silicates with which it is mixed, producing a mixture of silver ultramarine with 
several argentiferous silicates. A dilute solution of zinc sulphate acts only on 
the admixed' silicates, but a concentrated solution having a higher boiling temperature 
acts both on these and on a small portion of the ultramarine itself. 

Heumann has obtained potassium, sodium, and lithium ultramarines b^^ fusing 
silver ultramarine with the iodides of the corresponding metals. The lithium- 
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compound has a fine bhie colour, changing to green and afterwards to pint, when the 
compound is heated with sulphur in a current of air. By heating the blue lithium 
ultramarine in a current of hydrochloric acid and air, a red compound is formed, 
which becomes blue on exposure to sulphur vapour or hydrogen. 

By long-continued digestion with an ammoniacal solution of silver chloride, blue 
sodium ultramarine is converted into a yellow compound, in which two-thirds of the 
sodium in the ultramarine have been replaced by silver. On exposure to hydrochloric 
acid gas, this product turns blue. 

By the action of silver nitrate on green ultramarine at 120°, a yellow compound is 
obtained, which bears a strong resemblance to the silver ultramarine above described, 
but difiers from it in yielding a green product on fusion with potassium iodide. 

Ultramarines containing alcohol-radicles are formed by heating silver-ultramarine 
with alkyl iodides. The ethyl-compound is obtained — though not pure — by heating 
silver-ultramarine with excess of ethyl iodide in a sealed tube at 180° for fifty to 
sixty hours. It is a light grey or greyish-yellow powder, which when heated gives 
off ethyl sulphide, together with other products of decomposition, including sulphur 
dioxide. "When, on the other hand, the ethyl-ultramarine is intimately mixed with 
sodium chloride and vei^’ cautiously heated, scarcely any ethyl sulphide is given ’ off, 
but the mixture, previously grey, turns blue, reproducing ordinary ultramarine. 
Under these circumstances, ethyl chloride is also given off, the reaction being exactly 
analogous to the formation of silver chloride when silver-ultramarine is heated with 
sodium chloride. Similar ultramarines are formed by the action of amyl, allyl, and 
benzyl iodides ; but the two former have not been obtained fi?ee from silver (Be 
Forcrand, Bull. 8oc. CMm. [2], xxxi. 161). 

UHzmOH 

VIMCBSXiX.ZF£BOXar£, or Hydroxycoumann, = C°H»(OH)<; | . 

'0 — -CO 

This compound is found amongst the products of the dry distillation of the resin of 
larch-fungus (p. 1165). Its acetyWerivative, C®H®(G-H®0)0^, or an isomeride 
thereof, is formed by heating resorcyl aldehyde with sodium acetate and acetic 
anhydride (p. 1752). 

TTiarD£CA3Nr£, This paraffin is formed, together with several of its 

homologues, lower and higher, by the action of strong sulphuric acid on the products 
of distillation of the fatty acids (Cahours a. I)emar 9 ay). See Hti>rocaebons (p. 1064) ; 
also by fractional distillation of the product obtained by the action of fuming sulphuric 
acid on that portion of the spongy mass remaining after the preparation of cenanthal 
from castor-oil, which boils below 200°. Undecane obtained by this latter process 
boils between 180° and 185° (D. Amato, Grasc. ohim, Hal. 1872, 6). 

UM*D£C0IC AOXH, C^iH2202 = C»«H2bC02H. Undecylic acid.~Thh acid, the 
eleventh member of the fatty series, is produced by heating undecylenic acid at 200°- 
220° with hydriodic acid and amorphous phosphorus, and may be purified by treating 
the crude product with sulphurous acid, then with sodium in alkaline solution ; dis- 
tilling the separated acid under reduced pressure ; dissolving the portion which distils 
at 227°-230° (about 70 per cent.), in alcoholic ammonia; adding an alcoholic solution 
of lead acetate (which precipitates from 70-80 per cent, of the entire quantity), then 
adding water, and decomposing the precipitate with nitric acid. 

Undecoic acid thus prepared is a colourless scaly mass, transparent immediately 
after solidification, but quickly exfoliating. It melts at 28-5°, and boils under 160 
mm. pressure at 228°. It is insoluble in water, but dissolves very easily in alcohol and 
in ether. It does not exhibit the indifferent properties of palmitic acid, but on the con- 
trary is somewhat strongly corrosive, and has at ordinary temperatures a not un- 
pleasant odour, recalling that of caproic acid. Bromine' acts very slowly on it, and 
only with the aid of heat. 

xnsrB£COXiXC acid, (F. Krafft, Ber. xi. 1414). The potassiuiq salt 

of this acid is obtained by heating dibromundecylenic acid {infra) with 2 mol. alcoholic 
potash in sealed tubes at 180° for three hours ; and on decomposing this salt with a 
mineral acid, undeeolic acid separates as a white crystalline precipitate. It melts at 
69‘5°, may be distilled without change under reduced pressure, dissolves readily in 
ether, alcohol, and carbon sulphide, very sparingly in water, from which, as well as 
from dilute alcohol, it crystallises on cooling in thin shining plates. It forms well- 
defined salts, mostly erystallisable and sparingly soluble. The harmm salt, 
(O^^H^'O^)'-^Ba, forms warty crusts, soluble in 212 pts, water at 15*5°. By fusion with 
potash, undeoolic acid is converted into a liquid fatty acid (probably cenanthylic acid) 
boiling at 220°-222°; fuming nitric add into azeiaic acid, wSaich may 

in this way be most conveniently prepared. 
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trsCBBCYIiSSIfflC ^C£3>, This acid, which ^ belongs to the acrylic 

..aeries, was discovered by Krafft, who obtained it, together with cenanthaldehyde, by 
distilling castor-oil under reduced pressure (p. 1759). It is solid at ordinary tempera- 
tures, melts at 24-5° and boils at 295° with slight decomposition under ordinary 
pressure, at 200° without decomposition under reduced pressure. Its barium salt 
crystallises in shining flat needles or plates, sparingly soluble in water, dissohnng in 
1073 pts. at 1 5°. "When dissolved in carbon sulphide, it readily takes up bromine^ 
forming an addition-product, which remains, after evaporation of the 

solvent, as an unstable crystalline mass, melting at 38°. By fusion with 'potash, 
undecylouic acid is converted into acetic acid and nonoic acid, by 

careful heating with nitric acid into sebacic acid (F. Becker, Ber. xi. 1412). 

trwo JSrA. The ethereal oil of Tlnona odoratissima, known as a perfume by the 
name of Ylang-Ylang, has been examined by H. Gal {Tharm. J. Trans. [3], iv. 28), 
It has a density of 0*98 at 0T5°; boils between 160° and 300°; is optically Isevo- 
gyrate ; dissolves completely in ether, partially only in alcohol. From its chemical 
reactions it appears to be a mixture of benzoic ethers with several alcohols. 

tTRAXiXTB. E. Svedmark («7«^r5./. Mm. 1877, 99) has examined the uralite 
from the uralite-porphyries of Vaksala near Upsala, from the Ural, from Predazzo, 
and from Wales, and finds that it is a hornblende produced by metamorphosis of 
augite. , 


tTRAXiIlTM. A metal of the platinum group obtained, according to A. Guyard 
{Monit. scientif. 1879, [3], ix. 795), from commercial platinum. In its physical 
properties it differs but little from pure platinum. It is the whitest of all 
metals except silver, as extensible as platinum, and much more flexible ; melts 
only at very high temperatures, but probably somewhat lower than pure platinum. 
Sp. gr. =20-25 at 15°. Atomic weight 187-25 - 187'50. It resembles platinum also 
in its chemical reactions. The double chloride of lithium and uralium is somewhat 
less soluble in absolute alcohol than that of potassium and platinum. Uralium is 
distinguished from platinum chiefy by its behaviour towards potassium cyanide. 
Wlien platinous chloride [from commercial platinum] and potassium cyanide are fuso(i 
together, reduced platinum is obtained, together with a reddish-yellow melt, the 
colour of which is due to uralium cyanide. If the platinum thus reduced be recon- 
verted into chloride and fused with potassium cyanide, the meit becomes continually 
lighter in colour the oftener the process is repeated ; whereas, if the metals ,be again 
separated from the coloured melt, then reconverted into chlorides and fused with 
potassium cyanide, the melt becomes continually darker in colour, in consequence of 
the uralium accumulating therein. By repeating this process several times, Guyard 
obtained from 2 kg. platinum about 2 g. nearly pure uralium. 

xrRAiaiSOBBSrzoic acid, = The meta- 

modification of this acid distilled with a fourth of its weight of phosphoric anhydride, 
yields a considerable quantity of metacyananiline (m. p. 54°). Pam-uramidobenzoie 
acid treated in like manner yields small quantities of paracyananiline meltino- at 86° 
(Griess, Ber. viii. 224). 

Ortho-uramidobenzolc or XTramidosaUcylic Acid, [CO OH ; NH.CO.NH^ 
= 1:2] (Griess, Ber, xi. 1729). This acid, like the ^am-modification (uramido- 
dracy lie acid, vh. 166), yields, when treated with nitric acid, only one d ini tro- 
ll ramidobenzoic acid, which closely resembles its isomeride obtained from meta- 
_uramidobenzoic_ acid (vii. 167). By boiling with water this dinitro-aeid is converted 
into e-nitramidobenzoic acid, identical with that already described (p. 1462) as 
obtained by the action of alcoholic ammonia on diethylic a-nitrosalicylate. The 
6-hydroxy nitrobenzoie acid obtained by boiling this nitroamido-acid with 
potash-ley is likewise identical with ordinary or a-nitrosalicylic acid melting at 228° 
By reduction with tin and hydrochloric acid, the e-acid is converted into a-di ami do- 
benzoic acid, [OOm : NH- : NH2 = 1 ; 2 : 5] (p. 273), analogous to y)-phenylene- 
(hamine, and derived from n-amidobenzoie acid. Hence the compounds above men- 
tioned may be represented by the following foriuiilse : 

1 2 5 

a-Nitrosalicylic or e-Hydroxynitrobenzoic acid . . CO^H : OH ; HO® 

<t-Hitramidobenzoie acid (Kruse) = e-Hitroamidobenzoic 

acid (Griess) CO®H : HH® : HO® 
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The whole of the nitroamido-acids obtained by G-riess from the iiramidobenzoie 
acids may be represented by the following formulae: 

co=H com com com com < 



VIRaMXBOCAPROZC ACIB, This 

acid appears to be identical in composition with a compound, crystallising in needles, 
which is obtained by fusing leucine with urea (P. Hofmeister, Mer. vi. 1278). 

xm^mix^oiSETaxoNXC aczb, NH2.C0.NB:.C‘^H^S0sb:. 

Syn. with Taxtrocaebamic acid (p. 1892). 

VBAMZBOZSOBXTTYX2XC or ACET03ffYX.XJRAltt:ZC ACXB, 

NmC0.NH.C(CHs)3.000H. See Acetonyl-ueba (vii. 18). 

TTBAIfZB'M. Atomio Weight. — Donaih (Wien. Acad. Ber. [2 Abth.], Ixxix. 
April-heft) has determined the specific heat of uranoso-uranic oxide by means of 
Bunsen’s ice-calorimeter (vii. 695), and finds it to be equal to 0’07979. Hence, as- 
suming the specific heat of oxygen in solid compounds to be 0*25, that of metallic 
uranium must be 0'0421, a value which, when multiplied by the old atomic weight of 
uranium, 120, gives for the atomic heat the value 5'04, agreeing with the average 
atomic heat of the metals (6) much more nearly than the number 10'08 obtained with 
Mendelejeifs value (240) of the atomic weight of uranium. As, however, the matter 
cannot be regarded as quite decided, and there are many considerations which favour 
the adoption of the higher atomic weight, the uranium compounds about to be 
described will be represented by formulje in accordance with it (compare vii. 1189). 

The presence of Uranium in the sun has been demonstrated by Lockyer (Froc. 
Bog, Boc. xxvii. 279). 

On the Eluorescence, Phosphorescence, and Absorption-spectra of Uranium-com- 
pounds, see Light (p. 1195). 

A process for the preparation of pure uranium-compounds, with especial attention 
to the separation of Vanadium, is described by C. Bolton (Amer. Chem. v. 363). 

A method of separating uranium from the residues obtained in the titration of 
phosphoric acid (p. 1584) depending on the solubility of uranic phosphate in ammo- 
nium carbonate, and the complete precipitation of the phosphoric acid from the result- 
ing solution by magnesia-mixture, is described by A. Gawalovski (Zeitschr. anal. 
Chem. 1876, 292 ; C^em. 8oc. J. 31, 345). Another method is given by H. Strohmer 
(Dingl. pol. J. ccxxv. 56; Chem. Soc. J. xxxiv. 116). 

Separation of Uranium from Iron and Chromium. — A. Ditte {Compt. rend. Ixxxv. 
281) effects this separation for quantitative analysis by precipitating the oxides with 
ammonia ; igniting the dried precipitate in a stream of hydrogen ; weighing tlie 
residue and igniting it in a stream of hydrogen chloride to distil off the iron as ferrous 
chloride; extracting the uranous oxide (UO*) from the weighed residue by nitric 
acid ; and finally igniting the undissolved portion, and weighing it as chromic oxide. 

The method of igniting the precipitated oxides in hydrogen, and distilling off the 
iron as chloride in a stream of hydrogen chloride, may of course be employed also for 
the separation of uranium from iron alone. 

On the separation of Uranium from Chromium, see also CHEOMiinki (p. 457). 

A Ohemico-teehnological report on Uranium-compounds is given by A. Patera in 
Hofmann’s Entwiclcelung der ohemischen Industrie^ p. 986. 

Oxides and Salts of Uranium. — 1. Bioxide or ITranous oxide, UO*. 
A hydrate of this oxide is obtained by the action of hydrogen dioxide on uranium 
nitrate, as a yellowish-white precipitate, which, when dried at 100°, has the compo- 
sition U02,H^O (T. Fairley, Chem. Soc. J. xxxii. 319). When uranous oxide is added 
to a solution of silver nitrate, a precipitate of metallic silver is formed, the reaction, 
according to Isambert (Compt. rend. Ixxx. 1087), taking place by two stages, an 
argentous and a uranous salt being formed in the first instance, and the argentous 
oxide being afterwards reduced, with formation of a uranyl salt, the green colour of 
the liquid changing at the same time to yellow : 

U02 -h 4AgNO» = 2Ag20 -h U(HO»)‘‘; 

U(NO*)4 ^ 2Ag20 = 2AgN03 + Ag^ + (U02)(N05)2. 

The oxide Ur®0® also throws down metallic silver from a solution of the ^itrate, 
though very slowly. 
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TTranic Oxide and irranyl-compomids (R. Sendtner, Liebig’s Annalen, 
cxcv. 325). 

TJranyl Beleiiates are obtained by dissolving uranoso-nranic oxide in dilute 
selenic acid, and evaporating the solution on the vpater-bath. The strongly acid con- 
centrated liquid deposits, after some time, light yellow, tough, very deliquescent 
masses, having a wavellitic structure, and agreeing approximately in composition 
with the formula (U02)Se0MI-Se0^+ 18H-0. At the same time there is formed 
another salt, 2(UO-)SeO*,H-SO* + 12H-0, which is more p^-rmanent in the air, and 
crystallises more readily in greenish-yellow needles, which are difficult to dry, and 
easily effloresce. A saturated solution of uranic hydroxide in selenic acid dries up in 
the exsiccator to a varnish-like mass. 

TJranyl-potassiKm 8elenate, (U02)Se0\K'Se0‘*-i- 2H-0, is obtained by mixing a 
solution of uranic oxide in selenic acid containing the smallest possible quantity of 
free acid, with potassium selenate, and evaporating to the crystallising point, or better 
by adding potassium uranate to warm selenic acid as long as it continues to dissolve. 
The double salt crystallises from aqueous solution in granular crusts. Uranyl- 
mmnmium Selenate, (tJO2)S6O^(NE[0^SeO^-l- prepared in like manner, is very 
soluble in water. 

Selenites . — UTanyl-hydrogen Selenite, (TJO^)SeO^H^SeO®, noticed by Berzelius 
(v. 229), may be prepared by adding uranic hydroxide to boiling selenious acid, 
whereupon a violent reaction takes place, and the hydroxide is converted into a lemon- 
yellow crystalline powder. The same compound is more abundantly produced by 
mixing uranyl chloride with selenious acid, and heating the mixture to boiling, where- 
upon it deposits a large quantity of the acid salt in yellow microscopic crystals. 

JJranyl-yotassium Selenite, (UO-)SeO^K-SeO^ is obtained in greyish-yellow crys- 
talline crusts insoluble in water, on saturating warm selenious acid with potassium 
uranate. The ammmimn salt, (XJ0-)Se02,(NH‘)“Se0®, prepared in like manner, 
forms microscopic crystals of a deeper yellow colour and likewise insoluble in water. 

Uranyl Bromide, XJO-Br2 + 7H-0, jg obtained, as already described (v. 942), by 
dissolving uranic hydroxide in strong hydrobromic acid, as a yellowish-brown mass 
which deliquesces on exposure to the air, and unites very readily with other metallic 
bromides, forming double salts which are most easily obtained by dissolving the cor- 
responding uranates in hydrobromic acid. The potassium salt, TJO-Br2,2KBr + 7H‘0, 
crystallises in yellow-brown rhombic plates, which dissolve very readily in water but 
are decomposed thereby. The ammonium sa/zf, UO'Br^,2NH‘‘Br+ H-0, forms large 
rhombic plates, somewhat less stable than the potassium salt, but very much like it 
in other respects (Sendtner). 

Uranic hydroxide dissolves in hydriodio acid, forming a dark-brown liquid, 
solidifying in the exsiccator to a brown-black mass which gives up free iodine, and 
after the removal of this body, yields nothing but the uranium iodide described by 
Rammelsberg (v. 945). 

Tetroxide, UO^ (T. Fairley, Cliem, Soo. J. 1877, xxxi. 127). When hydi’Ogen 
dioxide is added to a solution of uranyl nitrate or ' acetate, a yellowish- white precipi- 
tate is formed, which in presence of an excess of the uranyl salt is very stable, and 
may be dried without deposition even at 100°. The precipitation is prevented by the 
presence of salts of the alkali-metals, or of barium or calcium salts, as well as by a 
moderate excess of a strong mineral acid, especially sulphuric acid. The dried pre- 
cipitate is a yellowish-w’hite powder, dissolving in strong hydrochloric acid, with 
evolution of chlorine. When heated to a temperature somewhat below redness, it 
burns away with a glimmering light, giving off oxygen and leaving green uranic 
oxide. On treating it with alkalis, part of it is precipitated as uranic oxide, while 
another portion dissolves in combination with the alkali, forming a salt of peruranic 
acid, an acid analogous in composition to perchromic acid (i. 953). The composition 
of the air-dried compound is tJr0‘*,6H-0 ; that of the compound dried at 100° is 
U0^2H'‘^0. The mode of decomposition of this compound by alkalis, however, tends to 
show that its molecular weight is three times as great as that which is denoted by 
the latter formula, and that it must be regarded as a uranic salt of peruranic acid, 
UO°,2UO^ + 6H“0. The anhydrous tetroxide appears to be formed when the hydrogen 
dioxide is added to a large excess of uranic nitrate solution. In this case no precipi- 
tate is formed at first, and it is only after some weeks that heavy white crystalline 
precipitate is deposited, having the empirical composition UOb Higher oxides have 
not been obtained in the free state, but free peruranic acid, UO®,a?H^O, appears to 
exist in the precipitates which are formed by the slow decomposition of its salts. 

Ammonium Peruratiate, UO®,UO^,(NH‘*)20 + 8H-0 or 2UO‘*,(NH‘‘)W-t- SH^O, is 
throwirdown on addition of alcohol to a solution of uranic nitrate mixed with hydro- 
gen dioxide and excess of ammonia, as an orange-yellow precipitate easily soluble in 
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water and less alterable in contact with the air than the corresponding sodium or 
potassium salt. When alkaline hydroxides are added to a solution of this ammonium 
salt, uranic hydroxide is precipitated and peruranates are dissolved. Its solution 
gives precipitates with most metallic salts. The salt when heated smoulders away 
like tinder, and leaves a residue consisting of lower oxides of uranium. 

8odium Pemranate, XJ0®,2Na-0 + 8H®0 or XJ0^,Na'‘0’*+ SH^O, is readily obtained 
by dissolving ordinary uranic hydroxide or the hydrate of the above-mentioned 
tetroxide in soda-ley, with addition of hydrogen dioxide. If the solutions are suffi- 
ciently concentrated, the sodium salt separates after a few seconds in yellow needles 
often united in stellate groups ; if they are dilute, the separation may be effected by 
addition of a little alcohol. The crystals have a golden lustre when freshly prepared, 
but effloresce on exposure to the air, taking up carbon dioxide, and giving off oxygen. 
The salt forms precipitates with most metallic salts. When heated alone it gives off 
three-fourths of its water and 3 at. oxygen ; when heated in a stream of carbon 
dioxide it gives off all its water. Ped sodium jperuranate, U0®,XJ0®,Ka20-h 6H^O or 
2U0^Na20^+ 6H‘^0,.is formed when the minimum quantity of caustic soda is used, 
and separates on addition of alcohol, before the former salt, in the form of a deep-red 
oil, which slowly becomes crystalline. 

Potassium Pemranate, TJ0®,2E1“0 -i- lOH^O or XJ0‘‘,K-‘0^ 4- lOH^O, prepared like the 
corresponding sodium salt, is a yellow-red or orange-red precipitate ; it is even more 
unstable than the sodium salt, and rapidly absorbs carbonic acid from the air 
(Fairley). 

ITBAIO'OSPBJEBXTX:, Ei^O^jXJO^ + and VRAirOSPXirXTZ: 

Ca0,2U0^As2O® + 8H‘0. See Ueanic Aesena^tes (vii. 1190). 

XTBBAS. See Caebamides (pp. 388-401). 

ITrecHXTXS, The leaves of XJrechUis siiherecta^ a poisonous plant growing in 
Jamaica, sometimes in clumps, but more frequently as a creeper, yield three active 
principles, which have been examined by J. JBowrey {Chem. Soo. J. xxxiii. 252), and 
are named by him TJrecMtioi, CTystallised TJrechitoxin, and Amorjphous JjTeQhitoxin ; 
neither of them contains nitrogen. 

Urechitin, obtained from the air-dried leaves by extraction with 

alcohol, crystallises in colourless hydrated needles, nearly insoluble in water and 
dilute alcohol, more readily soluble in ether, hot alcohol, amyl alcohol, chloroform, 
and glacial acetic acid. By strong acids it is decomposed like a glucoside. Strong 
sulphuric acid dissolves it, forming a yellow liquid, which gradually turns red and 
hnally purple, the change of colour being accelerated by the addition of a trace of any 
oxidising substance. Urechitin is intensely bitter (even to the 40,000th degree of 
dilution) and very poisonous. 

Crystalline urecbitoxin, extracted from the leaves after drying at 

100°, is more readily soluble than urechitin. It is bitter, poisonous, easily alterable, 
and is resolved by acids into ureehitoxetin, and a substance which reduces cupric 
oxide. Amorphous urecbitoxin resembles the crystallised modification, but has 
not yet been obtained pure. 

The leaves of Urechitis are intensely bitter and very acid, and produce on the lips 
and tongue a sensation of being swolle^ and blistered ; their powder applied to the 
nostrils produces violent sneezing. -These active properties are possessed by all the 
green parts of the plant, and by the flowers, but exist very slightly, if at all, in the 
woody portions. The poisonous action is due to the presence of urechitin, the decom- 
position of which gives rise to urecbitoxin. 

tnaETHAWES. See Carbamates, Alcoholic (p. 384). 

XTXtXC ACXB, Formation from Ammonia in the Animal Organism. 

From experiments by W. Schroder {Zeitschr. -physiol. Chem. ii. 228) it appears that 
ammonia, when introduced by the mouth into the bodies of poultry, in combination 
with carbonic acid, or with any organic acid that is easily oxidised in the circulation 
to carbonic acid and water, is for the most part converted into uric acid. 

Oxidation. — 1. When iodine is added to uric acid suspended in water, the uric 
acid disappears gradually, or more quickly on application of heat, and alloxan is 
found amongst the products, together with hydriodic acid and apparently also urea 
(F. Wurtz, Oompt.-rend. Ixxvii. 1548). * 2. When bromine is dropped into water in 
which uric acid is suspended, the latter is oxidised to isoalloxanicacid, 

(Magnier de la Source, p. 1127). 3. Uric acid, exposed in alkaline solution to the 

action of atmospheric oxygen, is converted into oxonic acid, (Strecker, 

p. 1458). 4. Uric acid, treated in alkaline solution with the exact quantity of 

potassium permanganate required for its oxidation, yields allantoin m nearly 
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theoretical - quantity. When the action takes place in the cold, 1 mol. permanganate 
oxidises 3 mol. uric acid, or 1 mol. uric acid takes up 3 at. oxygen. To ensure the 
quantitative fulfilment of the reaction, all rise of temperature rnust be avoided, and as 
soon as the colour of the permanganate has disappeared, the liquid must be filtered 
from the deposited manganese dioxide and supersaturated with acetic acid. The 
colourless liquid free from manganese, if left to itself in the cold for twenty-four 
hours, deposits the allantoin produced by the reaction (A. Claus, JBer. vii. 226). 
5. By the action of ammonium cuprate in presence of potash, uric acid is resolved into 
urea and oxalic acid (0. Loew, J, pr, Ckem. [2], xviii. 298). 

The relation between uric acid and certain of its oxidation-products, which by their 
decomposition yield glyoxalyl-urea, may be represented according to L. Medicus 
{JBer. X. biiJ) by the following formulae 

NH—O—CO— NH 

co<; It I 

\nH— C— NH— CO 
Uric acid. 


.NH— CO NH2 

C)H— NH— io 

AllantOjCn 


,NH— C(OH)— COOH NH' 

00< I I 

\nH— C(OH)— NH CO 

Uroxanic acid. 


C(OH)— CO 

co<; I I 

C(OH)— NH 

Oxonic acid. 


Estimation . — To estimate uric add in urine, E. Salkowsky {Zeitschr. anal. 
Chem. 1877, 371) mixes 200 c.c. of the mine with an alkaline carbonate to strong 
alkaline reaction ; adds after an hour 20 c.c. of strong sal ammoniac solution ; and 
leaves the liquid to itself for forty-eight hours in a cool place. The precipitate having 
been washed two or three times on a weighed filter, this filter is filled with dilute 
hydifochloric acid ; the liquid which runs through is collected, this treatment being 
repeated till the ammonium urate is completely converted into uric acid ; and the 
filtrate is left to itself for six hours The uric acid thus separated is added to the 
portion first precipitated, and the whole is twice washed with water, then with alcohol 
till the filtrate appears neutral, and dried at 110°. To the weight thus obtained it is 
necessary to add 0-030 (the weight of uric acid dissolved in 200 c.c. water). Thin 
urines must be evaporated down till they exhibit a specific gravity of T017~1’020. 

On the Estimation of Uric acid in Urine, see also E, Maly {Liebig's Annalen^ clxv. 
315; Jahresh.f. Chem. 1873, 980; and Magnier de la Source, Bull. Boo. Chim. [2], 
xxi. 290 ; Jahresh. 1874, 1052). 

Metbylurlc Acid, C®H^(CH®)N‘‘0®, is obtained by heating dry lead urate to 
150°-160° with methyl iodide diluted with ether, and treating the product with 
hydrogen sulphide to remove lead. The hot filtrate, on cooling, deposits crystals of 
methyluric acid, which are purified by dissolving them in hot soda-ley, precipitating 
with hydrochloric acid, and recrystallising from boiling water. It forms thin prisms, 
fusible with decomposition at a high temperature, soluble in 250 pts. of boiling water, 
nearly insoluble in alcohol and ether. The aqueous solution reddens litmus. The 
ether dissolves in cold strong sulphuric acid, and is deposited in crystals when the 
solution is diluted. It dissolves easily in alkalis : alcohol thx'ows down from the solu- 
tions dense precipitates of the alkali-salts, aqueous solutions of which precipitate 
many salts of the metals. 

Alcohol added to a solution of the acid in potash throws down the salt 
K20®H(GH®)N^O^+ 3H-0, and the corresponding sodium salt is obtained in like manner. 
A solution of the acid in hot baryta-water deposits on cooling tufts of delicate needles 
of the barium salt, BaC®H(OH.^)N‘‘0® + 3|H‘'^0, and a similar salt is formed with 
calcium hydrate. The following salts are formed by boiling the acid with the 
respective carbonates and precipitating the resulting solutions with alcohol 

; Ca[0-'^E['-^(CH3)U‘»03]^3H20 ; Ba[C^H2(CH3)U^03]2,4H‘‘20. 

A solution of the mono-barium salt mixed with sodium sulphate gives, on addition of 
alcohol, a precipitate of the salt, NaC®H^(CH*)N'‘‘0^,B['^0. Moderately strong solu- 
tions of the alkali salts gelatinise on cooling. 

Methyluric acid in alkaline solution, when oxidised with a dilute solution of 
potassium permanganate, yields methylallantoin, 0*H“(0B[®)N‘‘0“, which substance 
crystallises in monoclinic prisms resembling ailanto'in, and melts with decomposition 
at 225°. A silver compound, AgC^H^(CH®)N'‘0=*, is formed on adding silver nitrate 
and excess of ammonia to a hot solution of methylallantoin : it crystallises in short 
prisms soluble in hot water. Methylallantoin, heated with strong hydriodic acid, 
yields urea and methylhydantoin — 
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Methyluric acid is oxidised by potassiiim chlorate and hydrochloric acid in the 
manner indicated by the following equation, the products being urea and methyl- 
alloxan: — 

+ H202 = QOWR* + C4H(CH3)N20^ 


Methylalloxan, boiled with strong nitric acid, yields methyl-parabanic acid, 
C3H(CH5)N203 (H. Hill, £er. ix. 370, 1090 ; Sill. Am. J. [3], xii. 428). 

aoimethyluric Acid, (Mabery a. Hill. 3er. xi. 1329). This 

acid is best prepared by heating lead urate with a slight excess of methyl iodide 
diluted with an equal quantity of ether. The decomposition proceeds rapidly at 
165°, and is completed in fifteen to twenty hours. The product of the reaction is 
boiled with water, the dissoHed lead remowed by sulphuretted hydrogen, and the 
crystals which separate out on cooling are recrystallised from hot water. 

Dmethyhcric acid forms small monoclinic prisms containing 1 mol. of water. 
From saturated solutions it sometimes separates at temperatures near 100° in thick 
prisms, pointed at both ends and anhydrous. It melts only at a high temperature, 
with partial decomposition and sublimation ; dissolves in 200 pts. of boiling and 800 
pts. of cold water, scarcely at all in alcohol, ether, and glacial acetic acid, easily in con- 
centrated sulphuric and hydrochloric acids, and crystallises out on dilution. 

Dimethyliiric acid is bibasic. The dipotassw salt, El-G^(CH^)2N^O‘* + 4H20, is 
formed on dissolving the acid in a small quantity of hot potash-ley, and separates, on 
addition of alcohol, in silky needles very soluble in water, very slightly soluble in 
alcohol. The disodic salt. ISra-C®(CH®)-H‘‘05 + 4^H20, obtained in like manner, is 
still less soluble in alcohol. The acid salts, KG®H(CH®)-N'‘0®+ 1-^H“0, and 
NaC®H(GH®)2N‘‘0^+ 2H-0, are obtained by boiling the acid with aqueous potassium 
or sodium carbonate, and precipitating with alcohol. The normal barium salt, 
BaC^(CH^)^N-^0*+ SH^O, obtained by dissolving the acid in baryta-water, separates 
on cooling in flat transparent prisms, soluble with difficulty in cold water, more 
easily in hot. The acid salt, Ba[C®H(CH’*)-H^O^p+ 3H-0, is obtained by boiling an 
aqueous solution of the acid with barium carbonate, and precipitating wdth alcohol. 

Limethyluric acid heated to 170° with strong hydrochloric acid is resolved into 
carbon dioxide, ammonia, methylamine, and glycocine, according to the equation 

= 2(oh».nh-) + gwno^ + sco^ + ot. 


The preceding facts show that the two hydrogen-atoms in uric acid which are 
replaceable by metals are directly combined with two distinct nitrogen-atoms. If 
these two hydrogen -atoms be replaced by methyl, the two remaining hydrogen-atoms 
may then be exchanged for metals. This relationship finds a simple explanationbnly 
on the assumption that uric acid contains the group NH four times ; and this 
requirement is fulfilled by two only of the various structural formulse proposed 

HH.OO.C.NHv 

for uric acid, viz., by that of Medicus, I 1 1 \CO (p. 2076), and by that of 

CO.HH.C.NH/ 


.NH.Cv- NHv 

Fittig, CO< I >00 >GO. 

HH/ 


Xsouric Acid, (perhaps = CO<^|~^®>CE—K=zC=KH-), is 


formed by mixing a concentrated boiling solution of alloxantin with a solution of 
cyanamide, and separates on boiling the mixture briskly as a heavy powder. Its solu- 
tion in dilute potash-ley gives with excess of hydrochloric acid a gelatinous precipitate 
which, unlike that of uric acid, does not become crystalline when heated with hydro- 
chloric acid. The same solution, like that of uric acid, gives with silver nitrate an 
immediate black precipitate. Isouric acid further resembles uric acid in being nearly 
insoluble in water and in exhibiting a faint acid reaction after boiling therewith 
(E. Mulder, JBer. vi. 1233). 


/GO.NH 

VBIMXBOSTrcCZNAMXBZS, = HH<; | 

» _ \CO.GH.CmOO.NH2 

(G-uareschi, G-azz. chim. ital. 1876, 370). This substance, identical with Grimaux^ 
Malyluramide {Compt. rend. Ixxxi. 325), is formed by the action of urea on aspara- 
gine. It crystallises with great facility, melts with decomposition at 230°-235° 
is insoluble in cold water, also in alcohol and in ether. 
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.OO.NH 

XTRXMIBOStrCCXN'XC ACXB, = NH<^ | , 

\C0.CH.CH2.C0.0H 

CO.GHs.GH.GO.OH 

according to Guareschi, 1 | Malylimidio acid (according to Gn- 

isrH.co.ra 

maux) is formed by heating the amide just described with acids (Guareschi), also by- 
heating aspartic acid (2 pts,) with urea (1 pt._) at 12o°~130° for eight hours (Gri- 
maux). The solution of its ammonium salt gives with ferric chloride and a little 
ammonia a brown precipitate slightly soluble in acetic acid. The silver salt remains 
unaltered at 100°-110°. The barium salt, (C5H®N‘“0‘^)-Ba + 4H-0, gives ofi its water 
at 100°~120° (Guareschi) ; according to Grimaux, the air-dried salt contains 1 mol. 
H^O. The acid treated with fuming nitric acid is converted into a crystalline body 
which is coloured yellow by alkalis, and decomposes with explosive violence when 
heated to 188° (Guareschi). 

xrRX»r£. Constituents. — 1. Thiocyanates. J. Munk {Ber. ix. 1799) observes 
that when the urine of men or dogs is distilled with hydrochloric or sulphuric acid, 
hydrogen sulphide and hydrogen cyanide may be detected in the distillate, and he 
attributes these products to the decomposition of a thiocyanate contained in the 
urine. By a quantitative estimation in the form of silver thiocyanate, he finds that 
100 c.c. urine contains on the average O'OOS g. thiocyanic acid. The existence of 
thiocyanates in the urine of men, horses, oxen, rabbits, dogs, and cats has also been 
demonstrated by Gscheidlen {Chem. Centr. 1877, 88 ; JaJiresb. f. Chem. 1877, 1001 ; 
Chem, Soc. J. xxxii. 205). 

2. Acid Sulphuric Ethers are found in the urine of various animals. The 
amount of these ethers is considerable in the urine of herbivora, and in that of the 
horse it exceeds the quantity of sulphuric acid present as sulphates. The same others 
are normal constituents of man’s and dog’s urine, in which, however, they exist in 
much smaller ‘quantities. The three principal sulphuric ethers of urine are the so- 
called ‘ phenol-forming,’ ‘ indigo-forming,’ and ‘ catechol-forming ’ substances, the 
last of which is found only in horse’s urine. 

The phenol-forming substance may be obtained in the crystalline state by simply 
evaporating horse’s urine to a syrup, treating this with alcohol, and evaporating the 
alcoholic liquid to a thin syrup, which is left for some days in the cold. A brown- 
crystalline mass is thus obtained, which, after recrystallisation from water, forms 
dazzling- white pearly plates, solutions of which exhibit a fine blue fluorescence. The 
crystals may be boiled with acetic acid without decomposition ; when heated with 
strong hydrochloric acid they break up into phenol and acid potassium sulphate. 
They yield on analysis numbers agreeing with the formula of potassium phenyl- 
sulphate. 

The urine. of patients under treatment with phenol contains no brace of that sub- 
stance in the free state, but after being warmed with hydrochloric acid, it yields 
considerable quantities of phenol. Such -urine always contains a large proportion 
of acid sulphuric ethers, amounting to ten to fifteen times the quantity present in 
normal human urine. 

Direct experiments with dogs showed that, after the introduction of phenol in 
sufficient quantity into the system, sulphates almost entirely disappeared from the 
urine, their place being taken by’ phenylsulpbates. The urine contained only a trace of 
phenol, but much phenylsulphuric acid. Analogous results were produced by the 
administration of catechol. (E. Baumann, Ber. ix. 54; Pfliiger’s Arcliiv. /. 
JPhysiologie, xii. 691 ; xiii. 285). 

Gresols (<?-, m-, and p-) are found in horse-urine as cresyl- sulphuric acids 
(Preisse, Zeitschr. Physiol. Chem. ii. 355). 

3. I nosite. Prom experiments made by E. Kiilz on six persons, it appears that 
inosite occurs in the urine of healthy individuals after drinking large quantities of 
water. The occurrence of inosite in diabetes insipidus is not constant. 

4. Allantoin has been found in the urine of a dog fed on meat and fat. H ip- 
pur ic acid also is found in small quantity in the urine of dogs fed on meat, the 
maximum amount being 1 pt. hippnric acid to 129 pts. urea (E. Salkowski, Ber. 
xi. 600). 

5. Oxalates. From examination of fortj^four specimens of urine, A. B. Pres- 
cott {Chem. Bews, xxxvii. 76) finds that urine which in the fresh state is free from 
calcium oxalate, frequently deposits oxalates after standing for five days. 

Belative Weight of different Constituents of Urine. — The urine of a dog fed on 
meat alone was found to contain 14 pts. by weight of phosphoric acid to 100 nitrogen ; 
that'of a dog fed on potatoes and bread contained 20 to 30 phosphoric acid to 100 
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nitrogen. In healtliy men from twenty to twenty-five years old, living on a snfificieney 
of mixed diet, the urine contains from 17 to 19 pts. phosphoric acid to 100 nitrogen; 
with pure meat diet the phosphoric acid decreases ; with pure vegetable diet it 
increases. The proportion of the two constituents varies greatly also with the 
time of day and the state of health. The urine of healthy men contains to 100 
pts. nitrogen, 12 to 14 sulphuric acid, 0-3 to 0*7 lime, and 0*6 to TO magnesia 
(W. Zuelzer, Ber. viii. 1670). 

hijiiienoe of various Substances on the Composition and Properties of the TJrme , — 

1. Benzoic acid. The urine of a dog whose food was mixed with benzoic acid was 
found by Baumstark {Ber. vi. 883) to contain a substance having the composition 
O^H^N-0. This substance unites with acids, forming easily soluble salts ; is pre- 
cipitated by mercuric nitrate ; yields sarcolactie acid when treated with nitrous acid ; 
and gives off half its nitrogen as ammonia when boiled with baryta- water, the other 
half probably as ethylamine, with separation of barium carbonate. 

2. Orthonitrotoluene. This substance given to dogs in their food appears 

in the urine, partly as orthonitrobenzoic acid, but the chief product of its transfor- 
mation is a crystalline substance having the composition + which 

may be regarded as a compound of urea with uronitrotoluenic acid, (Jaffe; 

see p. 1994). 

3. Salicylic acid. Sodium salicylate, introduced into the stomach of a dog, 
appears in the urine after forty-five minutes. In man it is quickly eliminated by the 
kidneys, appearing in the urine after twenty minutes (Blanchier a. Boehefontaine, 
Compt. rend. Ixxxvii. 657). 

4. Salic in, taken by the mouth, passes into the urine partly unaltered, partly 
decomposed, with formation of salicylic acid (Weith, Per. x. 979). 

5. Prote’ids. Many of these bodies, when introduced into the animal body by 
intravenous injection, remain thei’e ; others are eliminated in the urine, either un- 
altered or after undergoing various transformations. The urine after such injections 
is mostly alkaline (Bechamp a. Batus, Ann, Ghim, Phys. [5], xiv. 512). 

6. When urine voided after eating asparagus is distilled, an alkaline distillate 
is obtained having the characteristic odour of asparagus. Such urine contains a pro- 
portion of ammonia much above the normal amount; considerable quantities of 
succinic acid ; also hippuric and benzoic acids, but no asparagine. This last substance 
must therefore have been decomposed, in passing through the organism, into succinic 
acid and ammonia, which appear in the urine (A. Hilger, Liebig's Annale)i, clxxi. 
308). 

7. On the influence of Chloral Hydrate on the composition of the Urine, see 
Ueochloralic Acid (p. 2080). 

Pathological Urine. — Markownikoff ix. 1441, 1603) has found acetone and 

ethyl alcohol in diabetic urine, and is of opinion that these bodies g,re formed in 
the organism by a peculiar fermentation of glucose induced by an acetone ferment. 
E. Beichardt found dextrin in the urine of diabetic patients who had been drinking 
the Carlsbad waters {Arch. Pharm. [3], v. 502). The urine of a typhus patient was 
found by A. Strumpell {Zeitschr, anal. Chem. xvi, 134) to contain thiosulphuric 
acid. Selmi {Ber. vii. 1463) finds that fresh urine voided after poisoning with 
phosphorus does not give off phosphine when treated with zinc and sulphuric acid, 
but that, after standing for twenty-four hours, it acquires an alliaceous odour, and then 
gives off phosphine when treated as above. 

On the colouring matters obtained from the urine of a leprous patient, see Uno- 
FUSCOIL2EMATI]V (p. 2080). 

Detection and Estimation of various Substances in Urine. — 1. Albumin. See 
Proteids (p. 389). 2. Blood (p. 337). 3. Indigo. To estimate this substance, 
E. Salkowski {Tsitschr. anal. Chem. 1877, 366), after oxidising the urine, renders it 
alkaline with caustic soda, whereby the indigo is precipitated together with phos- 
phates, and extracts the indigo from the dried precipitate with chloroform. 4. Iodine 
may be estimated by acidulating the urine with hydrochloric acid, and titrating with 
a solution of palladious chloride, 10 c.c. of which are equivalent to 0'0119 g. iodine. 
The titration is best performed by measuring out 10 to 20 c.c. of the palladium solu- 
tion, heating the liquid in a stoppered fl^sk placed in the water-bath, and adding the 
urine-solution, previously brought to a definite volume, till all the palladium is thrown 
down as PdP (A. Hilger, Zeitschr. 1873, 342 ; Liebig's Annalen, clxxi. 212). 
5. Peptone. See Proteids (p. 1689). 6. Phenol may be detected by agitating 
the urine with petroleum-ether, which dissolves the phenol ; and testing the solution 
with ferric chloride, bromine-water, chloride of lime with ammonia, mercuric «iitrate 
with a small quantity of nitrous acid (Dragendorff, Arch. Pharm. [3], xii. 298). 
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7. Quinine may be detected by rendering the urine alkaline with ammonia, agitating 
with ether, which takes up the quinine, evaporating after addition of hydrochloric 
acid, and testing with chlorine-water, which, if quinine is present, brings out the well- 
known green coloration (Vitali, anal. Chem. 1874,476). 8. Urea. See 

Carbamides (p. 389). 9. Uric acid (p. 2076). 

TTRW-BESIia'- This resin, which is of frequent occurrence in ancient tombs, 
has been examined by Hostman a. Flilckiger {Arch. }?harm. [3], vii. 1). It consists 
of a dark-coloured amorphous mass, which softens at 100° without melting, and gives 
off an odour like that of storax. It burns with a smoky flame, leaving 1-58-1-65 per 
cent, ash, which does not effervesce with hydrochloric acid, has an alkaline reaction, 
and contains manganese. Petroleum-ether and alcohol dissolve but little of the resin, 
carbon sulphide rather more ; ether takes up about 60 per cent, of it. The resin 
extracted by ether gave by combustion 72*77 per cent, carbon and 9*26 hydrogen. 
By dry distillation the resin yields a brown oil in which catechol can be detected, 
'ii^en fused with potash, it yields a qui non e-like body. These results do not lead to 
any definite conclusion as to the origin of the resin, but they show that it is not 
identical with any of the resins in common use. 

tTROBlXiIiff, syn. with Htdrobilibubik (pp. 921, 1063). See further L. Bisque 
{Zeitschr. j^hysiol. Chem. ii. 360; Jakresh.f. Chem. 1878, 1002). 

ITROCilLK'IlN'XC ACm. This name is given by Jaffe {Ber. viii. 811) to a sub- 
stance having the composition which he has obtained from dogs’ urine. 

It reacts both as acid and as base, and melts at 212°-213°, giving off water and 
carbon dioxide, and leaving a strong base, called urocanine. This base 

dissolves readily in alcohol, sparingly in water, and forms a red pulverulent platinum 
salt which melts in hot water. 

t7ROCKX.ORBLX.XC ikCXK, C^H^-CPO®. This acid was found in the urine of 
persons who had for some time taken 5 or 6 grams of chloral hydrate in the evening. 

It is extracted from the urine, after concentration and acidulation with sulphuric 
acid, by a mixture of alcohol and ether. It crystallises in colourless silky needles, 
dissolves in water, alcohol, and a mixture of alcohol and ether, but is insoluble in 
pure ether ; forms well-crystallised salts with potassium, sodium, barium, and copper 
(v. Mering a. Musculus, Ber. viii. 662). 

tTROFTISCO- and VRORXTBRO-HJ&lMCATXXr. Two peculiar colouring 
matters obtained by F: Baumstark {Ber. vii. 1 170) from the urine of a patient suffer- 
ing from Lepra. IfrorubrohcBmatin, C®®H^^N®Fe'0^°, is a blue-black light mass, insoluble 
in water, alcohol, ether, chloroform, and solution of common salt ; soluble in the fixed 
alkalis and in ammonia, in alkaline phosphates and carbonates, and in acidulated 
alcohol ; sparingly soluble in dilute sulphuric acid, and in solution of common salt 
acidulated with hydrochloric acid. The acid solution exhibits a characteristic 
absorption-spectrum. UrofitSGokcBmatin, is black, pitchy, insoluble in 

water, alcohol, ether, chloroform, acids, and in solution of common salt, either neutral 
or mixed with hydrochloric acid; soluble in the fixed alkalis, ammonia, alkaline 
phosphates and carbonates, and acidulated alcohol. 

VROKXTROTOXiVSKXC B.CXX>, An acid occurring, in combina- 

tion with urea, in the urine of dogs to which orthonitrotoluene has been administered. 
See Toluenes (Nitro-), (p. 1994). 

XTROXAIHXC ACXB, The potassium salt of this acid is formed • 

when a solution of uric acid in potash-ley is left in contact with the air, but protected 
from access of carbonic acid. It decomposed when heated with ammonia at 60°, and 
the lead salt prepared from the viscid mass remaining in the retort has the composition 
of lead allantoate (E. Mulder, Ber. viii. 1291). 

trSKIC ACXB, (Faterno, Ber. ix. 345 ; Gass;, chim. ital. 1878, 225). 

This acid was discovered in 1840 by Knop in several lichens of the genera Usnea, 
Parmelia, Evernia, Cladonia and Lecanora ; and nearly at the same time Rochleder a. 
Heldt observed its presence in Cladonia rangiferina and Usnea barbata (Fries). 
Stenhouse, in 1846, found usnic acid in Evernia yrmiastri, and obtained, by dry distil- 
lation of the crude acid, a new substance which he named betaorcm. Hesse, in 1861 
{ibid, cxvii. 343), observed that the acid extracted from Cladonia rangiferina melted 
at 175°, and therefore regarded it as isomeric with Knops usnic acid, distinguishing 
it as heta-usnio acid (v. 970 ; vii. 353, 1194) ; and in 1866 the same chemist, in ex- 
amining Usnea barbata extracted from it a new yellow crystalline substance, 
deceptively like usnic acid in most of its properties, but differing from it slightly in 
coinpomtion, and melting at 195*4° (usnic acid at about 200°). This substance he 
designated as carhusnio mid^ assigning to it the formula usnic acid being at 

that time generally regarded as (vi. 413). 

The existence of beta-usnic acid was corroborated in 1870 by Stenhouse, who 
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moreover showed (correcting a former statement) that beta-orcin was a derivative, not 
of Tisnic acid, but of the acid extracted from Cladonia rangiferina^ for which he pro- 
posed the name cladonic instead of beta-usnie acid. 

The existence of the second acid (carbusnic) was supposed to be confirmed by the 
difference of the results obtained by Paterno and by Saikowski with the acids prepared 
from Zeara sordida and from Usnea hcirbata, Fr. {Jiorida^ Hoffm.), notwithstanding that 
the supposition of Salkowski’s acid being carbusnic acid was to a certain extent in 
contradiction to his own analyses of .the salts of this acid, which gave for it an equiva- 
lent number (molecular weight) between 3-29*7 and 347*1, whereas the formula 
Cio]g[i60'^ requires 372. 

Finally, Hesse in his last memoir has re-examined the acid prepared from Us7iea 
harhata, Hoffm., with results which he regards as confirmatory of those previously 
obtained. He is still of opinion that the lichen just mentioned contains an acid 
having the composition mixed perhaps wiSi a small quantity qf usnic acid. 

This conclusion is based on the result of two combustions of the acid, which gave, as 
a mean, 61*7^ p. e. C and 4*42 H (the formula 0’®H^®0® requiring 61*29 and 4*30), 
and on analyses of the potassium salt. This salt crystallises from alcohol of 93 p. c. 
in yellow flattened prisms containing 4*09 p. c. water and 9-46 potassium, and from 
dilute alcohol in beautiful pale-yellow leaflets containing 11*18 water and 8*97 potas- 
sium. These results agree tolerably well with the formulae -H H-O(4-20H"O 

and 9T5K), and G^'^H^®JK10^4-3H-0(11-63H^0 and 8*47K), and are regarded by 
Hesse as ai&rding decided confirmation of the existence of carbusnic acid, 

On the other hand, Paterno ’finds that usnic acid from Zeora sordida, from which 
he has prepared decarbusnein C^^H‘^0^, pyrousnic acid C^-H^'O®, and other well-defined 
compounds, yields, when boiled with potassium bicarbonate in such quantity as to 
leave a little of the acid undissolved, a potassium salt which crystallises from water 
in a mass of yellow leaflets giving off 12*23 p. c. water at 110°; from alcohol of 
93 p. c. in yellow prisms containing 4*32 p. c. water and 9*48 p. c. potassium (or 9*91 
calculated on the dry salt) ; and from alcohol of 51 p. c. in pale yellow leaflets con- 
taining 12*19 p. c. water and 8-64 potassium (9-84 for the dry salt). 

These results agree very nearly with those which Hesse obtained with the potas- 
sium salt of the acid prepared from Usnea barhata (Hoffm.), but they are more in 
accordance with the formula C*®H^^KO^ for the dry salt, than with which 

would correspond with the formula originally assigned by Paterno to usnic 

aci‘l. 
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Knop also, in 1843, found in dried potassium usnate 9*16 p. c, potassium, which 
agrees better with C*®H''KO® than with C*®H‘*KO^, the latter requiring 10*20 p e. 
potassium. 

On the other hand, the experiments of Paterno on the derivatives of the compound 
hitherto called usnic acid (extracted from Us7iea harbata and Zeora sordida) have 
clearly shown that it has the composition’ ; and since this compound, when 

treated with alkalis, yields salts having the composition it must be 

interred to he, not an acid, but an anhydride, a view which is confirmed by other 
facts and considerations. Thus the formation of carbusne’ide, and pyrousnic 

acid, C^-H^O^ from the compound {infra), m<ay be represented by tho 

equations — 

CISHISQ- + 2WO = 002 + C2H^02 + 

+ 3H-’0 = 002 ^ C2H*02 + C^H^O + 

Here the elimination of CO 2 from the compound is accompanied by 

assumption of the elements of water, which would not be necessary if this compound 
were really an acid containing the group OO 2 in the form of 00. OH, as in the trans- 
formation of benzoic, salicylic, and orsellinic acids into benzene, phenol, orcin, &c. 

The experiments above detailed are sufiSeient to establish the identity of Hesse’s 
carbusnic acid from Us7iea ha^'hata, Hoffm., with usnic acid. The carbusnic acid 
which Salkowski obtained from Usiiea florida, Hoffm., is also identical therewith, inas- 
much as Paterno has found that when boiled with aniline, it yields two compounds 
identical with those obtained from usnic acid, one melting at 142°, the other at 170°. 

VoL. VIII. 6 S 
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The acid regenerated from these compounds by hydrochloric acid is converted by 
heating ^th alcohol in a sealed tube into decarbxisnein, 

The so-called usnetio add, recently found by Hesse in the mother-liquors 

of usnic acid from TIsma harbata, is regarded by Paternb as identical vsdth decar- 
busnein. 

Becarbusnezn, obtained by heating usnic acid at 150° -with three or 

four times its weight of alcohol, crystallises in yellow silky needles, which^ turn red- 
dish in the air, melt at 175°, and decompose at a higher temperature. It dissolves in 
hot alcohol, sparingly also in water and in ether ; does not colour ferric chloride, but 
when heated to 200° with alcohol and water, it yields an amorphous substance which 
colours ferric salts ; acetyl chloride does not act upon it ; nitric acid acts violently, 
forming oxalic acid. It reduces warm ammoniacal silver nitrate, with formation of 
an amorphous reddish-yellow substance. 

Pyrousnic Acid, 0 ^ 221205 ^ is prepared by gradually heating usnic acid to 
boiling with 2|- pts. potash-solution in an atmosphere of hydrogen, and remains, on 
acidifying the brown solution with hydrochloric acid, then shaking it with ether, and 
leaving the ether to evaporate, in shining scales which melt with partial decomposition 
at 195°, and dissolve freely in alcohol and in boiling water. Its alkaline solutions 
rapidly absorb oxygen, turning green and ultimately brown. The ammoniacal solution 
quickly reduces sUver nitrate. 

UVIC ACXH, CHO. Syn. with PrEOTEiTAKTABic Acid (p. 1724). 

13 5 

tnriTIC ACID, C»H80‘»=C*H3(C02H)(CH»)C02H. Symmetrical Methyl- 
isophthdlio add. Mesidic add (v. 970; vi. 821). — This acid, intermediate in compo- 
sition between mesitylenic acid, C®H^(OH=*)“C02H, and trimesic acid, C“H^(CO®H)2, is 
formed : a. By oxidation of mesitylenic acid (vi. 821) ; Together with uvitonic acid 
and other products, by heating pyroracemic acid with excess of barium hydrate, or by 
the action of heat on normal barium pyroiacemate (p. 1717); probably also, together 
with oxalic acid and urea, by boiling pyvuril with baryta- water (p. 1718). j8. By 
oxidation of methyl-diethyl-benzene and of ethyl-dimethyl-benzene (p. 1285). 

Writro- and Amido-uvitic Acids (Bottinger, Ber. ix. 804). Uvitic acid 
heated for several days with a mixture of strong sulphuric and fuming nitric acids, 
yields two mononitro-derivatives, separable by their different degrees of solubility in 
water, together with dinitro-derivatives and several products of oxidation. 

a-Mononitrouvitic add, C'’H’'(N02)0‘^-f 2H-0, the chief product of the reaction, 
dissolves but very sparingly in cold water, a little more freely in boiling water, and 
crystallises in groups of needles or long prisms, melting at 226°-227°, and containing 
2 mols, water. Its potassium-salt is very soluble and forms microscopic needles 
containing 1 mol. of water. The barium salt dissolves but sparingly in hot water, and 
forms slender needles which lose 1 mol. water at 150°. The calcium salt, which is 
more soluble, crystallises in needles with 3 mols. of water. 

^-Mo7ionitrouvitic add is much more freely soluble in water than the a-acid, 
and forms acute rhombohedrons, melting at 249°~2o0°, and containing half a molecule 
of water. The two nitro-acids treated with tin and hydrochloric acid, yield the cor- 
responding amido-acids. 

a-AmidoihviUc acid is insoluble in water and. sparingly soluble in hot alcohol, 
from which it crystallises in small yellow needles, melting and decomposing at 240°, 
Its impure alcoholic solution shows a splendid greenish-blue fluorescence, hut that of 
the pure acid is less beautiful and of a reddish-blue. When this acid is stirred up 
with water to a thick paste, and nitrous gas is passed into the mixture, it liquefies, 
and on addition of alcohol and ether, deposits the corresponding di azo-compound 
as a hygroscopic mass which quickly turns red on exposure to the air, and when 
heated with water yields ahydroxyuvitie acid {mfra). 

$-Amidouvitio add forms a yellow crystalline powder or light-yellow needles ; it 
is nearly insoluble in water, and melts, with decomposition, at 250°-255°. The alco- 
holic^ solution of the impure acid exhibits a greenish-blue, the alcoholic-aqueous 
solution of the pure acid a fine reddish-blue fluorescence. The tin-salt of*this acid is 
very sparingly soluble and is not decomposed by water. The ^-amido-aeid yields a 
moderately stable diazo-compound, which when heated with water is converted into 
^^hydroxynvitic acid. 

H^droxyuvitic Acids, C«H2(0H)(0H0(C02H)2 Two of these acids, a and 
are obtained, as already observed, by the action of boiling water on the corresponding 
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diazo-aeids. As uvitic acid has the symmetrical constitution 1:3:5, these two 
hydroxy-acids must he represented by the formulae : 

1 2 3 4 5 6 

C^GOm.B..CW.'R.OOm.OR 

but it has not yet been ascertained which of these formulae must be assigned to the 
a-acid (m.p. 285°), and which to the j3-acid (m.p. 220°). 

Another hydroxyuvitie acid (or more properly hykwxyxylidic acid) is formed (as 
ethylic ether) by the action of chloroform on a mixture of ethylic acetosodacetate and 
sodium ethylate, or on the crude product of the action of sodium on acetic ether, 
which contains both these bodies. Its constitution, as already shown (p. 17), is repre- 
sented by the formula : 

C« CO^H.CHs H,OH.COm.H or CO^H : CH^ : OH : CO^H = 1 : 2 : 4 : 5. 

By dry distillation of its calcium or barium salt it is converted into Tiieta-eresol 
(Oppenheim a. Pfaff. pp. 17 and 1477). 

^ UVITOIO'IC AC3CB, (?). This acid is one of the products obtained by 

boiling pyroracemic acid with excess of barium hydrate, and probably also by the 
action of heat on barium p^poraeemate (p. 1717). It is partly converted into uvitic 
acid when left in contact with the air, and completely by prolonged treatment with 
barium hydrate (Bottinger, JBer. ix. 836). 

xrvpOTiTlljric acid, The acid ammonium salt of this acid 

is obtained as a precipitate, together with carbonic and acetic acids, by the 
action of alcoholic ammonia on pyroracemic acid. Its hariim salt contains 
C®H^NO'^Ba -F- 3H-0; the silmr salf^ C^HN0'Ag- + H-0. The acid is not acted on 
by nitric acid. Chromic acid oxidises it to carbon dioxide, ammonia and acetic acid 
(Bottinger, Ber. x. 362). 


v 

VAKERAX. or VAI^ERAXiSEKVBR, “0 = C<H”CHO. This compound 
is formed, together with methylisopropyl ketone, by the action of zinc chloride or 
phosphorus pentoxide on isopropylethylglycol (Plawitzky, Ber, x. 2240). 

Valeral and acetyl chloride heated together at 100^ in a sealed tube unite and form 
the compound 0^H^“O,C-H®OCl, which is a liquid having a density of 0*987 at —17°, 
boiling at 118-128°, and gradually decomposed by water into acetic acid, hydrochloric 
acid, and valeral (Maxwell Simpson, Broc, Boy. Soc.^ xxvii. 120). 

Valeral and chloraVammonia unite, with elimination of H-0, forming the com- 

pound C'H'^CyNO = 

c^ffCHo + ccisch<;;q^' = H=o + ccKCH<;|g— 

(E. Schiff, Ber. xi. 1694). 

Valeral and henzidine unite in the proportion of 2 mol. C®H^"0 to 1 mol 
forming a sparingly soluble compound (H. Schiff, Ber. xi. 830). 

Polymerides. The polymeric valeral homologous with aldol, which 

Borodin obtained by the action of sodium, or of potassium hydroxide at 0°, on valeral 
(vii. 1196) has been further examined by the same chemist {Ber. vi. 982), also by Gass 
a. Hell l^hid. viii. 369), and by Bruylants {ihid. 414). It is a colourless viscid liquid, 
which, when heated, is converted, with elimination of •water, into a condensation- 
product, viz. an aldehyde and a neutral body together with valeral, 

the decomposition being exactly analogous to that of aldol under similar circumstances. 
The polymeric valeral further resembles aldol in depositing crystals when left for 
some time in contact with dilute soda- ley. This, however, does not always take place, 
and the amount formed and the rate of formation vary greatly in different experiments 
condimted apparently under precisely similar conditions ; in fact, the conditions under 
which these crystals are produced have not yet been ascertained. The composition 
of the air-dry crystals is represented by the formula (G^°H““02)^H^0. When heated, 
they melt slowly to a colourless liquid, which, if not heated too long, solidifies to a 
crystalline mass on cooling. If it be heated above the melting point, decomposition 
takes place, valeral passing over first, then the aldehyde C"^H^®0, and final^r the 
compound these products are obtained quite colourless, and no residue 

6s2 * 
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remains in tie retort. The crystals are similarly decomposed when heated with water 
or very dilute sulphuric acid ; they are also decomposed, with loss of water, when 
exposed over sulphuric acid. » 

Gass a. Hell obtain a polymeric valeral by prolonged contact of valeral with 
recently ignited potassium carbonate, the valeral thickening, and acquiring in a few 
days at ordinary temperatures, more quickly at 50°-60®, the consistence of honey. 
This polymeride is permanent in sunshine, and does not unite either with ammonia or 
with alkaline bisulphites; by distillation or by heating in a sealed tube it is recon- 
verted into ordinary valeral. Its consistence varies with the temperature ; at 60°-70° 
it is comparatively mobile, but at —45° it is so viscid as to be no longer capable of 
running ; it does not however solidify completely. Bruylants, on the other hand, by 
pressing the thickened mass between paper, after washing it with water, obtained a 
solid body, which, after recrystallisation from ether, formed slender silky needles, 
having the percentage composition of valeral, and yielding a vapour having the 
density of that substance, showing that the polymeride undergoes dissociation when 
heated. The crystals are insoluble in water, but dissolve readily in alcohol, still 
more readily in chloroform and carbon bisulphide. They melt at 83°-84°, and decom- 
pose at a higher temperature, yielding a liquid which unites like an aldehyde with 
bisulphites and silver-solution, and does not easily resolidify on cooling. 

Condensation-products of Valeral (Gass a. Hell, Ber. viii. 369). These 
are obtained by boiling valeral with solution of potassium carbonate. The liquid, 
which at first is turbid, becomes clear after about two hours’ boiling, the reaction being 
then complete. The change affects, however, only about half the quantity of valeral 
present, which is thereby converted into products of higher boiling point, the other 
and somewhat larger portion remaining unaltered. The residue left after distilling 
off this unaltered valeral is resolved by fractionation into three portions, the largest, 
which boils at 187°-191° (189*9^-194° corr.) under a pressure of 742 mm., having 
the composition C*®H‘^0 = 2C®H‘°0— ; the second, which is much smaller in 
|uantity and boils at 23o°~240°, being represented by the somewhat doubtful formula 
(^isH 280“ = 3C*H^®0 — H'O ; -while a third, which boils apparently at 265°-270°, has 
the composition G-‘’H^^0® = 4C®H^®0— H-0, and is resolved by prolonged distillation 
into water, the compounds above mentioned, and others of higher boiling point. 

A condensation-product having the formula was obtained by Borodin, 

who, however, describes it as boiling without decomposition {yii. 1196). The body 
QiogiaO -w'as previously obtained by Eiban and by Kekule (loc. cit.) Gass a. Heil 
deecrihe it as a yellowish oil, which gradually becomes colourless on exposure tc 
light and assumes a viscid consistence at low temperatures, but does not solidify com- 
pletely even at — 45°. Sp. gr. = 0*861 at 0°, 0*851 at 14°, referred to water at 0°. The 
compound has a strong odour like that of amyl valerate, and is insoluble in water, 
but dissolves readily in alcohol and ether. It does not unite with ammonia, nor (con- 
trary to Borodin’s statement) with bisulphites ; but it reduces silver oxide on boiling, 
also an ammoniacal solution of silver. It acts violently on phosphoric anhydride, 
forming hydrocarbons of the formula "with bromine it yields an oily product. 

It is not attacked by water even at 250°. By boiling with alcoholic potash it is con- 
verted partly into valeric acid, but for the greater part into a brown viscid condense, - 
tion-product, apparently C*’®H®“0-, which cannot be distilled either alone or with 
vapour of water. 

Valeral-ammonia, C®H^®0,NH® = C‘*H®.CH(NH^)OH (Ljubavin, JBcr. vi. 1460). 
This compound is formed immediately by the action of ammonia on pure valeral, 
slowly, ou the other hand, when impure valeral is used. In the fused state it may 
he dehydrated by solid caustic alkalis without decomposition. It is decomposed by 
alcohol of 95 per cent. The dry compound, when distilled, first gives off a large 
quantity of ammonia, then at 250° a mixture of valeral-ammonia and Erdmann’s 
trioxamylidene or trioxamylamine, (C*H^®0)®,NH®(v.886); the same products, 
together with valeral, are formed on distilling valeral-ammonia -with aqueons vapour 
at 100°, also on boiling valeral-ammonia with potash. The alcoholic solution of 
valeral-ammonia, when left to itself for some time, likewise yields trioxamylamine. 
This base, treated with hydrochloric acid, forms white flocks, melting at 112°-113° 
and consisting of a mixture of C'®H3®HO®,HCl and C^®H®'H02,HC1. 

Valeral'xaxithamide, 

On adding hydrochloric acid to a mixture of xanthamide and valeral, a glutinous mass 
is forjfied, which on addition of a small quantity of alcohol breaks np without dis- 
solving, and yields with water a yellowish white or pure white crystalline powder 
made up of small indistinct cohering laminfie. This is the compound above formu- 
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kted. It has a faint, peculiar odour, dissolves but sparingly in ether, more readily 
in alcohol, and melts at 108°. When heated in the dry state it emits an odour of 
mercaptan, and at the same time gives off ammonia and cyanic acid, and finally 
strongly alkaline vapours having an intensely repulsive odour (C. Bishoff, Bei\ vii, 
1078 ). 

VAXilSStXC ACXB, (CH®)-CH.CH2.COOH. Isojpe7itoiG^ ls(yprapyl- 

acetiCi Isohutylformic Add , — See Pentoic Acids (p. 1500). The properties of this acid 
and of several of its salts and derivatives have lately been fully investigated by R 
Schmidt and R. Sachtleben (Liehig^s Awiicden^ cxeiii. 87). The acid was prepared by 
a slight modification of Erlenmeyer and Hell’s process, in which isohutyl cyanide is 
decomposed by alcoholic potash (vii. 1197). The free acid boils at 175° under a 
pressure of 754-8 mm. Sp. gr. 0'93087 at 17‘4°. It is optically inactive* Its salts 
are partially converted into basic compounds on keeping; their aqueous solutions have 
a slightly acid reaction. The alkaline and alkaline-earth salts are easily soluble in 
water, but those of the heavy metals are difficultly soluble, and generally more soluble 
in cold than in hot water. The caldum salt, (C®H®02)^Ca + SH^O, is more soluble than 
that of active valeric acid, and is not so prone to form basic salts. The manganese 
salt, (0®H^O^)2Mn + 2H-0, the s^ine salt, (C®H®0“)^Zn4- 2H'^0, and the copper salt, 
(C^H°02)2Cu, are more soluble in cold than in hot water. Quinine isohutylformate, 
q 202;24]^2O2^C5H^0O^ closely resembles the active valerate. Methyl isohutylformate, 
C^H^O^CH^, is a colourless liquid with a pleasant fruity odour (b. p. 117° at 763*8 mm.) 
Sp. gr. at 1 7° = 0*885465. 

Isohutylformamide, C^H^O.NH-, is prepared by heating the methylic ether with a 
mixture of aqueous and alcoholic ammonia for five hours at 120° in sealed tubes, and 
evaporating the product over sulphuric acid. It crystallises in silky plates (m. p. 
135°), which are easily soluble in water and alcohol, and can be sublimed. 

Isohutylformanilide, C^H^O.NH(C®H®), is obtained by boiling the acid and aniline 
together in molecular proportions for two days. It is sparingly soluble in hot. water, 
but dissolves easily in alcohol or ether. It sublimes when heated, and volatilises in a 
current of steam (m. p. 1 00°). 

Bromisobutylformio acid seems to be formed when isohutylformic acid is heated 
w-ith bromine at 140°, but it has not been obtained pure. 

Amido-isohutylformic acid {Isopropylglyeodne), NH2.C‘‘H®.COOH, is prepared by 
heating bromisobutylformic acid with 4 vols. of concentrated ammonia in sealed tubes 
for six hours at 130°, removing the ammonia by evaporation, digesting the residue 
with lead hydroxide until it ceases to smell of ammonia, collecting the precipitated 
lead bromide on a filter, and removing the lead in solution by sulphuretted hydrogen ; 
the filtrate, on evaporation over sulphuric acid, solidifies to a yellow crystalline mass, 
which may be purified by washing with a mixture of alcohol and ether and crystalli- 
sation from alcohol. 

Amido-isobutylformic acid crystallises in colourless plates, which are easily soluble 
in water, but difficultly soluble in alcohol and ether. When heated, it volatilises 
without melting. In these properties it agrees entirely with Clark and Bittig’s amido- 
valeric acid (v. 278). 

Hydroxy isohutyl formic add, C‘‘H^(OH).COOH, is obtained by boiling bromisobutyl- 
formic acid with a slight excess of concentrated potash for a short time. After 
separating the potassium bromide and acidifying with strong hydrochloric acid, a 
yellow oil separates, which consists essentially of isohutylformic acid ; this is removed, 
and the hydroxyisobutylformic acid extracted from the acid liquid by agitation with 
ether; on distilling off the latter, a yellow syrup remains, from which colourless 
crystals separate after some time. The acid may be purified by crystallisation from 
ether. Hydroxyisobutylformic acid (m. p. 82°) and its salts do not differ in any of their 
properties from those of the hydroxy-acid and salts obtained by Clark and Fittig (vi. 
894) from ordinary valeric acid. 

Ethylic hydroxyisohdylformate, C^H^O^.G^H®, is obtained by the action of ethyl 
iodide on the silver salt. It is a colourless liquid of pleasant odour, and is lightet 
than water, in which it is but slightly soluble. It boils at 175° with slight decom- 
position. l?reated with phosphorus trichloride, it does not give an acid^ identical or 
isomeric with angelic acid, but amorphous phosphides and a highly chlorinated oil. 

Valerolactide, O^H^O^, is obtained when hydroxyisobutylformic acid is heated 
in sealed tubes at 200° for six hours, thus : — C^H'^0* = G^H^O® -f H-0. It crystallises 
in white needles melting at 126°, boiling at 220°-240°, insoluble in cold water, and 
melting in hot water to a colourless oil. It is easily soluble in alcohol and ether, and 
may be sublimed in silky needles. It is not attacked by dilute alkaline solutions. 

* Active valeric or pentoic acid is jnethylethylacetio acid, (OH®) CO*H*)C?iff .COOH 
(p. 1501), 
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THcUor-hydroxyvaleric or TricUorovalerolactic acid^ O^H^CPO®, formerly 
described by Pinner and Bischoff, forms the following salts : — The sodium salt, 
C®H®NaOPO® + H-0, loses its water of cr^-stallisation at 100°. The ammonium salt 
forms small granular crystals, and the lead salt is an amorphous precipitate. The 
acetyUcomjyound, C^H®(0^H3O)CP0* + H-0, which crystallises in white needles (m, p. 
84°), is prepared by digesting the acid with acetic anhydride and pouring the product 
into cold water. It is insoluble in cold water, and is slowly decomposed by boiling 
with water. The anhydrous compound forms a thick uncrystallisable syrup. 

Ethylic iriGhlorhydroxy valerate, forms long prismatic crystals, 

which melt at 40° and boil at 255°. If this ether is dissolved in alcoholic ammonia, 
and the solution left at rest for several weeks, a white crystalline crust is formed, 
which consists of a mixture of ammonium chloride and the amide of monoclilorimido- 
angelio add, C^H^C1N=^0. This amide is soluble in hot benzene, and is reprecipitated 
by the addition of light petroleum to this solution; melts with decomposition at 118°, 
Platinum chloride and silver nitrate produce precipitates in the aqueous solution 
(Pinner a. Klein, Ber. xi. 1488). 

This base, obtained by heating 1 volume valeral 
with 2 volumes alcoholic ammonia at 150° (vii. 1200), has been further examined by 
Ljubavin {Ber. vi. 565). To purify it, the hydrochloride, which forms an uncrystai- 
lisable syrup, is mixed with caustic potash, and the base thereby set free is distilled 
off with steam, precipitated from alcoholic solution by picric acid, and again set free 
by an alkali. 

Valeritrine is a colourless, very mobile liquid, having great dispersive power, boil- 
ing at 250°'-260°, easily soluble in alcohol, ether, and weak acids, nearly insoluble in 
water and aqueous alkalis. Its salts are mostly uncrystallisable, dissolve easily in water, 
and are decomposed by boiling therewith. The base is on the wholo very stable, and is 
not decomposed by sodium even at 250°. The gilatmochloride, (C’^H^’^NjHCy-PtCP, 
crystallises in transparent, brittle, orange-coloured granules, easily soluble in alcohol, 
sparingly in water and in ether ; in boiling water it melts to an oil, which floats on 
the surface and gradually dissolves. The merourochlonde, C^5H-^N,IICl,HgCP, forms 
rhombohedral crystals, which dissolve in boiling dilute alcohol and melt at 8(3°-88°. 
The ^i(yrate, 02)^0, purifled by crystallisation from warm alcohol, 

forms needles melting at 129°~130°, sparingly soluble in cold, freely in warm alcohol. 

ViL£ER03:iil.CTZZIEy On the modification of this compound, formed 

by the action of heat on hydroxyisobutylformic acid, see p. 2085. 

VilZiEXliriiEirES, or PEWTZWES, (see p. 1500). According to Bou- 
chardat (Compt. rend, Ixxxvii. 654), valerylene (which modification?), heated for 
about six hours at 250°-260° in a sealed tube filled with carbon dioxide, is converted 
into a terpilene, which, after several rectifications, has a density of 0*848 at 

0°, and 0*836 at 15°, and distils at about 180°. The condensation of the same valery- 
lene also gives rise to a tri valerylene, which is found in the portion of the 

crude product distilling between 240° and 250°, and yields a monohydrochloride, 
which is completely decomposed by heat. 

Metliyl-etliylacetylene, C^H®.C~C.CH*, is obtained by the action of alkalis 
on methylethyl-ethylene bromide, C-H^.CHBr.CHBr.CH^ and forma the portion of com- 
mercial valerylene which is insoluble in sulphuric acid. It boils at 51° (Eltekoff, 
Bull. Soc. Okim. [2] xxix._ 210), and is converted by oxidation with chromic acid mix- 
ture into propionic and acetic acids. 

Zsopropylacetylene, (CH^)^CH.C^CH. Elavitzky a. Kriloff {Ber. x. 110; 
Bull. Bog. Chim. [2] xxix. 214) have prepared this modification of valerylene from 
the mixture of pentylenes obtained from amyl iodide, by heating the bromides of 
these pentylenes with alcoholic potash on a water-bath in a flask with reversed con- 
denser. According to their observations it boils at 28°-30°, not at 35°, as found by 
Bruylants and Eltekoff (p. 1500). By oxidation with potassium dichromate and sul- 
phuric acid it yields acetone and lactic acid, and when treated with sulphuric acid 
It yields methylisopropyl ketone, (CH^)2CH.CO.CH^ together with products of 
higher boiling point. 

ViiZ.ER'STE-TRXlMIETa'SrXiAMMOE'ZtrM; CHX.ORZBE, (C''H:^)(CB;»)3NC1, 
is prepared by digesting trimethylamine with commercial amylene chloride for 
several days at 50°-60°. It is very hygroscopic, and forms a platimm salt, 
(C®H^®NCl)2PtCB + H“0, which crystallises in hemispherical groups of irregular laminae. 
The gold salt, which is anhydrous, melts when heated, without loss of weight, and 
solidifies in the crystalline state on cooling (Harnaek, Chem. Cejitr. 1876, 560). 

VAE'ADZtT'BiZ. Atomic weight 51. Lockyer has detected this element in the 
sun b/the coincidence of nine lines in the solar spectrum and in that of incandescent 
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vanadiuiQ {Troc. Boy, Soc. xxvii. 279). The presence of vanadium in a meteorite 
from Adare, County Limerick, kas been demonstrated by B. Apjobn {Chem, Soe. J. 
xsvii. 104). 

J. Walz {Amer, Chemist, vi. 453) has demonstrated the widely diffused occurrence 
of vanadium, especially in primary iron ores, having found it in all the American 
magnetic iron ores which he examined. He has also observed an intimate connection 
between the occurrence of vanadic and titanic acid, all the ores which contain the 
latter in relatively large quantity being also proportionately rich in the former. 

On the preparation of Vanadium from the uranium ore of Joachimsthal, see Patera 
{Bingl, jpol. J, ccxxxi. 556). 

On the physiological action of Vanadium, see J. Priestley (JProo. Boy. Soc. xxiv. 
40; Jahresb.f. Chem. 1877, 887). 

On the industrial uses of Vanadium compounds, see J. Philipp {JSofTmmi’s Eoit 
wiclcehing der Chemischen Industrie^ p. 836) and B. v. Wagner {Bingl, yoL J. ecxxiii. 
631). 

Estimation. — To estimate small quantities of vanadium in silicates, V. Eoussel 
(Comgt. rend. Ixxvii. 1102) fuses the substance with sodium carbonate; oxidises it 
with a small quantity of nitre ; exhausts the cooled and pulverised melt with boil- 
ing water; washes it completely; evaporates; precipitates with ammonium car- 
bonate ; filters ; adds ammonium sulphide ; leaves the liquid at rest for several days ; 
again filters ; adds hydrochloric acid, which throws down vanadium sulphide mixed 
with sulphur; and weighs the precipitate after expelling the free sulphur by ignition. 

For the volumetric analysis of vamdium sulghates and double sulphates with alkali- 
metals, Gerland {Ber. x. 1216) reduces the vanadic acid by means of sulphurous acid 
to vanadium tetroxide, which is stable in acid solution, but is ‘completely oxidised to 
vanadic acid by permanganate. On the other hand, vanadium tetroxide may be ad- 
vantageously used for the titration of permanganate solutions. 

To separate vanadium from thallium, Oarnelley {Chem. Soc. J. xxvi. 323) mixes the 
solution of the two metals in sulphuric acid with a small quantity of sulphurous acid ; 
precipitates the thallium with potassium iodide ; evaporates the filtrate ; fuses the 
residue with sodium carbonate ; and saturates the aqueous solution of the melt with 
sal-ammoniac. The ammonium meta vanadate which separates after twelve hours is 
washed, first with a saturated solution of sal-ammoniac, then with alcohol, and con- 
verted by ignition into vanadium pentoxide. 

Vanadic acid may be separated from alumina by dissolving the compound (arden- 
nite, for example) in a small quantity of hydrochloric acid, and digesting the solution 
for a short time on the water-bath with a few drops of phosphoric acid, whereby the 
aluminium vanadate is completely converted into aluminium phosphate, which may be 
completely precipitated by ammonia, while the whole of the vanadium remains in 
solution (Bettendorff*, Ann. Vhys. Chem. elx. 126). 

Compounds of Vanadium. 

ZSthylocUloride, V(OC2H®)-CF. This compound is formed by the action of 
ethyl oxide on vanadium oxychloride. Equal parts of ether and the oxychloride are 
digested for two or three hours in a closed vessel at 60°-70°, and the lighter of the 
liquids thereby formed is distilled under a pressure of 160-200 mm., whereby the 
ethylochloride is obtained in shining needle-shaped crystals melting at a temperature 
below 20°. It is slowly decomposed by water into ethyl oxide, vanadium pentoxide, 
and hydrochloric acid, and changes spontaneously into a brown liquid even in a sealed 
tube (P. P. Bedson, Chem. Soc. J. xxix. 309). 

Perrocyanides. See Cyakides (p. 618). 

Fluoride. According to A. Guyard {Bull. Soc. CMm. [2] xxv. 350) an anhydrous 
vanadium fluoride is given off* in yellow vapours, when the oxyfluoride obtained by 
treating vanadic acid with hydrofluoric acid and a little alcohol is heated to redness. 

Oxybaloid Compounds. The tetroxychloride or vanadic oxychlo- 
ride, V^O'^CP + dH^O, is obtained by dissolving vanadic acid in strong hydrocliloric 
acid, and reducing the solution with hydrogen sulphide. On evaporating to dryness 
on the water-bath, the oxychloride remains as a brown amorphous substance which 
forms a blue solution with water and a brown solution with alcohol and strong hydro- 
chloric acid (J. K. Crow, Chem. Soc, J. xxx. 453). The same compound is described 
by A. Guyard {Bull. Soc. Chim. [2], xxv. 350 ; Chem. Soc. J. xxx. 173), who, however, 
calls it chlorure mnadeux. 

The corresponding oxy bromide (hromure mnadeux), easily obtained by treating 
vanadic acid vdth bromine-water and alcohol, or with hydrobromic acid, resembles 
the oxychloride, but decomposes more readily, with formation of vanadium te^oxide. 
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To obtain it in the dry state the solution must be evaporated at a temperature belo'pp 
80° (Gxiyard, loc, citj) 

The ox viodi de, obtained by the action of hydriodic acid on the tetroxide, resepibles 
the preceding compounds, and forms in the dry state a blackish-green, nncrystallisable 

°^^The oxyflnoride, obtained by treating vanadic acid with hydrofluoric acid and a 
little alcohol, is less easily decomposible than the preceding componnds. At a red 
heat it is at first resolved into hydrogen fluoride and vanadium tetroxide, but after- 
wards gives off thick yellow vapours of anhydrous vanadium fluoride (Guyard). 

A silieofiuoride of vanadium is obtained by treating vanadic acid with silico- 
fluorie acid and a small quantity of alcohol The solution, which is blue at first, be- 
comes green when concentrated, and ultimately yields a greyish uncrystallisable mass 
(Gruyard). 

Oxides and Oxy-salts of Vanadium. Tetboxidb or Hypovanadic 
Oxide, This oxide, obtained either by slow oxidation of the trioxide in contact 

with the air, or by heating the tetroxychloride, V^O^CP, in a stream of carbon dioxide, 
is a dark green, amorphous powder. Insoluble in water, easily soluble in alkalis and in 
acids. When exposed to the air it gradually absorbs oxygen and is converted into 
the pentoxide. 

The hjdratey V'0^7H'0, prepared by careful precipitation of the sulphate or clilo- 
ride, and filtered and dried out of contact with the air, forms a black amorphous mass 
having a vitreous fracture. It unites with bases, forming salts called Hyp o vana- 
dates, and with acids, forming the Vanadyl Salts. 

Hypovanadates. The potassium salt, (V-O'O’X^O + 7H-0, forms dark brown, 
shining crystals, easily soluble in water, nearly insoluble in potash-ley, quite insoluble 
in alcohol. The sodkm salt, (V-0‘‘)-Na20 + 7H-0, exhibits precisely similar cha- 
racters. The ammonium salt, (V20-*)-(NH'‘)20 -i- 3H-0, is a brown crystalline mass. 
The barium salt, (V‘-0-*)-BaO, is obtained as a yellow-brown precipitate on adding 
barium chloride to a solution of V^O'^OP. The lead salt, V^OhPbO, is a brown pre- 
cipitate ; the siher salt, V'-O'SAg^O, a black crystalline powder (J. K, Crow, Ciiem, 
Soc. J. XXX. 453). 

Vanadyl Salts (Crow, loc. cit. ; G-erland, Ber. ix. 869, x. 2109). Trisulphate, 

V^O"* 3SO^. This salt forms two hydrates, one soluble, the other insoluble, {a) The 

insoluble hydrate, V^OISSO^* + 4H20, is prepared by treating a solution of the pentoxide 
in sulphuric acid with reducing agents, such as sulphurous acid, oxalic acid, hydro- 
chloric acid, or alcohol, and evaporating, whereby a blue syrup is obtained, which on 
further heating, or better on addition of strong sulphuric acid, deposits the sparingly 
soluble hydrate in light blue, very slender needles, which may be purified by pouring 
off the mother-liquor, mixing them with water, avoiding all rise of temperatiue, and 
washing them on a filter with cold water, or- better with dilute alcohol. These 
crystals dissolve but very slowly in cold water, and even more slowly in dilute alcohol, 
but are quickly dissolved by hot water. On exposure to the air they deliquesce to a 
blue mass having the consistence of honey, {b) More soluble hydrate, V-OlSSO^ 
+ 15H^O. This hydrate is obtained by treating the concentrated solution of the above- 
described crystals with strong alcohol and repeatedly kneading the precipitate with 
fresh quantities of alcohol ; it then forms a transparent waxy mass, which is not 
altered even by prolonged sojourn over strong sulphuric acid. The aqueous solution 
of either of these hydrates mixed with ammonium vanadate assumes a dark green 
colour, and remains clear at ordinary temperatures, but on boiling deposits a black 
precipitate, which adheres closely to the sides of the vessel, forming a hard specular 
crust, the solution at the same time becoming lighter in colour. Sodium phosphate 
produces in the same solution a greenish-blue precipitate, easily soluble in excess of 
the reagent and in acetic acid Normal potassium chromate forms a yell w-brown 
precipitate. Vanadyl trisulphate unites wdth potassium sulphate, forming an easily 
soluble double salt, V-O^SSO^ + K^SOh which dries up over sulphuric acid to -a clear 
syrup, and separates after some time in the form of a light blue powder (G erland). 
A hexhydrate, V“0^,3S0* + 6H“0, is formed on evaporating the blue solution obtained 
by reduction of vanadium pentoxide dissolved in strong sulphuric acid (Crow). 

Bisulphate, V-0*,2S0®. — This salt is known in two modifications — one soluble, the 
other insoluble, in cold water. The insoluble modification is formed on heating a 
solution of vanadium tetroxide in excess of sulphuric acid for several hours to the 
boiling point of sulphuric acid, and separates as a heavy microcrystalline powder, having 
a light grey-green colour. It is quite insoluble in cold water, and acquires a faint 
blue colour on prolonged boiling with water, more quickly in presence of hydro- 
chloric Ca sulphuric acid. By prolonged heating at 400° it acquires a pure greenish- 
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Hue colour, and is converted, without change of composition, into the soluble modifi- 
cation. In this state the salt dissolves completely when heated with water in sealed 
tubes at 130°, forming a deep blue solution, which, when evaporated over sulphuric 
acid, leaves a hard, resinous, transparent mass ; and this, when moistened with dilute 
alcohol, changes in the course of a few weeks into a conglomerate of fine blue radiate 
crystals, having the composition V^O'^jSSO® + 7H“0, and identical with the salt which 
Crow obtained by the action of alcohol on the trisulphate {Chem. 8oq, J. xxx, 453), 
The crystals, when exposed to moist air, swell up considerably, absorbing 6 mol. H®0 
more, and even deliquesce in a very damp atmosphere, but effloresce and turn white 
in dry air. A decahydrate, V®0^2S0®-|- lOH^O, separates in groups of deep blue 
crystals an inch long from the solution of the preceding hydrate, when left to itself 
for a month ; it is also formed on moistening the amorphous sulphate with water, 
Of the 10 mol, water of crystallisation five are given offl very quickly at 100°, two 
more slowly, while the last three cannot be driven ofif even at 130° (Gerland, Bet. x. 
2109). 

Acid Vanadyl Sulphates . — Crow {Chem, Bog, J, xxx. 455), by dissolving vanadic 
oxide in strong sulphuric acid, and reducing the solution with sulphurous acid, ob- 
tained an acid vanadyl sulphate as a light blue crystalline powder, having the compo- 
sition V^O^SSO® + 6H^O or Y20't,2SO®,H®SO‘‘ + 5H®0. G-erland {loc, cit.) has prepared 
two more of these salts. A solution of vanadium tetroxide in excess of sulphuric 
acid deposits an abundance of small blue transparent crystals, grouped in crusts ; 
they are very deliquescent, and in contact with water, alcohol, or ether are thrown into 
rapid movement, and either dissolve or are converted into small silvery scales, which, 
when strongly magnified, appear as square plates or groups of cubes. The composi- 
tion of the crusts appears to be represented by the formula V20^2S0®,H2S0‘^ + 3H®0 ; 
that of the scales by V2Q4 2SO®,H®SO'‘ + 2H^O. This last compound is formed in 
larger quantity when a solution of the tetroxide in a large excess of sulphuric acid is 
heated at 140°-160°, and it may be safely assumed to exist ready-formed in the 
crusts above-mentioned. This acid vanadyl sulphate, like many other vanadium com- 
pounds, possesses in a high degree the property of carrying down other soluble salts 
with it (Gerland). 

Vanadic SulptiateSf or Sulphates of Vanadium Pentoxide (Gerland, 
xi. 98; Chem. News, xxxvii. 127, 138). The pentoxide dissolves in sulphuric 
acid more or less readily, according to the manner in which it has been prepared, the 
fused oxide dissolving more slowly than that prepared by the ignition of ammonium 
vanadate. The trisulphate, V®0*,3SO®, is prepared by dissolving vanadic oxide in 
excess of sulphuric acid at a low temperature, the excess of sulphuric acid being 
afterwards removed by heating in an air-bath at 200°. The dry residue thus obtained 
is covered on the surface with a green compound, V®0®,2S0‘^, which is insoluble in 
water; and under this is the red ciystalline compound, V®0^3SO®. This latter salt 
absorbs water from the air, forming a red syrup, which, on addition of water, is de- 
composed, vanadic acid separating out. The separation of the two above-named 
sulphates is effected by heating the mixture with dilute nitric acid, V20®,2S0^ remain- 
ing undissolved. 

V®0®,3SO® is also formed by boiling the pentoxide in sulphuric acid, and separates 
in ruby-red transparent octohedrons ; but if the boiling be continued for some time, it 
crystallises in golden-yellow needles. The simultaneous formation of V20®,2SO^, and 
the rapidity with which the trisulphate absorbs moisture, render its preparation and 
analysis difficult. 

Solutions of in excess of sulphuric acid, heated for some time at 130°-150°, 
yield an opaque red crystalline crust, which Tritsche regarded as Y®0\H®0,2S0® 
{Jahresh, 1851, 35), but which, according to Gerland, is an impure anhydrous bisul- 
phate, V®0®,2SO®. This hasio sulphate is, however, more readily obtained by heating 
the normal salt (V®0^3S0®) at the temperature of melting lead, until sulphuric 
anhydride ceases to be expelled. Thus prepared, the basic sulphate is a red crystal- 
line mass, deliquescing in moist air to a brown solution, which, on dilution with 
water, yields a precipitate of vanadic oxide. 

Dialysis of a Solution of Vanadic Acid in Sulphuric Acid.— I . When a solution of 
V-0® in hot sulphuric acid is diluted with water, and dialysed into water, sulphuric 
acid at first diffuses out rapidly, and a solution is left m the dialyser, containing 
vanadic acid and sulphuric acid in the proportion of 3 molecules of the former to 
1 molecule of the latter. If the diffusion be continued for some time, the dialysed 
product contains vanadic acid and sulphuric acid in the proportion of 2 molecules to 
1 molecule, 

2, When a solution of in cold sulphuric acid is dialysed into we^er, the 
sulphuric acid diffuses out, and vanadic acid separates in the dialyser, whilst the liquid 
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contains sulphuric and vanadie acids in the proportion of 1 molecule to 1*32 molecule. 
This difference in the two cases appears to he due to the fact that the cold solution 
contains only a molecular compound of and whilst the solution prepared 

hy the aid of heat contains the atomic compound V^O-(SO^)^. 

Double Calculated quantities of V20'(S0'‘)3 andK-SO^ dissolved in water 

and mixed, yield, on heating to a blood heat, amber-coloured crystals, grouped in trans- 
parent or turbid nodules. The crystals have the composition K-0,V^0^2S0®-|- 6H‘^0, 
and are decomposed by water, with liberation of vanadic acid as a brown mud con- 
taining some potassium. 

Ammonium sulphate forms a double salt similar to the potassium double salt, 
having the composition (NH'‘)^0,V-0®,2SO^ -f 4H-0. It crystallises in nodular masses 
formed of needles grouped together, and dissolves in water without separation of 
vanadic acid. The sulphates of sodium and magnesium do not form double salts with 
vanadic sulphate. 

Metavanadie Acidy VO^H. — Gerland {Cheni. News, xxxiv. 2) prepares this acid by 
mixing a cold saturated solution of copper sulphate with a strong solution of ammo- 
nium chloride in large excess, then adding ammonium vanadate in saturated solution 
till a permanent precipitate appears, and slowly heating the mixture to 75°, when 
gold-like scales of vanadic acid form and continue to do so for some hours. The pre- 
cipitate is collected, treated with dilute sulphuric and sulphurous acids, then washed 
with water and dried, but it still retains traces of ammonia. Metavanadic acid may 
also be obtained by precipitating ammonium vanadate with a copper salt, separating 
the precipitated cupric vanadate, and warming the remaining solution. The acid 
thereupon separates and may be purified from copper by hydrochloric acid. 

Metavanadic acid is highly hygroscopic, suffers no change at 160°, but loses its 
water at higher temperatures. The filtrate from the copper vanadate, if kept for ten 
days, remains clear on boiling. The original liquor evaporated in a thin layer at low 
temperature, leaves a crystalline residue, forming with cold water a clear solution 
which, when heated to 75°, deposits metavanadic acid in scales. 

Vanadates. The following vanadates have been examined by J. A. Korblad 
(5er. vih. 126). 


. . . lenticular crystals. 

K-0, V“0® 2HO , capillary needles. 
2K20,V20® -f- 3il“0 . monoclinic. 
K20,2V“05-f-4fI20 orange red. 
2(K^O,2V^O®) 4- 7H-0 laminae having a 
golden lustre. 

E:20,3V20^ 


Z20,3y205 + 6H20 . . insoluble. 
Nsi^0,Y‘^0\ 

Ka‘‘'0,V20' + 4H20. 
2Na-’0,3V205-i-9H''^0. 

Na“’0,3VW + 9H20. 
Li20,2VW+9H20. 

(hrH‘‘)20,3V“0®. V. Hauer’s salt with 
6H“0 (v. 990) was not obtained. 


Ammonium VMiadate . — This salt, when precipitated by ammonium chloride 
from a solution of sodium vanadate, is obtained pure and free from fixed alkali, 
whereas when a potassium salt is used, a certain portion of potassium vanadate 
always goes down with the precipitate (G-erland, CJmyi. News, xxxvi. 29). 

The reactions of ammonium vanadate with various organic substances of technical 
importance have been examined by R. v. Wagner (JDmgl, pol. J, ccxxiii. 631). 

With tannin-solution this salt forms a blue-black ;^recipitate, which remains sus- 
pended in the' liquid for several days, making it like ink. A similar precipitate is 
formed with gallic acid, but it settles down more quickly. Dyrogallol forms no pre- 
cipitate, but a deep black-blue liquid excellently adapted for use with steel pens. 
Madurin in aqueous solution also forms a deep black liquid with a greenish tinge ; 
catechol reacts in like manner. Kmmatoxylin yields a deep black-blue liquid, which 
may be used as ink. With solution of logwood-extract and ammonium vanadate, a fine 
black colour may be produced on wool or silk, by the usual dyeing process for woad- 
or chrome-black, the chromate being replaced by vanadate. Extract-solutions of 
Brazil-wood produce with the vanadate at boiling heat a black-brown dyeing liquid ; 
pure brazilin acquires only a dark violet colour. A decoction of fustic forms with 
the vanadate a blackish-green ink. The vanadate solution produces no coloration 
with phenol, salicylic acid, resorcinol, quinol, caffeine, eosin, or fiuorescein. Lastly, 
Wagner recommends ammonium vanadate for detecting the addition of tannin to red 
wines, which when thus adulterated produce inky liquids, whereas with pure wines 
only red-brown colorations are obtained. 

Silver Vanadates , — An octovanadate, Ag^W^O^®, is obtained as a dark yellow 
preeipimte on adding silver nitrate to a solution of the corresponding sodium salt. 
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Sp. gr. = 5'67 at 18°. One part of it dissolves in 21,414 pts. vater at 14°, in 13,617 
pts. at 160°. 'pyro'tianadatei is obtained, likewise by precipitation, feom 

the corresponding sodium salt. 

Sodium Vanadates . — ^The octovanadate, Ag^-V^O^®, with. 4 or 12 mol. H-0, is 
formed by fusing 6 mol. sodium carbonate with 4 mol, vanadium pentoxide. On dis- 
solving the melt in water, evaporating the solution to a syrup, and leaving it at rest 
for some time, the salt is obtained as a crystalline mass slightly soluble in cold water 
(Carnelley). 

Thallium Vanadates. (Carnelley, Chem. Soc. J. xxvi. 323), — These salts 
for the most part differ greatly in character from the phosphates of the alkali-metals 
and of thallium, and are more nearly allied to the vanadates of silver and lead. 
Thallium orthovanadate^ TPVO^, is formed by fusing together at a moderate heat 
3 mol. thallium carbonate and 1 mol. vanadium pentoside, a red mass being thereby 
produced, which yields a light brown powder. The salt has a sp. gr. of 8*6 at 17° ; 
it is but slightly soluble in water, although it is the most soluble of all the thallium 
vanadates. It dissolves in 999 pts. water at 15°, and in o74 pts. at 100°. The 
'pyrovanadate^ Tl^V^Ob is obtained as a light yellow precipitate on mixing the cold 
solutions of thallium sulphate and sodium orthovanadate, the liquid at the same time 
becoming strongly alkaline : 

2TPSO" + 2Na3VO^ = TPV^q^ + + Na^O. 

The same salt is formed by fusing 2 mol. thalliuih carbonate with 1 mol. V-0^ or 
2 mol. thallium carbonate with 1 mol. thallium octovanadate : 

2T1-C03 + TP2VS02® = 4T14V20^ + 200^. 

Ihallium pyrovanadate is a light yellow or cream-coloured powder; the sp. gr. of the 
precipitated salt at 18*5° is 8*21 ; that of the salt obtained by fusion is 8*812 at the 
same temperature. 1 pt. of the salt dissolves in 4,996 pts, water at 14°, and in 
3,840 pts. at 100°. Thallium octovanadate^ 'Pli2ys026 qj. sTI-OAV-O^ analogous to 
Pleitmann a. Henneberg’s sodium octophosphate (v. 537), is prepared by boiling a 
solution of sodium pyrovanadate, leaving it to cool, and then adding a cold solution 
of thallium sulphate as long as a precipitate is formed. It has a great resemblance 
to silver chloride, but changes on standing, especially if the precipitate be stirred, 
into a fine dense yellow powder. The filtrate contains caustic soda, so that the re- 
action may be represented by the equation : 

eTPSO^ + 4Na'‘V20^ = + CNa^SO^ + 2Na20. 

Sp. gr. 8*59 at 17‘6°. 1 pt. of the salt dissolves in 3,406 pts. water at 8*59°, and in 
3,533 pts. at 100°. Thallium dLecavanadate^ TP‘-^V^®0^h is formed on adding thallium 
sulphate to a boiled and cooled solution of sodium pyrovanadate containing an excess 
of vanadium pentoxide, and separates as a white precipitate, becoming light yellow 
on addition of a larger quantity of thallium sulphate. The filtrate contains free soda. 
The salt forms a light yellow powder, having a sp. gr. of 7*86 at 17°. One part 
of it dissolves in 9,372 pts. water at 11° and in 3,366 pts. at 100°. Thallium meta- 
mnadate, TIVO^ obtained by fusing 1 mol. thallium carbonate with 1 mol. V-0®, 
is a dark- coloured, scaly, crystalline mass, yielding a slate-gi’ey powder. Sp. gr. 
6*019 at 17°. One part dissolves in 11,534 pts. water at 11°, and in 4,756 pts. at 
100°. Tetradecava^iadate, TPV^'‘0‘*b When thallium sulphate is added to a solution 
of ammonium metavanadate, a yellowish precipitate is formed, which gradually be- 
comes darker, and changes on standing into a dirty white crystalline powder, which on 
addition of more thallium sulphate, or spontaneously after some time, acquires a 
reddish colour. This product is the tetradecavanadate. The same salt is obtained on 
adding an excess of thallium sulphate to a solution of the decavanadate. 

Native Vanadates, Mottramite, a basic vanadate of copper and lead, occurring 
in crystalline or amorphous incrustations on the keuper sandstone of Alderley Edge 
and Mottram St. Andrews, Cheshire, has been analysed by H. E. Eoscoe {Troc. Boy. 
Soc. XXV. 111). The layers, which are for the most part only 3-4 mm. thick, and 
the more rarely occurring lumps of the size of a walnut, are either red-brown, opaque, 
and massive, or are made up of very small needles, black by reflected, yellow by 
transraittt'd light. The direct results of analysis are given under Nos. 1 and 2, the 
mean under No. 3 ; No. 4 gives the corrected values, after deduction of adventitious 
constituents, and No. 5 the values calculated from the formula 

(Pb,Cu)W208 + 2(Ph,Cu)(OH)2. 
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VANADIUM. 


v=0“ 

PbO 

CaO ; 

PeO,ZnO,MuO CaO 

MgO 

H“0 

H“OC) 

SiO» 

1 (found) 16*78 

50*49 

16*72 

2*52 

2*61 

0*37 

3*63 

0*22 

0*87 = 97*21 

2 „ 17*49 

51*45 

18*48 

2*52 

1*64 

0*16 

3*63 

0*22 

1*25 = 96*84 

3 (mean) 17*14 

50*97 

19*10 

2*52 

2*13 

0*26 

3*63 

0*22 

1*06 = 97*03 

4 (corr.) 18*87 

56*12 

21*02 

— 

— 

— 

3*99 

— 

— = 100 

5 (calc.) 18*74 

57*18 

20*39 

(0 Hygroscopic. 


3*69 


— =100 


Another vanadate of copper and lead, called Fsiitacinite^ occurs in finch-green, 
occasionally hotryoidal crusts on quartz, accompanying gold, cerussite, copper-pyrites, 
and brown haematite, in several mines of the Silver Star District, Montana, especially 
the Iron Eoad and New Career mines. Its analysis by F. A. Grenth {Sill. A 771 . J. [3], 
xii. 35) leads to the formula 3(3PbO,V^O®)-f-3CuO,VW + 6(Cu0,H^’0) + 12H’^0, the 
values calculated from which are given below (No. 6) : — 



PbO 

CuO 

yaO* 

H“0 

SiO“ 

AFO* 


MgO 

OuO 

1 (found) 

41*36 

14*34 

14*64 

7*42 

15*13 

1*29 

2*72 

undet. 

undet. 

2 „ 

50*17 

16*66 

19*05 

undet. 






3 

42*89 

14*72 

15*87 

undet. 

10*10 

3*83 

2*19 

6*65 

0*15 

4 „ 

27*12 

9*75 

9*96 

imdet. 



48*84 



5 

6 (calc.) 

42*38 

15*03 

15*77 

7*25 

15*57 


4*00 


53*15 

18*95 

19*32 

7*58 

— 

— 

— 

— 

— 


Volhorthite^ a vanadate occurring afWoskresowskoi, in thegovernment of Perm, 
Russia, as a crystalline coating on the granules and in the cavities of an argillaceous 
quartz-conglomerate, has been analysed by G-enth {Zeitschr. f. Kryst. ii. 12), who 
refers the analyses (1 and 2), after deduction of impurities, to the formula 
(|Ba,f Ca,|Cu)®V~0® -{- 3CuH"0 -f- 12 H 2 O (No. 3), closely related to that of psittacinite. 

( 2 ) 

(3) - - - 

(^) Determined by difference. 

Boscoelite, — This name has been given by J. Blake {Sill, Am. J. [3], xii. 31) to 
a mineral found in a gold-mine at San Francisco, where it serves as a matrix for gold. 
It occurs in radiating and foliated talc-like masses, filling cavities in a schistose por- 
phyry. It is of a greenish-grey colour, opaque when seen in mass, but translucent in 
thin splinters. Lustre subvitreous to fatty ; hardness about equal to that of talc ; 
specific gravity =2*902. 

Two analyses gave the following results : — 


SiO® 

Al^O® 

Fq=0“ 

MgO 

CuO 

CaO 

BaO 

Y^O® 

H»0(0 

1*38 

4*45 

1*77 

3*01 

34*04 

4*29 

4*29 

13*62 

33*15 

1*36 

4*78 

0*45 

1*42 

38*01 

4*49 

4*30 

13*59 

31*60 

— 

—■ 

— 

— 

38*41 

6*77 

6*17 

19*63 

29*02 



SiO= 

V“0“ 

Al^'O’ 

Fe’^O'* 

Mn"0=* 

MgO 

CaO 

K“0 

Na“0 

H=0 

(1) 

41*25 

28*85 

14*34 

1*04 

1*45 

1*96 

*61 

8*25 

0*72 

0*94 

(2) 

— 

28*36 

13*94 

1*23 

0*85 

2*06 

*62 

8*87 

0*92 

1*22 

Mean 

41*25 

28*60 

14*14 

1*13 

1*15 

2*01 

*61 

8*56 

082 

1*08 


These numbers lead to the formula 2(AP0^V20^) + 2K20,9Si02 + H20 or 
4Al'V’0'*-}-K‘‘Si®0^®-{-H“0, a portion of the alumina being replaced by the sesquioxides 
of iron and manganese, and a portion of the potash by lime, magnesia, and soda 
(Roscoe, Froc. Boy. Soc. xxv. 109). See also Genth, Chem. News, xxxiv. 78 ; Chem. 
Soc. J. xxxi. 175 . 

pLuoEOxrvANADATEs (H. Baker, Che77i. Soc. J. xxxiii. 388). Laminar Fotassium 
Muoroci^vaiiadaU, 6KF,V20®,2V0F^ + 2H20, is obtained by dissolving vanadium 
pentoxide in acid potassium fluoride, the dissolution being attended with rise of 
temperature, and separates from the liquid on cooling in yellow crystalline spherules 
made up of groups of small hexagonal tablets. Its aqueous solution has a deep 
yellow colour. 

The needle-shaped potassium salt, 3IIK!F2 2VOF®, is formed on dissolving the 
preceding salt in warm aqueous hydrofluoric acid, and separates in tufts of long 
slender needles, which smell of hydrofluoric acid, attack glass quickly, and are decom- 
posed with effervescence by cold sulphuric acid. 

Ammonium WlTwroxymnadates are easily formed by dissolving vanadium pentoxide 
Jn acid ammonium fluoride. The solution, if rich in vanadium, does not crystallise on 
standing but on addition of an excess of hydrogen -ammonium fluoride deposits 
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faintly yellowisli, nacreous, translucent, extremely thin hexagonal laminae of Laminar 
Ammonium Fluoroxyvanadate, Its aqueous solution, mixed with a larger quantity of 
hydrogen-ammonium fluoride, yields a light yellow crystalline precipitate of pyra- 
midal Ammonium Fluoroxyvanadate. This salt has a yellow colour, very much like 
that 'of potassium monochromate, and approximates in crystalline form to the regular 
octohedron, hut its behaviour to polarised light shows that it does not belong to the 
regular system. By dissolving it in warm hydrofluoric acid, and leaving the solution 
to cool, NeedU’Shayed Ammonium Fluoroxyvanadate^ 3(NH'‘)HF2,3VOF®, is obtained 
in light yellow needles or prisms, which smell of hydrofluoric acid when dry, effervesce 
with cold sulphuric acid, and when laid on glass acquire a reddish colour, with sepa- 
ration of vanadic acid. Ammoniim Fluoroxyhyyovanadate, 2NH^F,VOF^ is obtained 
by adding hydrogen-ammonium fluoride to vanadium tetroxide prepared by passing 
hydrogen sulphide into a solution of the pentoxide in hydrofluoric acid. It then 
separates in clear blue monoclinic crystals, exhibiting the combination oo F . OP. often 
with an indication of +P. Axial ratio, a: b = 0’9653 : 1. Axial angle, 38° 2'. The 
aqueous solution is precipitated by alcohol. The salt is not attacked by cold sulphuric 
acid. 

Zinc Fluoroxyvanadate, ZnF^ZnO,2VOF® + l'4H-0, is formed on dissolving 
zinc carbonate and vanadium pentoxide in the calculated proportion in hydro- 
fluoric acid, and separates on evaporation in hard yellow monoclinic prisms, 
ooP . copcx) . cop GO . OP . -f-Poo, and having approximately the axial ratio 
a \ b I c — 0*93 : 1 : 0*83, and the axial angle 46°. On exposure to the air it decom- 
poses slowly, becoming covered with a brown to light red film. 

VAXarXXiliA.. Tiemann a. Haarmann {Ber, 5x. 1287) have found the following- 
proportions of vanillin in different sorts of vanilla: Mexican, 1*32 to 1-86 per cent.; 
Bourbon, 0*75 to 2*9 per cent.; Java, 1*,56 to 2*75 per cent. These vanillas also 
contain vanillic acid, a small quantity of fat, and a resin having a very faint odour. 
The benzoic acid, said by former investigators to be present in vanilla, was pro- 
bably vanillic acid. The aroma of the vanillas above-mentioned is due entirely to 
vanillin. The West Indian variety called vanillone exhibits different characters, its 
odour strongly resembling that of a dilute solution of piperonal. It contains ifrom 
0*4 to 0*7 per cent, vanillin, to which there obstinately adheres an oily substance, 
probably another aldehyde ; the oil absorbed from it by bibulous paper smelt not like 
piperonal, but like bitter almond oil. The vanillic acid prepared from vanillone was 
contaminated with another substance, probably benzoic acid. The heliotrope-like 
odour of vanillone is perhaps due to vanillin mixed with a small quantity of benzal- 
dehyde. The aqueous extract of vanilla pods previously exhausted with ether reduces 
Fehling’s solution, and deposits on boiling a yellow resin : hence it is probable that 
the water extracts a glucoside which is concerned in the formation of the vanillin. 

On the origin of vanilla, its commercial varieties, and their preparation for the 
market, see Pharm. J. Trans., 1874. 

On the estimation of Vanillin m Vanilla, see p. 306. 

VAmZiIiXC or IVIETKYIiPKOTOCiiTECKiriC ACXB, 

1 3 4 2 3 4 

= C«H3(C02H)(OCH«)(OH), and IsovanilUc acid, C«H3(C02H)(OH)(OOH3). See 
Benzoic Acids (Dioxy-), p. 289, and Peotocatbchoic Acid, pp. 1691-1693. 

Vanillic acid may be obtained by oxidation of creosol, (p. 580). Pure 

creosol (b. p. 220°) is converted by boiling with acetic anhydride into acetyi-creosol 
(b. p. 245°) ; this latter compound suspended in dilute acetic acid is treated with 
solution of potassium permanganate (1 : 10) ; and the liquid, filtered from manganese 
dioxide, is mixed with a slight excess of caustic soda (to decompose aceto- vanillic 
acid), then concentrated, acidulated, and agitated with et-her, which takes up the 
vanillic acid (Tiemann and Mendelsohn, Ber. ix. 417). 

AlplialiomovaniXlic Acid, and its Derivatives (Tiemann a. ISTagai, 

Ber. X. 201). 

Acet-alyhahomovanillic acid, C®H^(OCB[®)(OC'-H^O).CH“.COOH, is formed, 
together with acetovanillic acid, on adding gradually a wai'm solution of 50 grams of 
potassium permanganate in 2,000 c.c. of water to a solution of 15 grams of aceteu- 
genol (p. 762) in 20 c.c. of glacial acetic acid. It crystallises in transparent prisms, 
which dissolve easily in boiling water, alcohol, and ether, and melt at 140°. When 
heated above its melting point for some time, it gives off acetic acid, and yields 
alphahomo vanillic acid. By prolonged fusion with potassium hydrate, it is converted 
into protoeatechuic acid. Its solution in acetic acid is converted by oxidation with 
potassium permanganate into acetovanillic acid. « ^ 

Mykahomovanillic acid, C‘’‘H^(OCH®)(OBl).CH*.COOH, is formed, as above 
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stated, when a solution of acet-alphahomovaniilie acid in soda-ley is heated for some 
time. It crystallises from boiling water or benzene in distinct hexagonal prisms, 
which melt at 142^-143° and dissolve easily in alcohol and ether. Its aqueous solu- 
tion is coloured green by ferric chloride. The acid forms crystallisable and easily 
soluble ammonium, sodium, calcium, and barium salts, and sparingly soluble lead, 
silver, and zinc salts, in which the hydrogen of the carboxyl-group of the acid is re- 
placed by the respective metallic radicles. It appears also to form another class of 
salts, in which the hydrogen of the hydroxyl in the benzene-residue is likewise 
replaced, but these are obtained with difficulty. Solutions of the alkali-salts do not 
reduce Fehling’s solution. 

Creosol (homogitaiacol), C®II^(CH®)(OCH®)(OH), one of the constituents of beech- 
wood-tar, is formed by elimination of carbon dioxide, when the calcium salt of 
alphahomovanillie acid is mixed with calcium hydrate and sand, and submitted to dry 
distillation. It is more easily obtained in the pure state by this process than by 
treatment of the tar, which yields it only with extreme difficulty. 

Al'phcihomog>roiocatec7iuic add, C'*H^(OH)-.CH2.COOH, is formed when alphaho- 
movanillic acid is heated to 170^^-180° with dilute hydrochloric acid in sealed tubes. 
It crystallises in brilliant transparent needles, which melt at 127° and dissolve 
easily in water, alcohol, and ether. It yields well-characterised crystallisable salts 
by substitution of metallic radicles for the hydrogen of the carboxyl-group. Basic 
salts also are formed by the further replacement of hydrogen in the hydroxyl-group, 
but they appear to he unstable. 

The calcium salt of alphahomoprotocatechuic acid, when distilled with calcium 
hydrate, yields homocatechol, C®E[^(CH^)(OH)% a thick, colourless, uncrys- 
tallisable liquid which dissolves in water, alcohol, ether, and benzene, and in its 
chemical properties closely resembles catechol. 

1 3 4 

VAXnx.X.Xir, 082808 = C».C0H.H.0CH3.0H.H‘^._ Methyl-protocatechdc Alde- 
hyde (p. 305). — This compound is a constituent of Siamese benzoin. To prepare it 
therefrom, 2 pts. of the finely pulverised resin are stirred up to a paste with 1 pt. of 
slaked lime, and 12 pts. of boiling water are added with constant agitation. The 
acidulated solution, separated from benzoic acid, yields to ether (together with a 
little more benzoic acid), vanillin, and a compound which dissolves with yellow colour 
in alkalis. The vanillin is purified by means of sodium bisulphite. It crystallises 
remarkably well from light petroleum boiling at 90°. It melts at 81° (Jannasch a. 
Eump, Ber. xi. 1634). 

VAlfflX.X.OBIACBTOia'AMmz:, (Heintz, Liebig's Annalen, 

csciv. 53). This base is obtained by boiling together equal parts of vanillin and acid 
diacetonamine oxalate in 10 pts. alcohol, whereupon a fine powder separates, consist- 
ing of neutral vanillodiacetonamine oxalate, which may he separated from admixed 
ammonium oxalate hy boiling with a small quantity of water. The free base 
separated from the solution of this salt by sodium carbonate is a thickisli, yellow- 
green, uncrystallisable oil, which dissolves with yellow colour in ether and alcohol 
and has a strong alkaline reaction. The sulphate forms small thin rectangular or 
octagonal anhydrous laminse, insoluble in absolute alcohol, slightly soluble in dilute 
alcohol, more freely in boiling water. The hydrochloride forms granular masses 
composed of slender needles ; it dissolves easily in alcohol, and is separated from the 
solution by ether in small spherical granules destitute of crystalline structure. 
With platinic chloride it forms a brown* red glutinous precipitate of a platinochloride, 
which dissolves in hot alcohol hut does not crystallise therefrom. The nitrate forms 
small geodes of prismatic crystals or rectangular plates, moderately soluble in alcohol, 
not readily in water. When heated it melts, turns brown, frotbs up, and gives off 
yellow vapours. By boiling with strong alcohol it becomes anhydrous and then 
forms a white powder. The crystallised salt contains 1 mol. water, which is easily 
expelled at 100°. The anhydrous salt is less soluble in alcohol than the hydrated 
salt. The normal axalate (supra) forms a white powder or yellowish crystalline 
crusts, slightly soluble in water, insoluble in alcohol and ether. 

VAirZX.Xi'Sri. AZiCOHOXt, C8H^0O8 = C8.CB:2OH,H.OOHbOH.H2 (pp. 305, 
1692). 

VAPOtrSL’-lDI&ZiirsXTY'. Numerous methods of determining vapour-densities 
have recently been proposed, but the only one that need be described in detail is that 
of Y. and C. Meyer (Eer. x. 2253). This method consists in dropping a weighed 
quantity of. substance into a heated bulb, and calculating the result from the volume 
-^f air disf/laced. The apparatus used is represented in figs. 60, 51. The bulb is a 
cylindrical vessel of about 100 c.c. capacity, with a height of 200 mm., to which is 
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fused a tube 600 mm. long and 6 mm. diameter, and terminating above in a tliimble- 
sbaped enlargement. The side exit-tube, which is 1 mm. diam. and 14:0 mm. long, 
is bent at an angle downwards, recurved at the end, and joined to the vertical .tube at 
a distance of 100 mm. from the top. For temperatures up to 300"^ it is heated in a 
glass tube 40 mm. diam. and 520 mm. long, which terminates below in a bulb of 
about 80 c.c. capacity (fig. 50). For higher temperatures the glass tube is replaced 
by a cylindrical iron vessel (fig. 51), 60 mm. diam. and 240 mm. high, containing 
melted lead. In this case the bulb must be protected by wire gauze. The mode of 
working is the following: — The instrument, into which a little well-ignited asbestos 
has been introduced, is fixed in position in the bath, the end of its fine tube dipping 
below the water in a small trough in which a graduated tube filled with water stiinds 


Fig. 50. Fig. 51. Fig. 52. 



inverted. A cork is now inserted into the enlargement at the top of the vertical 
and the extremity of the exit-tube is watched to see that the temperature in the bulb 
is uniform. The cork is now taken out, the little tube with the substance.is dropped 
in, and the cork is quickly replaced. The first few bubbles of air are not heeded but 
immediately afterwards the inverted tube is placed quickly over the pomt oi the 
delivery-tube. Very soon the substance is vaporised and displaces air, which issues 
in a rapid stream of bubbles into the graduated tube. As soon as the gas evolution is 
oyer the cork is removed, and the air collected is cooled and measured. The formula 
given is 

p _ weight of substa nce 
weight of air collected 

(It must, however, be observed that no allowance is made for the volume of the sub- 
stance.) For temperatures above a red heat the following method is employed (.^^^ 
xii. 1112) : — The substance is contained in a small cup made from the stem o- a l/utcn 
pipe. The vessel in which the determination is made is of glazed porcelain ; it is trst 
cautiously heated in an ordinary muffle furnace, and then transferred to a muffle heated, 
by a Perrot’s gas-farnaee (fig. 52). Before introducing the substance the air m the 

apparatus is displaced by nitrogen. i • i 

For the determination of the vapour-density of substances which attack porcelain 
at a red heat, Meyer a. Ziiblin [Ber, xii. 2204) use the following apparatus A por- 
celain tube (glazed inside and outside), 60 c.m. long, is placed vertically m the Perrot s 
eas-furnace, so that while the centre is heated the two extremities remain cold, into 
this tube is inserted the platinum vapour-density bulb. This consists of a cylinder 
225 mm. long by 26 mm. diam., to which is attached a platinum tube 400 mm, long 

L Meyer (Fer. xiii. 991) adds a contrivance for dropping the substance after the 
cork has been inserted. J. Piccard {Ber, xiii. 1079) has proposed another method of 
inserting the substance, and modified the arrangement for measuring the air. A new 
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lead bath for high temperatures is described by ‘Watson Smith {CJiem. Soc. J. 
1880, xxxix). 

The following are recently proposed modifications of Hofmann’s apparatus 
(vi. 1127): 

Grabowski (Ber. viii. 1437) uses naphthalene as the heating medium* Engler 
{ibid. ix. 1437) modifies the apparatus in such a manner as to avoid the occasional 
stoppage of the outlet tube. Hofinann (ibid. 1304) also has modified his apparatus, 
so as to diminish the risk of cracking the tubes and obviate the necessity of having 
the inner one graduated. Eriihl (ibid. 1368 ; Monit, soient. Jan. 1878, 14; Ber. xii. 
197) uses an inner tube 1*5 mm. long, and to eliminate the tension of mercury-vapour 
heats the column to the required temperature, notes the height, leaves it to cool, then 
introduces the substance, and heats it again to the same temperature. Muir a. Sugim-a 
(Chem. Boo. J. xxix. 140) insert short glass tubes into the india-rubber disc, to allow 
&ee egress to the mercury during the heating. Victor Meyer (Ber. ix. 1216 ; Monit. 
seient. Jan. 1878) uses fusible metal in a bulb with a curved outlet-tube attached to 
the bottom. His experiments were all made in the vapour of boiling sulphur. 
Perrenoud (Liebig's AnnaUn, clxxxvii. 77) heats the bulb in an oil-bath, while Hnecht 
{ibid. ceii. 31) and Graebe {Ber. xi. 1646) use a bath of boiling phosphorus penta- 
sulphide. Prerichs (Liebig's Annalen, clxxxv. 199) uses an inverted flask and brings 
the outlet through the bottom of the bath. Goldschmiedt a. Ciamician (Ber. x. 641 ; 
Monit. sdent. Jan. 1878) use mercury with the simpler bulb of V. Meyer, but add a 
small side-tube to the outlet. V. Meyer (Ber. x. 2068) modifios the shape of the bulb 
and heats it in a tube of sufficient length for the upper part to serve as a condenser. 
Thorpe (Chem. Soc. J. 1880, xxxvii. 147) makes the Hofmann apparatus much stronger 
and more compact, and controls the level of the mercury in the trough by means of a 
tube passing through the bottom and connected with a movable reservoir. Bell a. 
Teed {Chem. Boo. J. xxxvii. 576) eliminate the atmospheric pressure in Hofmann’s 
apparatus by attaching a side-tube, sealed at the top, which serves as a barometer. 

Modifications of Dumas’ method (v. 368) have been described by Habermann 
(Liebig's Aoi^ialen, clxxxvii. 341) and by Pettersson a. Chatrand (Ber. xiii. 1191). 

Boscoe (Broo. Boy. Soc. xxvii. 426) determines the vapour-densities of high-boiling 
substances, such as the chlorides of lead and thallium (pp. 1170, 1920), by volatilising 
them in a long-necked flask of glazed porcelain heated to bright redness in a muffle, 
the temperature of the flask being estimated calorimetrically by means of platinum 
weights, likewise introduced into the muffle, and the result checked by the simul- 
taneous heating of a second flask containing mercury. 

Pfaundler (2?cr. iii. 825; xii. 165) describes a method based on the increased 
tension of the air in an elongated bulb, consequent on the application of heat after the 
introduction of the substance under examination. Another method, depending on the 
same principle, is described by Dulong (Compt. rend. Ixxviii. 536). Hofmann (Ber. 
xi. 1684) proposes to heat the weighed substance over mercury in the closed limb of 
a V-tube ; he also describes a method based on heating the substance in a partially 
exhausted tube. 

An acoustic method of determining vapour-densities, founded on the tone produced 
in a tube filled with the vapour, as compared with that pi’oduced in the same tube 
filled with air, has been proposed by H. Goldschmidt (Ber. xiii. 770). 

Alleged Dissociation of Elements at High Temperatures. — Prom experiments on the 
vapour-densities of chlorine, bromine, and iodine at high temperatures made by their 
method above described, V. and C. Meyer {Ber. xii. 609, 1105, 1282) inferred that 
these elements undergo dissociation at high temperatures, the densities of their 
vapours being reduced to | of their normal values. This result appears to be 
established in the case of iodine, but in that of chlorine it has been admitted by 
V. Meyer himself to be due to some unexplained experimental error. See Carnelley 
(Ber. xii. 1836) ; Seelheim (zM. 2066); Lieben {ibid. 22b^') ■; Crafts (Ber. xiii. 423, 
776); V. Meyer (ihid.'sM. 2202; xiii. 813, 1010, 1103); Meier a. Crafts (Ber. xiii. 
851); Naumann {ihid. 1050); Troost (Compt. rend. xci. 54) ; Berthelot (ibid. ) 
Crafts (Ber. xiii. 1316) ; Deville a. Troost (Compt. rend. xci. 83) ; further, Chem. Boo. 
J. 1880, xxxviii. 214, 431-434, 606, 646, 788. 

J. T. B. 

VARISCXTE. This aluminic phosphate from Massbach, in Saxony, described 
by Breithaupt as amorphous (v. 994), is, according to Petersen (Jahrb.f. Min. 1871, 
353), crystalline, and contains: 

APO“ Pe=O"(0 CaO MgO H“0 

44-05 31-25 1-21 0-18 0-41 22*85 := 99*95 

(‘) With Cr=0». 

'These irambers agree with the formula Ar-0^,P20^ + 511-0, which is also that of 
turquoise. 
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A mineral from Montgomery County, Arkansas, liitlierto regarded as peganite, 
has been recognised by A. H. Chester {Sill. Am. J, [3], xiii. 295 ; xv. 207) asTariscite. 
It occurs in quartz, so intimately intergrown that it cannot be completely separated. 
It is emerald-green, bluish-green, or colourless, sometimes apparently amorphous, 
but occurs also in radio-fibrous spherules, and eTen in rhombic crystals 3 mm. in 
size, and exhibiting the combination ooP.ooI*oo.qo;?co. OP. Angle co P : oo P = 
114° 6'. 

Analyses. — 1. Amorphous variety. 2. Crystalline in both cases after deduction of 
quartz. " 3. Values calculated from the formula Al-O^jP^O® + 4H-0 : 




A1®0“ 

H=0 


1. 

43-96 

32-24 

23-80 = 

100 

2. 

44-76 

31-46 

23-80 *= 

100 

3. 

44-80 

32-49 

22*71 == 

100 


VATERXA. See Pijtby Tallow (p. 1630). 

VBG-BTAB3LE TXSStTES. The chemical study of vegetable tissues has 
hitherto received but little attention, and no general method, such as is used in 
mineral analysis, has been applied to their separation and estimation. Such a 
method has, however, lately been devised by Pr^my {Compt. rend,. Ixxxiii. 1136), and 
the following bodies have been thereby distinguished in the principal tissues of vege- 
tables: Cellulose bodies (cellulose, paraceliulose, metacellulose), Vasculose, Cutose, 
Pectose, Calcium pedate^ Nitrogenous substances, and various mineral compounds. 

Cellulose Bodies. — In this class are included those bodies which dissolve without 
coloration in bihydrated sulphuric acid, (S0‘‘H-+H-0), producing dextrin and sugar, 
which are not sensibly altered by alkaline solutions, and resist for a long time the 
action of strong oxidisers. 

By means of the ammonio-cupric reagent, three varieties of cellulose may be 
distinguished : 

(1) Cellulose, which dissolves immediately in the cupric reagent, and forms a 
large part of cotton and of the utricular tissue of certain fruits. 

(2) Paraceliulose, which does not dissolve in the cupric reagent until after the 
action of acids ; it forms the utricular tissue of certain roots and' the epidermis of 
leaves. 

(3) Metacellulose (fungin), insoluble in the cupric reagent even after the action 
of acids ; found chiefly in agarics and lichens. 

In the analysis of vegetable tissue, the first variety of cellulose is determined 
directly by means of the cupric reagent, the second in the same after being submitted 
to the action of acids, and the third is dissolved in bihydrated sulphuric acid. When 
it is not required to distinguish these three bodies, the whole may be dissolved in the 
sulphuric acid. 

Vasculose. — This substance constitutes the larger part of the ducts and spiral 
vessels ; it generally accompanies cellulose in plants, but differs completely from it 
in composition and properties. It contains more carbon and less hydrogen than 
cellulose ; and is the material which cements the fibres and cells together. It may be 
said to form the heavy part of woody tissue ; it abounds in hard wood and in the 
stony concretions of pears ; the shells of nuts and the stones of apricots contain more 
than half their weight of vasculose. 

Vasculose is insoluble in sulphuric acid, and in the ammonio-cuprie reagent, also 
in alkalis under ordinary circumstances, but when heated with alkalis under pressure 
it dissolves easily ; it also dissolves in oxidising agents. Vasculose can be separated 
from cellulose by sulphuric acid or by the cupric reagent ; but if it is intended to 
weigh the cellulose, the vasculose must be dissolved in dilute nitric acid. 

Cutose constitutes the fine transparent membrane which covers the exposed parts 
of vegetables. It is insoluble in sulphuric acid, but dissolves in dilute solutions of 
the carbonates of potassium and sodium ; with nitric acid it produces suberic acid. 
It is separated from cellulose by the cupric reagent, and from vasculose by potash 
under ordinary atmospheric pressure. 

Pectose is insoluble in water, but is rendered soluble and transformed into pectin 
by dilute acids. It occurs in the utricular tissues of fruits and roots, and is estimated 
by heating with dilute hydrochloric acid, dissolving in water, and precipitating with 
alcohol. 

Calckm pectate forms part of the membrane which binds the cells together. It is 
estimated by treatment with dilute hydrochloric acid, which liberates pectic acid in 
the insoluble state ; this is dissolved in potash and reprecipitated by an acid. 

The nitrogemus bodies and the inorganic constituents are determined in the usual 
way. ^ 

VoL. VIII. 6 T 
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The following is a summary of the method of analysis : 

Cold dilute hydrochloric acid decomposes the calcium pectate. setting free the 
pectic acid, which is weighed as alkaline pectate. Boiling dilute hydrochloric acid 
changes the pectose into pectin, which is precipitated with alcohol. The ammonio- 
cupric reagent dissolves the cellulose. Hot hydrochloric acid renders paracellulose 
soluble in the cupric reagent. Sulphuric acid (bihydrated) dissolves the cellulose 
bodies. Hot dilute potash dissolves the cutose. Potash under pressure dissolves 
vasculose. Dilute nitric acid renders vasculose soluble in alkaline solutions. 

VBXiZSXiZfil.. The blue colouring matter of Velella limhosa has been examined 
by A. and G. de Negri {Gazz. cMm. ital. 1877, 219). It changes rapidly after the 
death of the animal ; is insoluble in ether, chloroform, light peteoleum, and carbon 
sulphide ; dissolves sparingly in water, forming a liquid which is turned yellow by 
heating, red by acids, amethyst-coloured by alkalis. Neutralisation of the alkali by 
an acid does not restore the blue colour. This colouring matter is totally distinct 
from that of murex and that of the aplypsise, and is spectroscopically distinguished 
therefrom by the complete absence of absorption-bands. 

VBN'ERXTB. A copper ore, resembling chlorite in appearance, from the Jones 
mine, near Springfield, Berks County, Pennsylvania. It is usually very impure, but 
selected portions showed under the microscope thin transparent laminae mixed with 
quartz and magnetic iron ore. When separated as completely as possible from these 
substances it gave by analysis (after deduction of 6*22 per cent, sand) : 

SiO=* A1“0=* Fe=0“ FeO MgO CuO H‘"0 

30*73 14*67 0-35 0*29 18*55 17*58 12*83 = 100 

These numbers lead to the oxygen-ratio HO : E-0® : SiO^ : H-0 = 3 : 4 : 6 : 4 ; but the 
homogeneity of the substance is open to some doubt (T. Sterry Hunt, Jalvrh.f. Min. 
1877, 837). 

13 4 

‘VBRATRZC AGXB, C®°0^ = C®H=^(CO-H)(OCH®.)(OCH®). — Bmethyl^roto- 
catechuio acid. See pp. 991 and 1691-1693. 

VBHATRtriMC ABXCABOXBS. A. From the seeds of Veratrum 
Bab a dill a. — The following bases from sabadilla seeds have been examined by 
Wright a. Luff. {Ghem. Boo. J. xxxiii, 838): — 1. Cevadine, identical 

with the base called veratrine by Merck (v. 996), and by Schmidt a. Koppen {Ber. 
ix. 1115). 2. y eratrine, identical with the base so named by Couerbe {Ann. Ghim. 
Bhys. [2], lii. 352). 3. Oevadilline, called SdbadilUne by Wergelin a. Dragendorff 
{Jahresb. f. Piiarm. xxxvii. 94). This alteration of the names of the three bases is 
made in accordance with their products of saponification, veratrine being thereby 
converted into veratric acid; cevadine and cevadiUine into cevadic acid (i. 843). 

JPreparation. — The sabadilla seeds were exhausted with alcohol holding in solution 
1 per cent, tartaric acid ; and the concentrated extract, freed from resin by precipitation 
with water, was treated with sodium carbonate and ether to dissolve out the alkaloids, 
which were then redissolved in aqueous tartaric acid, and again taken up by addition 
of sodium carbonate and agitation with ether. The ethereal solution, mixed with 
benzolin, left on evaporation a syrupy mass, in which crystals ultimately formed ; and 
these crystals, mixed with viscid matter, were stirred up with a few drops of alcohol, 
then well drained and slightly washed with alcohol on a vacuum -filter, and finally 
purified by two or three crystallisations from hot alcohol. They then melted at 
205° (like Merck’s veratrine), and were converted by saponification into cevadic 
acid ; for this reason, as above mentioned, Wright a. Luff designate the base thus 
obtained as cevadine. The syrupy mass from which the crystals .had separated 
yielded by saponification a mixture of cevadic and veratric a.cids. 

This syrupy mass is only partially soluble in ether ; and on dissolving the residue 
left by ether in tartaric acid, reprecipitating with sodium carbonate, rapidly agitating 
the precipitate with ether, and repeating this treatment, cevadiUine is obtained. 

The ethereal solution of the syrupy mass {infra), again mixed with benzolin, deposits 
on standing a syrup, still containing a few crystals of cevadine ; and the solution of 
this syrup in dilute sulphuric acid yields, on addition of ammonia, a precipitate of 
veratrine (Couerbe’s), which may he purified by conversion into the sparingly soluble 
nitrate and then into the crystalline sulphate. 

Twenty pounds of sabadilla seeds yielded from 60 to 70 grama of crude alkaloids, 
from which were obtained 9 g. cevadine, 6 g. veratrine, and 3 g. cevadiUine. The chief 
^ bulk oirthe basic product is uncrystallisable, and consists most probably of a mixture 
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of these three alkaloids. Weigelin’s sabatrine and sabadilline (vii. 1063) 'were not 
found in the mother-liquors. 

Cevadlne, (Sehmidt a. Kdppen’s Veratrme), melts at 206° and be- 

comes opaque on exposure to the air, but without losing weight. Its salts are mostly ^ 
unerystallisable, but the aurochloride, C®^H^®NO®,HCI,AuCP + 2H^O, crystallises readily 
from hot alcohol, and gives ojff its water at 100°. Cevadine heated with water, or 
better with alcoholic soda-ley, is decomposed as represented by the equation, 
q 322;49N09 -h H^O = G2^H‘‘3hr08 + 

into a white base called cevine, and methylcrotonic acid, agreeing in its melting 
point (64°-65°) and mode of decomposition by heating with potash, with the methyl- 
crotonic acid of Prankland a. Duppa (vi. 828), and with the acid called eevadic acid by 
Couerhe and by Pelletier a. Caventon {Aoin. Ch. l^hys. [2], xiv. 69). 

To isolate the cevine, the acid liquid left after distilling off the volatile acid was 
filtered from resinous matter, rendered alkaline with caustic soda, and shaken with 
fusel-oil. The filtered fusel-oil extract left on evaporation a brownish varnish, which 
dissolved in acetic acid, leaving resinous flakes. The filtrate from these treated with 
soda and fusel-oil (after fractional precipitation to remove colouring matter), yielded 
cevine in the form of an amber-coloured varnish, melting at 45°, perfectly soluble in 
acids, easily soluble in alcohol and fusel-oil, sparingly in chloroform, nearly insoluble 
in ether. Neither the base nor its salts were obtained in the crystalline state, but on 
adding potassio-mereuric iodide to its solution in acetic acid, white flakes were pre- 
cipitated, having, when dried at 100°, the composition C“^H'‘^NO®,HI,HgP. 

Cevadine heated at 100° with benzoic anhydride yields benzoyl-cevadine, 
C®^H‘‘®(G^H®0)NO® + which crystallises from ether (cevadine does not), melts at 

170°-180°, and forms" an aurochloride containing C^®H^®NO^“,HCl,AuCP. The for- 
mation of this benzoyl-compound shows that cevadine contains a hydroxyl-group, and 
as this base is converted by saponification into methylcrotonic acid : 

C2H‘^z:C(CHs)-COOH, 

its constitution may be represented by the formula : 

which is closely related to that of pseudaeonitine (p. 1695) 

Veratrine, (Couerhe’ s), is always amorphous, and melts after purifi- 

cation with ether at 180° (corr.). Its goldr-salt, C^"H*^NO*bHCl,AuCl*, is amorphous 
and shrinks up on drying to a horny mass. The nitrate is amorphous. The hydro- 
chloride and the acid srdfhate crystallise, though with difficulty ; the latter has the 
composition (C®’H®^NO“)B[2SO‘‘+ lOH^O, but has not been obtained quite free from 
the normal salt. Veratrine is converted by saponification into veratric (dimathyl- 
protocatechuic) acid, C®H®(OCH’’)2COOBr, and a base called verine, which maybe 
extracted by ether in the manner above described for cevine, and obtained in the form 
of a varnish-like mass, which frits at about 95°, melts between 130° and 145°, and 
forms amorphous salts; its formula is Prom this mode of decomposition 

it may be inferred that the constitutional formula of veratrine is : 

C2®H4^NO’’.O.CO.C®H®(OCH®)2. 

Cevadllline, G®^H®®NO®, when purified by conversion into tartrate and extraction 
with ether or benzene, after the liquid has been made alkaline, is amorphous, 
sparingly soluble in ether, more freely in benzene, during the evaporation of which it 
separates in amorphous flocks. By saponification it yields a volatile acid, most 
probably methyl-crotonic acid, so that its decomposition may perhaps be represented 
by the equation C®‘H®®NO®”i-H^0 = C®H®O2+C®®H‘‘^NO^ this last formula represents 
ing a base which may be called cemlline. 

The unerystallisable mother-liquors of the three bases above described probably 
consist for the most part of verine and cevine. The isomeric modifications of 
cevadine (veratrine) mentioned by some chemists^ were probably nothing but impure 
or decomposed cevadine. "Weigelin’s sahadilline (vii. 1063) was perhaps cevadilliue ; 

* Schmidt a. Koppen {Ber. ix. 1116) distinguish three modifications of the base which they call 
veratiane (Wrig^t> a. LufE’s cevadine), viz. cryhtallised, resinous, and solulle, to all of which they 
assign the formula 

0. Hesse {Licli^s Annalen, cxcii. 186) represents sabadilline (cevadilline) by the formula 
Weigelin’s sabatrine by and Merck’s veratrine (cevadine) by 

The following formulae are given by Tobien i_Pharm. J. Tinm. [3], viii. 808) Sabadilline 

; sabatrine, ; veratroi'dine, or • ve%trine' ^ 

6 T 2 
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and his sabairine, as well as Couerbe’s sabadillln e-hydrate, merely mixtures of decom- 
position-products (Wright a. Lnif). 


B. Bases from Veratrum Album, 


The rhizomes of this plant have been examined by several chemists. Weppen 
obtained from them an alkaloid which he called veratramarine^ together with 
jervio add, {jii. 641). Jervine was obtained from them by Simon (in. 

443), who assigned to it the formula afterwards by Mitchell (vii. 709), 

C. Bullock {Bkarm.. J. Trans. [3], vi. 1009) also found jervine in these rhizomes, 
together with a resin, to the presence of which he ascribed the partial solubility of 
jervine in ether, the similarity of its reaction with sulphuric acid to that exhibited 
by veratrine (cevadine), and its physiological action. Pure jervine, according to Ms 
observations, melts at 196°--199°, crystallises in prisms resembling morphine sul- 
phate, and is completely precipitated from its solution in acetic acid by ammonia 
and the fixed alkalis. 

A. Tobien {Tkarm, J. Trans, [3], viii. 808) finds in the rhizomes of Veratmm 
album and V. lohelianum, of the most various origin, only two alkaloids, viz. jervine 
and veratroidine. The rhizomes were soaked in water to which was added 36*8 g. 
phosphoric acid solution (sp. gr. 1*28) to 2 kg. of solid substance, then repeatedly 
digested with warm alcohol of 96 percent., and the extracts were evaporated in a vacuum. 
The residue, diluted with water, deposited a resin, which was dried, mixed with quick- 
lime, moistened with water, and exhausted with alcohol. The extract was then 
evaporated ; the residual jervine dissolved in acetic acid, precipitated with sodium 
carbonate, and redissolved in alcohol, these operations being several times repeated ■ 
and finally the jervine was converted into nitrate by precipitation with excess of salt^ 
petre and seppated therefrom by decomposition with sodium carbonate. By 
evaporation of its alcoholic solution it is obtained in dazzling white groups of needle- 
shaped crystals. The same treatment may be employed for the separation of the 
jervine which is precipitated by sodium carbonate from the filtrate of the above- 
mentioned resin. 

Jervine has, according to Tobien, the composition The formula of 

its hydrochloride is ; of its It is very 

sparingly soluble in water, readily soluble in alcohol, and dissolves with successively 
decreasing facility in chloroform, amyl alcohol, benzene, ether, and petroleum. Strong 
sulphuric acid dissolves it with yellow colour, afterwards changing to yellowish- 
green ; its hydrochloride is dissolved by nitric acid with transient rose colour. Its 
salts are precipitated by potassium nitrate from solutions containing onlv 1 r»t of 
salt in 1,200 water, ^ * 


VeratroUine, or is obtained from the filtrates of jervine 

and its salts by supersaturation with caustic alkali and agitation with chloroform 
It may be freed from the last portions of jervine by addition of nitric acid to its 
solution in acetic acid, the filtrate being then treated as above. It crystallises from 
alcohol and ether more readily than veratrine (? Merck’s or Couerbe’s), dissolves to 
a considerable amount in water, readily in alcohol, ether, and chloroform, less easily 
in amyl alcohol and benzene, not at all in light petroleum. It is not turned blue by 
sulphuric acid and sugar (distinction from veratrine), and is further distinguished 
from veratrine, sahatrine, and sabadilline, which it resembles in its reaction with 
sulphuric acid, by producing a fine but transient red colour with concentrated bvdro- 
ehlorie acid. 

The alkaloids of Veratrum album have also been examined by Wright and Lnf? 
{Ghem. Soc. J. xxxv. 405). The extract obtained with alcohol containing tartaric 
acid, which was several times used to macerate fresh portions of the root so as to 
obtain a solution as concentrated as possible, gave, when fractionally precipitated by 
soMum ca,rbonate, and fractionally taken up by ether, four different fractions of alka- 
loid of which the fraction fii-st precipitated on addition of sodium carbonate and least 
soluble in ether, will be called 1, and the most soluble in ether, 4 The fractions 1 
2, and 3 are crystallised, 4 is amorphous (12 kg. of root yielded 50 g. alkaloids or 
0*42 per cent.) ® ’ 


Fraction 3. The base reerystaUised from ether was converted by treatment with 
dilute sulphuric acid into a semi-gelatinous, very sparingly soluble sulphate, which 
when decomposed by boiling with sodium carbonate and alcohol, yielded the base on 
cooling, in loosely coherent crystals having the composition -i- rnro 

/HfO if quite undecomposed). This base, identical with th6jervin% of sSion 
and of Will (according to whose analysis, however, it has the composition C»H«N=0’- 
see lu. 446), yields a crystallised hydroehlonde sparingly soluble in water whether 
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cold or iDoiling, still less soluble in hydrochloric acid, more soluble in acetic acid ; the 
nitrate is also but slightly soluble in water. The pure base boils at 237°, but the 
boiling point is often found lower (231°). Jervine dissolves in strong sulphxiric acid 
with yellow colour, changing through brown to greenish-brown. 

Eitbijervine, is contained as sulphate in the filtrate from the jervine 

sulphate, and may be separated therefrom by precipitation with caustic soda. It crys- 
tallises anhydrous from alcohol, and dissolves in strong sulphuric acid with yellow 
colour, changing through brown-yellow to brownish-red. The sulphate thus formed 
is crystalline, easily soluble in cold dilute sulphuric acid, sparingly in cold water. 
The hydrochloride is crystalline and easily soluble. The free base dissolves in strong 
sulphuric acid with yellow colour, changing through brown-yellow to brown-red. The 
auTochlorxde has the composition C-^H^^NO^HCbAuCP. 

Eseudojervine, — The crude crystals of fraction 1 consist chiefly of 

this base, which may be separated from adhering jervine by conversion into sulphate, 
and from rubijervine by subsequent conversion into hydrochloride. Pseudojervine 
sulphate is sparingly soluble in cold, easily in hot water ; whereas its hydrochlo- 
ride is only slightly soluble in water, either hot or cold, but more easily soluble in 
dilute hydrochloric acid. Pseudojervine, when quite pure, melts with transient brown 
coloration at 299°, and reacts with strong sulphuric acid in the same manner as 
jervine. It is the least soluble in ether of all the crystallised alkaloids of Veratrum 
album. 

V er at r albino, is an amorphous base contained infraction 2, together 

with jervine, a small quantity of pseudojervine, and a still smaller proportion of rubi- 
jervine. It is likewise the chief constituent of fraction 4, which, moreover, was once 
found to contain a small quantity of jervine, and probably also veratrine, inasmuch 
as it yielded by saponification a small quantity of veratric acid, its powerful sternuta- 
tory action being at the same time removed. Cevadic acid was not found in it. 

Jervine, pseudojervine, and veratralbine are not saponifiable. The attempt to 
prepare a benzoyl- derivative from jervine was likewise unsuccessful, although the 
existence of such a derivative cannot be regarded as impossible. The sternutatory 
action of V. album appears to be due exclusively to veratrine, the amount of which 
does not exceed l'2o per cent, of the total alkaloids contained in the root. 


C. Bases from Veratru?n viride (Wright, Chem. Soc. J. xxxv. 421). 


The rhizome of this plant treated in the manner above described for Veratrum 
album yielded cevadine as chief constituent, together with traces of jervine, pseudo- 
jervine, rubijervine, veratralbine, and veratrine. The sternutatory action of this 
rhizome is due to the cevadine. 1 kilogram of the rhizomes of V. album and V, viride 
yielded the following quantities of the several bases : 


Jervine 
Pseudojervine 
Eubijervine 
Veratralbine 
Veratrine . 
Cevadine . 


V. album. 

V. viride. 

. 1-3 

0-2 

. 0-4 

0-15 

. 0-25 

0-02 

. 2-2 

trace 

. 0-05 

trace (less than 0*004) 

. 0-0 

0-43 


4-20 g. 0-80 g. 

C. Bullock (Bharm. J. Trans. [3],x. 186) finds that the resinous substances which 
separate during the concentration of the extracts of Veratrum viride contain the 
largest portion of the bases existing in that plant. These bases may be separated by 
.treating the resin with milk of lime, concentrating, and exhausting the residue with 
alcohol, then converting them into acetates and precipitating with caustic soda. In 
this manner he obtained from a kilogram of the rhizome 6'612 g. of alkaloids; 
whereas Wright, probably from overloo&ng the circumstance just mentioned, obtained 
only 0*8 g. 

VERXWIS, A base formed, together with veratric acid, by saponifi- 

cation of veratrine (p. 2099). 

VBRMXCirXiZTE. This name, originally given to a chloritic mineral &om 
Vermont,* in North America, containing, according to Thomson, 49*08 per cent. 
SiO% 7-28 AP03, 16-12 PeO, 16-96 MgO, and 10*27 water (v. 997), has been 
extended by J. P. Cooke (Bhil. Mag. xlvii. 241 ; 7, 136) to a family of hydreiis sili- 
cates, including Culsageeite, Hallite and Jeflferisite. These minerals, when heated, 
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swell tip enormously, like alum and borax, in consequence of the escape of their 
water of crystallisation, after which they undergo complete disintegration. 

Amlyses. 1. Sterlingiie, from Massachusetts, a mineral nearly related to Damour- 
ite, and differing therefrom only in the angle of the optic axes. Yellow to yellowish- 
white with nacreous lustre ; analysed by C. E. Munroe. 2-4. Cidsageeite, a variety 
of Jefferisite from the Culsagee mine, Macon County, North Carolina ; lighter in 
colour and more easily cleavable than Jefferisite. Cooke’s analyses differ from those 
given by G-enth (p. 1142) only in the amount of water. 5-8. HalUte, a green or 
yellow micaceous mineral, probably crystallising in the hexagonal system ; found in 
the serpentine of East Nottingham, south of Oxford, Chester County, Massachusetts. 
The' analyses (by C. E. Munroe) 5 and 6 apply to the green, 7 and 8 to the yellow 
variety. 9. Erom Lerni, Delaware County, Pennsylvania, sea-green hexagonal 
plates; analysed by F. A. Gooch. 10. Pelham, Massachusetts; greenish-yellow, 
resembling Oulsageeite (Gooch). 


1. 

SiO= 

43-87 

A1“0^ 

36-45 

Fe“0“ 

3-36 

FeO 

MgO 

10-86 

H^'O 

6-19 

_ 

99-73 

Sp. Or. 
2-828 to 2-832 

2. 

37*58 

19-73 

5-95 

0-58 

25-13 

— 

11-09 

= 

100 oen 
100-38 ' 

1 

3. 

37*43 

19-75 

5-95 

0-58 

25-58 

— 

11-09 

= 

y 2-225 

4. 

37*10 

20-22 

5-95 

0-58 

25-07 

— 

11-09 


lOO-OlJ 

1 

5. 

86-97 

7-61 

8*83 

1-13 

31-34 

0-43 

14-32 

- 

99-631 

^ 2-398 

6. 

85*80 

7*29 

8*73 

1-13 

31*56 

0-49 

14-33 


99-33 j 

7. 

35-17 

7-74 

9-76 

0-32 

31-61 

0-56 

14-65 


99-811 

2-402 

8. 

35-34 

7*42 

9*61 

0*32 

31-41 

0-65 

14-91 

= 

99-86 J 

9. 

38*03 

12*93 

7*02 

0-50 

29-64 

— 

11-68 

= 

99-80 

2-368 to 2-409 

10. 

41-27 

15-19 

4-14 

— 

28-25 

__ 

1F32 


100-17 

2-160 to 2-161 


VESBXUIMC. This name (from Veabio, an old name of Vesuvius) is given 
by Scacchi {Qazz. Ckbn. itaL 1880, 21) to a metal which he has discovered in an ex- 
tremely thin green crust, found coating the fissures of the Vesuvian lava torrent of 1631. 
The crust being too thin to separate mechanically, the pieces of lava are treated 
with very dilute hydrochloric acid, which dissolves off the crust, forming a blue solu- 
tion containing abundance of copper, silica, and other constituents of the lava ; the 
acid solution is evaporated to dryness, heated to 170®, and exhausted with water. 
The residue consists principally of silica and a vesbium compound, together with a 
finely divided pulverulent matter which can easily be separated by elutriation ; after 
this has been done, the prodi;ct is treated with hydrochloric acid, filtered from undis- 
solved silica, and again evaporated to dryness and heated to 170°; and on removing 
the small quantity of copper present by repeated washing with hot water, the purified 
vesbium compoimd remains as a dark-green powder, designated by, Scacchi as vesdine. 
This substance is hy^oscopic, and when ignited becomes brown without fusing. It 
is soluble in acids, yielding a green solution ; the addition of potash or ammonia to 
this solution precipitates a ferric compound of vesbium, partly soluble in excess of 
the precipitant, forming a yellow solution. When vesbine is fused with an alkaline 
carbonate or nitrate, it dissolves with effervescence, forming an alkaline vesbiate 
soluble in water ; on adding an acid to the colourless solution, it acquires a yellow 
colour similar to that of a chromate, and becoming bluish-green on heating. Alka- 
line vesbiates give precipitates of various colours with solutions of metallic salts, that 
with silver being bright red, whilst the zinc salt is greenish. Attempts to obtain 
potassium vesbiate in the crystalline state were unsuccessful. 

On passing hydrogen sulphide through an acid solution of vesbine, a brown pre- 
cipitate is formed, consisting chiefly of sulphur, but containing also small quantities 
of lead and copper sulphides ; the filtrate from this is of a bright blue colour, but 
becomes colourless on adding excess of ammonia, whilst a brown precipitate is thrown 
down. Wlien a plate of zinc is immersed in the blue solution, the colour is changed 
to deep brown, the liquid then appearing almost opaque. Even a very large excess of 
hydrogen sulphide produces no change in the blue solution. All the vesbium compounds, 
when fused with microcosmic salt, give a yellow bead tinged with brown in the outer 
flame, and a green bead in the reducing flame. 

VBSU'VXjEl.za'. This mineral occurs on the Eammelsberg, near Deutsch-Tscham- 
mendorf, south of Strehlen, Silesia, forming veins in a limestone rich in diopside, 
titanite, and quartz. It contains calcite and diopside microscopically intermixed, but 
is free from titanite, so that the titanium contained in it must be regarded as iso- 
morphously replacing a part of the silica (E. Schuhmacher, Jahrb. /. Min. 1878, 
817). 

SiO“ TiO’* A1®0=* FeO CaO MgO H“0 

37*80 1-77 16-28 1*56 0'94 3-11 34-76 2*42 2-29 = 100-93 

Crystals of vesuvian occur at Drammen in Norway, lining the walls of cavities 
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which have been formed in a silurian rock by the weathering of coral residues 
(W. C. Brogger, Jahrh,f, Min. 1876, 661). 

The crystallographic constants of a honey-yellow and a black variety of vesnvian 
from Latium have been determined by J. Striiver {Zeitschr. f. Kryst. i. 251 ; Jahreab. 
f. Ch&m. 1877, 1307). The vesnvian of Latinm occnrs only in ejected blocks, mostly 
well crystallised, sometimes, however, in imperfect crystals and granular masses. 

VICIN', This substance, which Eitthansen a. Kreusier obtain from 

vetch-seeds (J. pr. Chem, [2], ii. 333), exhibits the following reactions : (1) It is not 
changed by boiling with baryta-water or with aqueous potash. (2) It dissolves in 
dilute sulphuric and in hydrochloric acid, the solutions depositing crystals which 
contain respectively 10*85 per eant. sulphuric acid and 10’02 per cent, chlorine. 
(3) When solutions of vicin in dilute acids are boiled for some time, they give off small 
quantities of gas, acquire the odour of decayed fruit, and exhibit the following reactions : 
{a) With baryta-water in excess, a violet-blue precipitate decolorised on boiling; 
(6) with ferric chloride and ammonia, a blue coloration, gradually changing to 
yellow in contact with the air; (c) the solution in sulphuric acid immediately 
reduces silver nitrate. (4) The solution of vicin in sulphuric acid becomes turbid 
after heating on the water-bath for twenty or thirty minutes, and on cooling deposits 
crystals which have the composition 2C^^H^®N^®0®,5S0®, and exhibit the reactions as, r, 
above described. In ammonia gas this substance becomes purple ; in an atmosphere 
containing moist ammonia the colour changes through blue to bluish-grey ; and the 
substance then forms with water a yellow solution, which, when decomposed by 
baryta-water, yields a deep yellow pulverulent body not yet examined. On separat- 
ing the sulphuric acid by the calculated quantity of baryta-water, a colourless solution 
is obtained, which exhi bits all the preceding reactions, but yields on evaporation a 
soft brownish mass which exhibits none of them. (5) The action of sulphuric acid 
upon vicin also gives rise to a small quantity of a volatile base and a larger quantity 
of a syrupy uncrystallisable body. (6) The solution of vicin in hydrochloric acid is 
precipitated by mercuric, but not by platinic chloride (Ritthausen, Ber. ix. 301). 

VIN'Srii- or ETHJSSNTTIk-COMPOXJ'NBS. The pungent liquid called Vinyl Al- 
cohol, which Berthelot obtained by agitating acetylene with sulphuric acid and dis 
tilling the product with water ( vi. 66), appears, from the experiments of Lagermarck 
a. Eltekoff (.Ser. x. 637), not to be an alcohol, but to consist of crotonic aldehyde, 
C^H®0, formed by condensation of acetaldehyde, the first product of the reaction 
[2C“H'‘0—H20 = C'‘H°0], and convertible by oxidisation with silver oxide into cro- 
tonie acid. According to S. Zeisel, on the other hand {Liebig's Annalen, cxci. 366), 
the formation of acetaldehyde and crotonaldehyde in the experiments of Lagermarck 
a. Eltekoff must have been due to the presence of vinyl bromide in the acetylene em- 
ployed. Vinyl bromide is in fact converted by strong sulphuric acid into crotonalde- 
hyde and a body having the composition O^H-*Br^, whereas acetylene, after purification 
by moderate heating with soda-lime and subsequent washing with alcohol and water, 
is absorbed by sulphuric acid, probably with formation of a sulpho-acid. 

The polymerisation of vinylbromide (b. p. 15®-16°), observed by Baumann 
(vh. 1202), is best effected by the most refrangible rays of the spectrum, and more 
readily when the compound is in the liquid than when it is in the solid state. The 
condensed product dissolves readily in methyl iodide and most other primary alkyl 
iodides, also in bromoform, benzaldehyde, and aniline. It is dissolved by strong nitric 
acid, with formation of a bromo-nitro-compound ; reduced by fuming hydriodic acid 
at 150°. 

Vinyl Ethylate or Vinyl-ethyl Oxide, C‘^H® = CH“=CH.O.C“H^ is formed 
by the action of sodium at 130°--140° on chloracetal. It is a very mobile liquid which 
boils at 35*5° ; smells like ethyl oxide, ethylene, and allyl alcohol ; dissolves sparingly 
in water, and, on the other hand, takes up a small quantity of that liquid. Sp. gr. 
= 0*7625 at 14*5°, referred to water at 17*5° as unity. It unites with chlorine axidi 
bfomme (most readily when they are diluted with carbon dioxide), forming die h lor 
or dihromethyl oxide {e.g. CH-Cl.CHCLO.C-H®). With small quantities of Mine 
it thickens, from formation of products of polymerisation or condensation. Moderately 
dilute sulyhuTic acid converts vinyl ethylate into aldehyde and ethyisulphuric acid. 
The same transformation appears to be gradually produced by the action of water, or 
better by an ammoniacal solution of silver nitrate (Wislicenus, Liebig's Annalen, 
cxcii. 106). 

nPTT* 

Via y l-anisoil, C“H“’0 = See Phenol-ethees (p. 1521). 

Vinyl-diacetonamine, C®H^®]SrO = C®ff2(C2lI3)-5^0 (Heintz, Liebig's Aoinalen, 
clxxxix. 214; cxci. 122). The normal oxalate of this base, = 
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separates out when 1 pt. of acid diacetonamine oxalate, 12 pts. 
alcohol, and 4 pts. acetone are heated together for thirty to sixty hours, the ethyl- 
oxalate of the same base remaining in solution. The formation of vinyl-diacetonamine 
in this reaction appears to be due to the presence of aldehyde in the acetone employed, 
the same compound being, in fact, produced in larger quantity by boiling 10 g. acid 
diacetonamine oxalate with 10 g. aldehyde and 120 g. alcohol in a reflux apparatus 
for sixty hours. The separated mass (vinyl-diacetonamine oxalate) may be purified 
by washing with hot alcohol. 

Vinyl-diacetonamine separated from the pure oxalate by potash is a colourless, 
somewhat viscid liquid, which has a burning taste, smells like trimethylamine when 
cold, like camphor when warm, fumes with hydrochloric acid, and boils almost without 
decomposition at 199®-200°. The distilled base turns yellowish after some time. It 
solidifies at —15°, forming rectangular or six-sided plates or long prisms, which melt 
at +27°. It is extremely hygroscopic. The normal sulphate forms microscopic 
needles, easily soluble in water, sparingly in alcohol, insoluble in ether; it does not 
' lose weight at 100°. An acid oxalate^ is obtained 

by dissolving the normal oxalate {mpra) and oxalic acid in molecular proportions in 
the smallest possible quantity of hot water, and separates on cooling in short micro- 
scopic prisms. Three pts. of this salt and 1 pt. oxalic acid dissolved together in 
water unite and form a new salt, which loses weight and turns brown at 100°, and is 
reconverted into the normal oxalate by boiling with alcohol. On evaporating an 
‘ aqueous solution of 1 pt. of the normal oxalate and 2 pts. platinic chloride in a 
vacuum, exhausting the residue with alcohol and ether, and crystallising it from ^ater, 
short flat prisms are obtained, often grouped in hexagonal plates, apparently belonging 
to the rhombic system and having the composition 2C®H^®NO,Pt0PH“',3H'-^O. 

Vinyl-diacetonamine is related to triacetonamine in the same manner as acetone to 
aldehyde, being, in fact, the next lower homologue of triacetonamine, and containing 
two acetone residues and an aldehyde residue, whereas triacetonamine contains three 
acetone residues. 

The two bodies may perhaps be represented by the following structural formulae 
(compare p. 32) : 

Triacetonamine. Vinyl-diacetonamine. 

VIIB'TXi-TOlQtriDIia'i:, This base, which Wurtz obtained by heating 

toluidine with ethylene-chlorhydrin (vi. 1105), is also formed by decomposition of 
-xethylene-toluidine. See Addenda. 

VXSCiriM; AX.BUM. See Mistletoe (p. 1331). 

VXTBBXiXM'. See Peotbids (p. 1684). 

VXVXAWITE. Native Ferrous Fhospkate, This mineral has been found within 
and upon the hones of animals on the peat moor of Larbach ; partly in tabular groups 
of crystals grown together in parallel layers, partly in small needle-shaped mono- 
clinic crystals exhibiting the combination oo Pco . oo Sco . oo P. + P. + Poo , partly also in 
radio-fibrous groups. It is blue by reflected light, but by transmitted light it appears 
almost colourless — merely with a coloured border (P. Becke, Jahrh, f, Min. 1878, 
79). 0. Fraas {iUd. 80) found the bones of a saurian from the keuper of Stuttgart 
converted into vivianite. Vivianite has been found also in somewhat considerable 
quantity in the pores of the bog iron ore of Leskowetz, near Friedeg, in Austrian 
Silesia (hTeminar, Min. Mitth. 1875, 207). 

VOBBORTH'XTHXS. See Vanadates (p. 2092). 

VOXtCAlsrxc BBOBBCTS. The term Volcano is commonly used to denote 
any orifice in the crust of the earth giving vent to materials which afford either direct 
or indirect evidence of the internal dynamic activity and the inherent heat of our 
planet. Such orifices are usually found on the flanks or the summit of a conical 
mound, hill, or mountain. The ejected materials are heated gases, steam, water, mud, 
dust, scoriae, and molten rock. The accompaniments are frequently tremors in the 
. earth, and loud noises produced by the concussion of rocks, and the escape of large 
quantities oi gaseous matter in a high state of tension. Volcanic vents vary in size 
from the smallest boooke del fuoco on the flanks of a larger volcanic cone, or the little 
mud volcanoes of the Caspian, two or three feet in fiameter, and the voloanitos of 
New Cranada, to the gigantic volcanoes of the Andes, nearly 20,000 feeh in height. 
The commonest form of volcano is that of a conical mound, terminated by a cup- 
^ shaped depression or crater, from which a tube descends to unknown depths, and by 
means Cf which volcanic products are brought to the surface. 

The various kinds of volcanic vent may be conveniently classified as follows : 
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1. Extinct Volcanoes — that is, those which have never been known to be in a state 
of activity, such as the volcanoes of Auvergne. 

2. Dormant Volca'noes — that is, those which have been in activity during the 
historical period, but have given no signs of life for a long term of years, such as 
Monte Epomeo in the Island of Ischia. 

3. Active Volcanoes — that is, those which are constantly or at Sequent intervals 
in a state of activity, such as Etna or Stromboli. 

4. To these we may add the less common forms of miid volcanoes^ sometimes 
called maccaluhe, or scdses, which occur in Mexico, on the shores of the Caspian Sea, 
in Iceland, Sicily, and elsewhere. Pools of boiling mud, which give off quantities 
of carbonic acid gas, and sometimes also hydrogen and sulphuretted hydrogen, are 
not uncommon in volcanic countries. Air volcanoes (the volcanitos of the natives), 
which eject boiling mud and gaseous products at frequent intervals, were found by 
Humboldt near Turbaco, in New G-ranada. 

5. FurneroU are small fissures or orifices frequently found within the craters of 
dormant and active volcanoes, and in recently emitted beds of lava. They give vent 
to various gaseous products, among which steam usually predominates, and to solid 
bodies which are carried along mechanically, or volatilised together with the issuing 
gases. When sulphur and sulphur-products predominate, the fumeroli are called 
solfatare. The soffioni of Tuscany are fumeroli by which quantities of boric acid are 
brought to the surface with the effluent steam. Mofette are exhalations of gaseous 
substances, usually carbonic acid, from hollows in the soil. 

6. Thermal Springs are closely connected with volcanic phenomena, and their 
products are properly considered under the head of volcanic products. 

In this category may also be placed the Gegsirs and Laitgs of Iceland, New ■ 
Zealand, and North America. 

The products — solid, liquid, and gaseous — which are emitted from these various 
forms of volcanic vent are very varied both as to character and composition, ranging 
from the commonest elementary bodies to some of the most complex minerals with 
which we are acquainted. This can scarcely be wondered at when we remember the 
conditions under which these bodies have been formed. Not only has fire effected 
a multitude of changes in the composition of volcanic products, but also water and 
various gases both at high and low temperatures and pressures, acting for short and 
long durations of time. 


I. Solid Pboducts of Volcanic Action. 


The most plentiful volcanic product is Lava, molten rock poured from a crater 
or from great fissures, and often closely resembling certain iron-furnace slags. Many 
millions of cubic feet of this substance are often ejected during a single eruption, and 
we read of a flow of lava which issued from Skapta, in Iceland, in 1783, which was 
fifty miles long and seven broad. It is important to bear in mind that certain 
apparently different volcanic products are chemically the same substance in different 
states of aggregation, or ejected under different conditions of pressure. Thus the com- 
pact lava which flows directly from the crater, and the ashes, sand, and scoriae result- 
ing from the same molten lava being blown out of the crater by superheated steam, 
have precisely the same composition, as the following analyses by Silvestri of sub- 
stances ejected during the eruption of Etna in 1865 clearly prove : 




Ashes 

Sand 

Scorise 

Compact Lava 

Silica . 



50*00 

49*80 

50*00 

49*95 

Alumina 



19*08 

18*20 

19*00 

18*75 

Perrons oxide 



12*16 

12*42 

11*70 

11*21 

Manganous oxide 



*40 

*45 

*50 

*49 

Lime . 



9*98 

11*00 

10*28 

11*10 

Magnesia 



4*12 

4*00 

4*20 

4*05 

Potash 



•60 

*49 

•69 j 

*70 

Soda . 

1 


3*72 

3*60 

3*40 ! 

3*71 

Water . 



•36 

•29 

•33 

•23 

Phosphoric acid . 
Titanic acid . 
Vanadic acid 

Ferric oxide 


] 

J 

• traces 

traces 

traces 

traces 
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Moreover, lavas which have been ejected at intervals of many centuries of time 
have frequently almost precisely the same composition ; thus, we may compare one of 
the lavas of Etna ejected in very ancient times, with the lavas of 1669 and 1865. 
Microscopic analysis justifies the same conclusion. 


yds: 

I . Very ancient Etna lava. 

2. 

Eava of 1669. 

3. Lava of 1866. 

SiO“ 

A1»0“ 

TeO 

MnO 

CaO 

MgO 

K“0 

Na“0 

49-63 

22*47 

16*80 

0*63 

9-05 

2*68 

0*98 

3-07 

48-33 

16*15 

16*32 

0*54 

9-31 

4*58 

0*77 

3-45 

49-95 

18*75 

11*21 

0*49 

11*10 

4*05 

0-70 

3-71 


The Vesuvian lavas of 1631, 1767, and 1868, as analysed by Haughton, likewise 
exhibit a close agreement in composition. 


SiO= 


Fe“0“ 

FeO 

MnO 

TiO 

CaO 

MgO 

K=0 

Na=0 

H“0 

48*12 

17*16 

5*69 

5*13 

1*20 

0-22 

9-84 

3-99 

7*24 

2-77 

0*08 

48*20 

17-92 

5*48 

4*75 

1*33 

0-27 

8-97 

3-51 

7*70 

2-61 

6*16 

46*58 

20*00 

3*20 

6*69 

1*07 

0*27 

9*09 

3-16 

7*35 

2-74 

0-32 


These lavas also contain small undetermined quantities of phosphoric acid and 
fluorine; and those of 1767 and 1868 contain in addition traces of fluorine. 

Bunsen has divided all volcanic rocks into — 


a. Normal Trachytic--th.B.t is to say, the trachytic rocks which are richest in 
silica, and represent a mixture of bisilicates of alumina and of potash and soda, 
while lime, magnesia, and ferrous oxide are almost entirely absent. 

h. Normal basaltic and doleritic rocks which contain the 
smallest quantity of silica, and are basic silicates of alumina and ferrous oxide in 
combination with lime, magnesia, potash, and soda. 

The following is the composition of these two characteristic volcanic products : 



Normal Trachytic 

Normal Pyroxenic 

vSilica 

76-67 

48-47 

Alumina and Ferrous oxide 

14-23 

30-16 

Lime ....... 

1*44 

11-87 

Magnesia 

0-28 

6*89 

Potash 

3*20 

0-65 

Soda 

4*18 

1-96 


It will be at once obvious that the Etna and Vesuvius lavas, the composition of 
which is given above, closely approximate to the normal pyroxenic type, while 
obsidian and pumice belong to the normal trachytic type. 

Bunsen, moreover, considers that the great number and variety of volcanic rocks 
containing percentages of silica included between the 76 per cent, of the normal 
trachytic and the 48 per cent, of the normal pyroxenic, result from mixtures of these 
rocks in varying proportions, and that ‘ the great mineralogical and petrographical 
differences which these rocks present are only consequences of the varying propor- 
tions in which the mixtures took place, and of the prevailing physical conditions 
under which the rocks reached their present situation and assumed their present form.’ 

The following are examples of some typical lavas, both ancient and modern, of dif- 
ferent compositions and from different parts of the world, made in Bunsen’s laboratory : 



Hrafntinniihrygyr, 
near Krabla, north- 
east of Iceland. 
Black Stony Lava 

Summit 

of 

Elburz 

Black Basalt 
from the 

Source of the 
Euphrates 

Hekla. 

Ash of 

1846 

Compact Grey 
Volcanic Eock from 
Kalmanstunga, 
Iceland 

Ancient Lava 
from Hekla 

Silica 

75*77 

69-65 

64-76 

56-76 

53-08 

49*37 

Alumina and 








Perrons 


14*14 

19*85 

22-31 

27-47 

28-70 

28*66 

oxide . 








Lime 

1*82 

4*40 

5-13 

6-75 

9-92 

13-01 

Magnesia 

0*25 

2-27 

1-91 

4*04 

5-32 

7-52 

Potash 

2-46 / 

3-83 

2-51 

2-63 

0-61 

0-20 

Soda 

it) 

5-66 1 

3-38 

2-35 

2-37 

1-24 
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Bunsen regards those rocks -which contain less than 60 per cent, of silica as basics 
and those which contain more than 60 per cent, as acid. Thus the normal trachytie 
rock is the extreme acid member, and the normal pyroxenic the extreme basic mem- 
ber, The decomposition of these various rocks, under the influence of heat, air, water, 
superheated steam, sulphurous acid, hydrochloric acid, and other volcanic products and 
actions, gives rise to a great number of secondary products. 


Elements and Gom^otmds found in Volcanic Products. 

Of the fifteen non-metallie elements twelve have been found in volcanic products ; 
viz. boron, carbon, chlorine, fluorine, hydrogen, iodine, nitrogen, oxygen, phosphorus, 
selenium, sulphur, silicon. Of these oxygen and silicon are the most abundant. 

Of the fifty-one metallic elements nineteen have been found; viz, aluminium, 
arsenic, caesium, calcium, cobalt, copper, iron, lead, lithium, magnesium, manganese, 
potassium, rubidium, sodium, thallium, titanium, uranium, zinc, zirconium. Of these 
aluminium and iron are the most abundant. 

The island of Vulcano, one of the Lipari group, has furnished some of the rarest 
and most complex of volcanic products. To take a single example, a spongy crys- 
talline substance found on the edges of a small fumerole at the bottom of the crater 
was found to consist of arsenious sulphide, selenium stilphide, boric acid, ammo- 
nium chloride, lithium sulphate, thallium alum, caesium alum, rubidium alum, potas- 
sium alum. Thus this one substance contained no fewer than seven non-metals and 
eight metals (see Minerals, p. 1331). 

l<3rative ISlements. Few of the elements have been found in the native state 
among volcanic proditcts. Oxygen, hydrogen^ nitrogen^ and chlorine have been col- 
lected from fumeroles. Sulplmr is found in solfatare in every part of the world, and 
in the craters of active and dormant volcanoes. It is frequently produced by the 
interaction of sulphurous acid and hydrogen sulphide. Belensulyhivr^ i.e. indefinite 
mixtures of selenium and sulphur, has been found in the crater of Tulcano, and in 
that of Kilauea in the Sandwich Islands. This is the volcanite of Haidinger. Carbon 
in the form of graphite was found by Monticelli in an ejected block of Vesuvius, but 
it is a very rare volcanic product. Native metals, and native metallic alloys, are not 
found among the products of volcanoes, if we except metallic copper ^ which has been 
found in the palagonite tuff of the Faroe Islands, and is considered by Bunsen to have 
been reduced by hydrogen from the chloride. 

The following simple combinations of non-metals with metals have been found : 

Sulphides. Bed Sulphide of Arsenic ^ Bealgax, As-S^ occurs in the fumeroles 
of Vesuvius, and at the solfatara of Puzzuoli. A specimen in the writer’s possession 
from Puzzuoli was raked out of the ‘ bocca grande,’ and was found to consist of micro- 
scopic crystals of both the sulphides of arsenic coating a white pumiceous substance. 
Yellow Sulphide of Arsenic. Orpiment, As-S^. Crater of Vulcano. Solfatara of 
Puzzuoli. Bimorphite, the * Dimorfina’ of Scacchi, has been found at the solfatara of 
Puzzuoli. It is said to contain As'^S^ but may perhaps be only a mixture of sulphides. 
Iron Bisulphide, Ordinary Iron Pyrites, FeS'*^, has been found on Vesuvius, at Kri- 
suvik in Iceland, and elsewhere ; but it is an uncommon volcanic product. NicTceliferous 
Pyrrhotite, or Magnetic Iron Pyrites, Fe®S^, has been found on Vesuvius, having the 
composition: iron, 58*9; sulphur, 39’9; nickel, 2*6. Lead Sidphide, Galena, PbS, 
has been found in ej ected blocks from Vesuvius. Zinc Sulphide, Blende, ZnS. Fj ected 
blocks from Vesuvius. CovelUte, g, blue sulphide of copper, CuS, named after Covelli, 
who first detected it on Vesu-vian lavas, is a rare volcanic product. Dolerophanitc 
or Cuprous Sulphide, Cu^S, was found by Scacchi as a sublimation produced during 
the eruption of Vesuvius in 1868. Chalcopyrite, or Copper Pyrites, Cu-SjFe^S’*, has 
been occasionally found in blocks ejected from Vesuvius, but it is uncommon. It 
contains copper, 34-5 ; iron, 30*5 ; sulphur, 35*0. 

Cblorides. Potassium Chloride. Sylvite. Fumeroles of Vesuvius and else- 
where. Sodium Chloride. Halite, Lavas of Vesuvius and Hekla, and probably 
existing as a sublimate on the lavas of all volcanoes situated near the sea, shortly 
after their emission and before rain has fallen. The writer noticed quantities of 
sublimed salt on the lava of Vesuvius emitted in November 1878. Lithkm Chloride. 
Palmieri has detected lithium by means of the spectroscope in the fumerole sub- 
limates of the eruption of Vesuvius of November 1878, associated with ferric chloride. 
Calcium Chloride, found by Bunsen in the sublimates from fumeroles in the Hekla lava 
of 1845, and by Palmieri in sublimates formed during the eruption of Vesuvius in 
1872. Aluminium Chloride, AFCF, found by Silliman in a sublimate from the volcano 
of Kilauea, and by Bunsen in a sublimation from the Hekla lava of 1845, a£:^ociated^ 
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with chlorides of ammonium and iron. Aimnonimi Chloride is a frequent sublima- 
tion on lavas, and is often associated with ammonium sulphate and ferric chloride ; 
it has been found at Etna, Hekla, Stromboli, Vulcano, Vesuvius, Hilauea, and else- 
where. When Bunsen visited Hekla, a few months after the eruption of 1845, he 
observed that the lower part of the lava stream was studded with fumeroles, in which 
large quantities of beautifully crystallised sal-ammoniac appeared, so that, ‘ not- 
withstanding the incessant torrents of rain, hundreds of pounds of this valuable 
salt might have been collected.' The occurrence of this substance was entirely con- 
fined to that portion of the lava stream which had overflowed meadow-land ; higher 
up the stream all traces of the chloride disappeared at the point where vegetation ceased. 
By submitting a cubic meter of the meadow-land to dry distillation, Bunsen proved that 
a quantity of ammonia equivalent to 22 3 ’3 grams of ammonium chloride was pro- 
duced. He considers that the ammonium chloride which is found among the fumerole 
sublimations is derived either from ammonia in the air, which is carried down by 
rain and converted into chloride by the hydrochloric acid of the fumeroles, or from the 
distillation of organic matter in the soil over which the lava passes. JDaubeny, on 
the other hand, and Palmieri, consider that, under the conditions of temperature and 
pressure which must often prevail beneath lava, nitrogen and hydrogen may combine 
directly. Without attempting to account for the large quantities of ammonia which 
appear as fumerole sublimations, we may point out that the theory of Haubeny 
and Palmieri is quite at variance with recent discoveries concerning the dissociation 
of bodies. The following analysis of a sublimation from the Hekla lava of 1845, taken 
from fumeroles near the lower part of the stream, was made by Bimsen : 

NH^Cl 4l’e®0%Pe=CP 4A1=*0“,AP0P MgCP OaCP NaCl KOI X* 

81*68 5*04 373 1*69 0*53 1*73 0*95 3*12 

* Water and stony residue. 

With this we may compare an analysis of an ammonium chloride sublimate from 
Kilauea, made by Silliman : 

UH*C1 Fe^GP A1“CP- Fe“0“ Insol. 

65*53 12*14 13*00 8*10 1*23 

The composition of these sublimates is not surprising when we remember that hot 
hydrochloric acid is frequently evolved in abundance from fumeroli in newly ejected 
lava. The writer found that on passing dry hydrochloric acid over fragments of lava 
heated to redness in a porcelain tube, the chlorides of iron and aluminium were 
copiously evolved, while the lava became nearly white and friable, like the masses of 
decomposed lava frequently met with near hydrochloric acid fumeroli. 

Ferric Chloride. Molysite. Pe-Oi®, found by Haussman on Vesuvian lavas in 
1819, and by Scacchi in 1855. A common volcanic product, produced by the action 
of hydrochloric acid on lava. The writer of this article found large cavities contain- 
ing several hundred square feet of surface, in the lava emitted by Vesuvius in No- 
vember 1878, completely coated by a sublimate containing a large percentage of ferric 
chloride, while hot fumes of hydrochloric acid issued from fissures in the sides of the 
cavities. He also noticed it as a sublimation on the lava emitted from Hekla in 
February 1878. It is, of course, very deliquescent, and the first shower of rain may 
remove all traces of it. 

Monticelli asserts the existence of Ferrous Chloride^ FeCl-, as a sublimate on 
Vesuvian lavas, but his statement is not confirmed by Scacchi. 

Kr&mersiie, KCl,NH*Cl,2Fe“CP -h 6H-0, a substance first analysed by Hremers, 
found as a product of sublimation from fumeroles, contains 55'*86 per cent. Cl, 
17*65 Fe, 12*32 K, 5*67 NH^ and 8*50 water. 

Lead Chloride. Cotunnite, PbCP. — Found by Monticelli and Covelli in the crater of 
Vesuvius, after the eruption of 1822, accompanied by copper chloride and sodium 
chloride ; also by SeaccM and Gruiscardi as a product of the eruption of 1855. 

Lead Oxychloride^ MatlocJcite, PbCFPbO, was found as a sublimation product of 
a fumerole of Vesuvius after the eruption of 1855. 

Hydrated Cupric Oxychl(yride, Atacamite, Ou'^O^CP -i- 4H20, has been found in- 
crusting Vesuvian lavas of 1820 and 1822. The writer found in the lava of Novem- 
ber 1878 cavities lined with microscopic greenish crystals containing copper, in all 
probability existing as chloride. 

Potassium Iodide has been found at Vulcano. The bromide would in all 
probability be detected if carefully sought for. 

Calcium Fluoride has been found in blocks ejected from Vesuvius, and in a 
^w volcanic minerals. 

Iron Fit ride, Biderazote, — Found by Silvestri on the surface of the hot 
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lava of Etna (1874) ; formed artificially by exposing fragments of lava to tbe alter- 
nate action of hydrochloric acid and ammonia at a red heat. See p. 1097. 

Oxides. Black Cojp^er Oadde, Melaconite, or TerKynte^ CuO, has been found by 
Semola, Scacchi, and Palmieri on the lavas of Vesuvius, sometimes in crystals. Bed 
Co'pjp&y Oxide^ Gufrite^ Ou-0, has also been occasionally found on the scoriae of 
Vesuvius. 

Ferric Oxide. H(smatite, Found on the lavas- of Etna and Vesuvius in the 
neighbourhood of fumeroles. Ferric Hydroxide, Grothite, Fe^O’^jH^O, has been found 
in the ejected blocks of Somma. Magnetic Iron Oxide, Magnetite, is a frequent 
constituent of lavas, as may be shown by the microscopic examination of their sec- 
tions ; it is also found in volcanic sand and in the ejected blocks'of Somma. Mag- 
nesioferriie, ]MgO,Fe^O®, has been found in crystals and laminae near the fumeroles of 
Vesuvius, partictdarly those of the eruption of 1855. 

V^vius. Vesuvius, 

Old Eruption. Eruption of 1865. 

Ferric oxide .... 84*20 85*05 

Magnesia . . . . 16*00 13*95 

Cupric oxide .... — 1*01 

Beriela&ite, MgO ^93*86, FeO = 5*97, has been found in clustered crystals in blocks 
ejected from Somma and Vesuvius. 

Spinel, MgOjAPO®, found in ejected blocks from Somma and Vesuvius. A spe- 
cimen from the latter volcanco was found to contain 67*46 per cent. Al-0^, 25*94 MgU, 
5*06 FeO, and 2*38 SiO^. 

Titanic Oxide, TiO-, both in the form of * Brookite ’ and of ‘ Entile,’ has been 
occasionally found in the Val del Bove, on the east side of Etna. Titaniferous Mag- 
netite, or Iserine, FeO.TiO^ + Fe^O^ is frequently found disseminated through lavas, 
scoriae, and tufas ; in the eruptive rocks at Arthur’s Seat, at XJnkel on the Ehine, in 
basalt, and elsewhere. 

Silica is found in the form of quartz in cavities of basalts ; occasionally also, 
according to Montieelli, in the cavities of blocks ejected from Vesuvius (a.d. 79) 
Silica is also deposited from the geysirs of Iceland, New Zealand, and California, and 
is then known as Oeyserite. The following analyses show the composition of these 
deposits : 



Iceland 

Iceland 

Iceland 

New Zealand 

Silica 

98*00 

91*56 

88*26 

94*20 

Alumina . 

0*50 

1*04 

0*69 

1*58 

Ferric oxide 

— 

0*18 

3*26 

0*17 

Lime 

— : 

0*33 

0*29 

trace 

Soda and Potash 

— 

0*35 

0*22 

0*85 

Sulphuric acid . 

— 

— 

2*49 

— 

Water 

1*5 

5*76 

4*79 

3*06 


Silica,tes. The majority of volcanic products, as indeed of the whole mineral 
kingdom, consists of silicates of various degrees of complexity. Of these we shall 
first consider the most simple monosilicates, and afterwards those of more elaborate 
character and composition. 

Calcium Silicate. Wollastondte. CaOSiO^. — ^Found in lavas and basalts in various 
parts of the world. 

Byroxene, or Augite, (Ca0,Mg0,Fe0)Si02, is an essential constituent of many vol- 
canic rocks. The following analyses show the composition of various specimens from 
different volcanic centres : 



Vesuvius, 

1631 

Vesuvius, 

1858 

Etna, 
Mt. Eossi 

Iceland 

Teneriffe 

Azores 

Silica 

48*86 

49*61 

47*38 

49*87 

48*05 

50*40 

Alumina . 

8*63 

4*42 

5*52 

6*05 

4*18 

2*99 

Ferrous oxide . 

4*54 

9*08 

7*89 

5*92 

23*41 

22*00 

Magnesia 

14*01 

14*22 

15*29 

16*16 

9*40 

2*40 

Lime 

20*62 

20*83 

19*10 

22*00 

14*96 

21*10 

Ferric oxide . 

2*73 

— 

3*85 

— 

— 

% 
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BreislaUte is a capillary or woolly form of pyroxene, occurring in the lavas of 
Vesuvius and those of Capo di Bove. 

A number of minerals result from the alteration of pyroxene. The following table 
from Butley’s ‘Study of Bocks/ shows the composition of the principal of these 
substances. 


Al°O^Or‘'0=* 

Fe“0» 

FeO 

MnO 

MgO 

CaO 


K“0 

TiO“ 

H=0 

Authority 

3 

— 

— 

6 

3 

13 

24 

— 

— 

— 

— 

Eammels- 

berg 

2 

— 

— 

6 

— 

31 

1 

— 

— 

— 

10 

Bose 

0-5 

2-5 

— 

1*5 

1 

24*5 

10-5 

— 


— 

12*5 

Buneberg 

2 

— 

11 

0-5 

26 

2*5 

— 

— 

— 

12*5 

Kohler 

5*5 

— 

13 

8 

— 

12-5 

9 

— 

— 

— 

5 

Streng 

15 

■ — ' 

— 

23-5 

— 

10*5 

1 

1 

5 

— 


Kjerulf 

1 

— 

— 

25*5 

— 

12 

11*5 

— 

— 

— 

1 

Bath 

7 

— 

— 

21 

— 

6 

— 

2 

6 

— 

6-5 

Delesse 

2 

— 

— 

2 

— 

42 

— 

— 

— 

— 

13. 

Scheerer 

1 

— 

— 

1*5 

— 

31 

— 

— 

— 

— 

5 

Bichter 

— 

— 

— 

— 

28 

— 

— 

— 

— 

7 

Tengstrom 

12*5 


16 



7 

7 

2 


' — 

12*5 

V. Walters- 
hausen 

— 

— 

100 

— 

— 

— 

— 

— 

— 





— 

— 

80*5 

— 

— 

— 

— 

__ 

— 

— 

16 

Ullmann 

— 

— 

69 

31 

— 

— 

— 

— 

: 

— 

— 

— 


22 

61-5 

2 

— 

— 

_ 

— 

24-5 

— 

Knop 

— 

, — 

68 

30 

— 

— 

— 

— 

— 

2 


Michael son 


Augite .51 3 

Picrophyll . 50 2 

PyraUoHte . 49*5 0 
Sehiller-spar 43 2 

Epidote . 46 5' 

Mica . . 43 15 

Bralite . 49 1 

Grlauconite .51*5 7 
Serpentine ,41 2 

Steatite . 62*5 — 
„ . 64 1 

Palagonite . 42 12' 

Haematite . — — 

Limonite . 2*5 — 

Magnetite . — — 

Titaniferous ) 

magnetite I 
Ditto . . — — 


Among these products we may specially notice JPalagonite, a substance which 
Bunsen regards as the basis of the basaltic tufas of Cermany, Prance, the Azores 
Canaries, Cape Verde Islands, and of the numerous volcanic islands of the Pacific' 
Dana places palagonite among the hydrous silicates. Bunsen gives it the approximate 
formula 3BO,2SiO*+ 3Al®0®,Si02-j- Aq. It is met with in an amorphous form in 
grains and fragments aggregated into a tufa-like rock, and as a constituent of tufa 
and volcanic conglomerate. The hardness is from 4 to 5. Sp. gr. 2-47-2-7 The 
coloim varies from amber-yellow, through red and brown to black It melts* easily 
to a black magnetic glass. As to its formation Bunsen remarks, ‘ Tufas are formed 
through the action of waters, and often that of heated waters or steam, accompanying 
an eruption of lavas, on the granulated volcanic rock or volcanic sand ; and in this 
process the ferrous oxide of the pyroxene becomes more or less completely changed to 
ferric oxide, and water is taken up, and thus palagonite is produced. As the volcanic 
rock is generally made up of pyroxene and a felspar in very variable proportions 
uniformity in such cases of alteration is not possible.’ (Por analyses see iv. 324.) 

Glauconite, silicate of iron and potassium, sometimes containing small 

quantities of silicates of magnesium and aluminium, is found more frequently in 
sedimentary than in volcanic rocks. It has been found, however, in the latter at 
Monte Baldo near Verona, and at Berufjord in Iceland. Celadonite, in which the 
iron IS m the state of higher oxidation, is found in close proximity at Monte Baldo 
tsee also ii, 846). 

Glauconite, Celadonite, 

cj.,. ^ Berufjord Monte Baldo 

52-04 53-0 


Alumina 4.93 

Ferric oxide 28*0 

Ferrous oxide .... 25*54 

Magnesia 4*26 2-0 

^?tash ...... 6-03 10-0 

^^ter 

_ Homhhnde, or ^m^AzioZe.—Silicates of various monoxides, and of alumina, found 
m tile volcanic rocks of Etna, Vesuvius, Teneriffe, and elsewhere. A specimen Irom 
Etna contained silica 40-91 alumina 13-68, ferrous oxide 17-49, ma|nesTa 13 
iiri67-17b) quantities of fluorine and of water (see further 

^ Magnesium Siheaie, Forsterite, or White Olivine {peridoto bianco of Scaechi), has 
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been found in Yesnvian laras associated vnth spinel! and pyroxene. Silica 42*41, 
magnesia 53*30, protoxide of iron 2*33 (iv. 201). 

Moniicellite, a double silicate of calcium and magnesium, exists in certain lavas of 
Vesuvius and Somma. It contains silica 37*89, magnesia 22*04, lime 34*92, ferrous 
oxide 5*01. 

Olivine, (MgO,FeO)*SiO^ is a common product of many eruptive rocks. 



Etna 

Helda 

Vesuvius 

Eifel 

Silica . 

. 41*01 

43*44 

40*35 

42*21 

Ferrous oxide 

. 10*06 

6*93 

12*34 

8*91 

Magnesia 

. 47*27 

49*31 

46*70 

49*29 

Alumina 

. 0*64 

trace 

— 

0*18 

Nickel . 

. 0*20 

0*32 

— 

— 


(See further iv. 201.) 

Tojpaz, a tribasic aluminium silicate having part of the oxygen replaced by fluorine, 
is said by Monticelli to be occasionally met with as a volcanic product. 

Garnet is found in the lavas of Vesuvius, in the volcanic soil near Frascati, and 
elsewhere in volcanic districts. The iron-alumina-lime garnet is most common. It 
contains silica 39’93 SiO^, 13*45 AFO*, 10*95 FeW, 3*35 FeO, 1*40 MnO, and 31*66 
CaO (ii. 772). 

Zircon, ZrSiO^, has been found in Vesuvian lavas associated with ryacolite. 

Idocrase, or Vesimanite, is found among the ancient ejected blocks of Vesuvius and 
the dolomites of Somma. It resembles some of the lime-alumina garnets in composi- 
tion. General formula 6(2EO,Si02) + 2A1203,3Si02. Contains 37*75 SiO^, 17*23 Al^O^, 
4*43 FeW, 3*79 MgO, 37*35 CaO (v. 998). 

Melilite, Zurlite, BomervilUte, Humholdtilite, are closely related minerals which 
are frequently met with in the lavas of Vesuvius and Somma, and in the slags of iron 
furnaces. Humholdtilite contains 40*6 SiO^, 10*88 Al-OS 4^*43 Fe-0®, 4*54 MgO, 
31*81 CaO, 4*43 Ha^O, 0*36 K^O. 

Biotite, or Magnesia Mica, Al-O^SiO® 3EO,2SiO^ is a common constituent of 
eruptive rocks. It has been found in l3locks ejected from Monte Somma, in brilliant 
crystals. For analyses see iii. 1013. 

Common or Potash Mica is sometimes found in the blocks ejected from Somma. 

Talc, 6Mg0,7Si02, is mentioned by Monticelli as a constituent of some of the rocks 
of Somma. 

Bar oolite, the Analoima carnea of Monticelli and Covelli, is a volcanic mineral of 
somewhat rare occurrence, found in ejected blocks, and having a composition some- 
what like that of Idocrase (v. 196). 

Meionite (called also Bca'polite and White Hyacinth) and Mizzonite are minerals 
resembling each other, found in the rocks of Somma. They are silicates of 

aluminium and calcium, with a small percentage of sodium silicate (iii. 865). 

SiO» A1»0’ MgO CaO lTa=*0 El^O 

Meionite .... 41*80 30*40 0*46 19*00 2*51 0*86 == 95*03 

Mizzonite .... 54*70 23*80 0*22 8*77 9*83 2*14 = 99*46 

Marialite, a mineral found in a volcanic rock called jgiperno, at Pianura, near 
Naples, contains 59*50 SiO^ 20*70 Al^O^, 4*45 Fe^O^ 0*29 MgO, 4*39 GaO, soda 
8*90 Na^O, 1*09 K^O, 

Hephelite, Bavyne, Carolmite, and Bmnmite, very similar minerals, consisting 
essentially of silicates of alumina and of soda or potash, are found in both ancient and 
modern lavas, and may be represented by the general formula AP0^Si0- + R^0,Si02 
(iv. 30). 

Tourmaline, SR-O^SiO^ -h 3RO,SiO^ ; general composition 38 SiO^ 36 Al^O^ 
8B®0® ,* was found by Hrocchi in lava at La Scala and Fosso Grande. 

Bodalite with Bodium Chloride, 3(APO®,SiO- + Na“0,SiO^) + 2NaCl, has been 
found in trap, basalt, and modern volcanic rocks in Italy, Sicily, and elsewhere 
(v. 328). 

Lapis Lazuli is said to have been found in an ejected block from Monte Somma. 
Composition somewhat variable (iii. 470). 

Hauynite, or Hauyne . — Silicates of aluminium and sodium, silicate with sulphate 
of calcium, has been found among volcanic products at Vesuvius,' Auvergne, Monte 
Vulture, Mount Albano, and the Azores (iii. 15). 

Leucite, White Garnet, or Amphigene, A120®.3SiO^ + K^OjSiO^, is a mineral 
confined to volcanic rocks (iii, 583), ^ 
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SiO® A1®0® Na®0 K^O 

V'esuvius (1811) 66*10 23*22 0*57 20*59 = 100*48 

Roeca Monfina ..... 56*36 23*15 0*25 19*31 = 99*07 


Lithia has been detected in Yesuvian leucite. 

Leiioitophyr is a name given to lavas which contain leucite disseminated through 
them in grains. Felspar, nephelite, and kaolin occur with the form of leucite (psea* 
domorphs) as a result of its alteration. 

An(yrtUte, Al-O^.SiO^ + CaO.SiO-, is a common volcanic product of Hekla, 
Vesuvius, Etna, the Faroe Islands, Iceland, and elsewhere. Analyses'. (1) From the 
plains of the Thjorsa, Iceland. (2) From the Isole dei Ciclopi, Sicily (for others 
see i. 308). 



SiO® 

A1®0® 


MgO 

CaO 


K^O 


1. 

48*36 

30*59 

1*37 

0*97 

17*16 

1*13 

0*62 = 

= 100*20 

2. 

41*45 

29*83 

2*20 

0*66 

20*83 

2*32 

1*72 = 

= 99*01 


The anorthite from the plains of the Thjorsa is the TMorsaite of Genth ; that from 
the Cyclops Islands, off the east coast of Sicily, is the Ciclo^ite of Sartorius von 
Waltershausen. 


Al“O*,2Si02 + RO,SiO“[R = 0a,N'a2]. — Found in dolerites and basalts 
in Antrim, Iceland, Italy, Sicily, and elsewhere. It easily rmdergoes decomposition 
under the influence of air, water containing carbonic acid, and alkalis. For analyses 
see ii. 451 ; vii. 512,* viii. 772, 774. 

Oligoelase, 2(Al-03,3Si0-) + 2Ha-0,3Si0-. — Found in many volcanic products in 
Teneriffe and Iceland; in obsidian at Zimapan, in Mexico; in pumice at Arequipa, in 
Peru, and in various lavas and trachytes. For analyses see iii. 198 ; vii. 512, 513 • 
viii. 774. 


Orthoclase, or Potash Felspar, K-Al“Si®0^®, or K‘0,AP0^6Si0% and its glassy 
varieties, sanidin and ryacolite, occur in trachyte and many other volcanic rocks. 
Albite, or Soda-felspar, Na2Al“Si®0‘®, is found in trachyte in the island of Pantellaria, 
at Languijall in Iceland, and many other localities (ii. 620-622; vii. 508-510* 
•nii. 773). 

On Obsidian and Pumice see iv. 169 ; viii. 1422. Almost any lava may be con- 
verted into obsidian by melting and rapid cooling. The writer found that on fusing 
Giant’s Causeway basalt in a gas furnace, and cooling it rapidly, a perfect glass, 
structureless and transparent under the microscope, was produced. By cooling less 
quickly, a substance was obtained which was absolutely opaque in the thinnest sections 
that could be procured. 

Krablite, or Paulite, is the obsidian of Mount Krabla in Iceland, and is similar 
in composition to pitchstones and obsidians. Contains 80*23 per cent. SiO“ 12*08 
A130«, 0*95 MgO, and 7*18 and Na^O. 

The following silicates, described in this or the preceding volumes of this Dic- 
tionary, have also been found amongst volcanic products : 


Analcime 

Apophyllite 

Brewsterite 

Chabazite 

Chondrodite or Humite 

Epistilbite 

Gehlenite 

Guarinite 

Gismondin 


Hersehelite 

Mesolite 

Natrolite 

Okenite 

Prehnite 

Scolecite 

Thomsonite 

Titanite or Sphene 


Borates. Boron occurs in only a few minerals. Sassolite, or native boric acid, 
occurs abundantly in the crater of Vulcauo as a layer upon sulphur ; also on Vesuvius! 
at Kripvik in Iceland, at Atacama, at Sasso near Sienna, in boracic acid lagoons and 
soffioni, and elsewhere. Ammonium sulphate often condenses with it in the soffioni. 
In a hot spring at Krisuvik 1,426 grains of crystallised boric acid have been found. 

Ammonium Borate, or Larderellite, and Iron Borate, or Lagonite, are found as in- 
crustations around the lagoons of Tuscany. 

Sulphates. Sulphuric Acid, mineralogically Sulphatite, is noticed below under 
‘Liquid Volcanic Products.’ 

Aphthitalite, or Potassium Sulphate, the ‘ Vesuvian Salt ’ of Smithson, called also 
Glaserite and Arcanite, has been found in the form of crystals on Vesuvian lava. A 
specimen gave, on analysis, 71*4 K^SOS 18*6 Na^SO^ 4*6 HaCl, and 5*4 CuOP NH^Cl 
^and Fe2(?l® 
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Misenite, or Totassmm-liydrogen Sulphate, has been found by Scacchi in a hot 
tufa cavern near Cape Misenum, in the volcanic district around Naples. Thenardite, 
Na®SO^ was found by Scacchi on the scoriae of Vesuvius after the eruption of 1855. 
Mascagnite, (NH'‘)^SO'*, has been found in the fissures of the lavas of ^na, Vesuvius, 
and Lipari, and in the boric acid lagoons of Tuscany. jBous^ngaultite, a double 
sulphate of ammonia and magnesia, has also been "found in the Tuscany lagoons. 
Mirabilite, Na-SO'^jlOH^O, is abundant in a cavern of the volcano of Kilauea, in the 
Sandwich Islands. It has also been found on Vesuvius. '^h.QlExanthalose of 
found on Vesuvius contained Na“S 0 '* 52 H'‘^O. 6r^SMW>has been found near fumeroles 
from which sulphurous acid escapes, also around the mud cauldrons of Krisuvik. 
Picromerite, a magnesium-potassium sulphate, was found on Vesuvius among the salts 
produced during the eruption of 1855. Clmlcmthite, or Cyanosite, CuS0^6H^0, 
was observed among the Vesuvian minerals after the eruption of 1865. Cyanochroite, 
the CianocroTtia of Scacchi, a hydrous sulphate of potassium and copper, was found on 
the lavas of Vesuvius after the eruption of 1855. Alimogm, Ar-S0®,18H"0, has 
been found at Pasto in the crater of a volcano, atKrisuvik in Iceland, and at Vesuvius. 
Coquhnbite, Fe2(S0'‘)®,9H20, was found by Scacchi around the fumeroles of Vesuvius 
after the eruption of 1865. Kalinite, or potash-alum, has been found in Vulcano 
associated with the alums of Thallimn, Rubidium, and Cmmm, (See Menerai-s of 
Vulcano, p. 1330.) VoUaite, a ferroso-ferrie sulphate (v. 1005), has been found at the 
solfatara of Puzzuoli. Haloirichite, AP(SO‘‘)® + ISH^O, in silky fibres, has been found 
at the solfatara of Puzzuoli and elsewhere. Munite, AlK(S0^)2,AlH^0b3H20, is 
sometimes found in seams in trachytic and allied rocks, as a result of the alteration 
of the rock by sulphurous vapours. Brochantite, CuSO^SCuH^O^, also called Krisu- 
vigite, is occasionally met with among volcanic products, e.g, in small quantities at 
Krisuvik. 

Carbonates. It is questionable to what extent we are justified in regarding any 
carbonate as a volcanic product. The carbonates of copper, calcium, and magnesium 
have, however, been found in blocks ejected from Monte Somma. 

Pbospbates. Apatite, Ca^(PO*)2 containing also chlorine and fluorine, has 
been found in crystals in ejected blocks on Somma near Pollena. Copper- Uranite, 
(TJO’^)“Cu(PO‘*)- + 8H-0, is mentioned by Monticelli as having been found in green 
laminse in cavities of certain lavas of Vesuvius, but the statement wants verification. 

Proximate Composition of Lava, 

The ultimate composition of various typical lavas and mixed volcanic products 
has already been given (p. 2105), The determination of their proximate constitu- 
tion is a matter of greater difficulty ; the microscopic examination of thin sections of 
the rock often reveals to us which minerals preponderate, but no more than this. 

Haughton and Hull have recently endeavoured to arlswer, in regard to Vesuvian 
lavas, the question, ‘ What is the proportion of each mineral present in the lava, and 
why does that proportion exist?’ The various lavas which have flowed from 
Vesuvius are mainly made up of nine minerals of known composition, viz. leucite, 
plagioclase (triclinic felspar), magnetite, olivine, augite, hornblende, mica, nephelite, 
and sodalite, together with an unknown quantity of a paste of unknown composition. 
This paste is the chemical residuum which remains over and above the chemical 
elements used up in the formation of the minerals. The question of the proximate 
composition of the lavas has been discussed by Haughton as a branch of the indeter- 
minate analysis, and he assumes as his starting point the following principle : ‘ Of 

the numerous solutions possible, that one wifi occur in nature which involves the 
largest amount of definite minerals and the least amount of indefinite paste.’ This 
principle has been applied by Haughton to twenty of the Vesuvian lavas, whose date 
of eruption ranges between 1631 and 1868. The lavas vary but slightly in composi- 
tion. The following tables show the ultimate and proximate composition of two 
lavas separated by more than 200 years. 

Ultimate analysis : a. Lava della Scala, 1631 ; h. Fosso Grande, 1858. 

SiO“ P Cl APO* Fe“0® FeO MnO TiO CaO MgO K“0 Na“0 H='0 

a, 47*47 0-45 0'08 0*39 16'67 4-20 5*90 T15 0*23 9*98 4*34 746 2*28 0*08 

b, 46*36 — 0*06 — 18‘60 4*12 4*94 1*00 0*29 9*09 4*00 7*18 2*96 0*40 

* Not determined. 

The proximate constitution of the same lavas, determined by the method of in- 
determinate analysis, and Hanghton’s principle above alluded to, is : 

VoL. VIII, . 6U ' 
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Leucite Anorthite Magnetite Olivine Augite Nephelite Sodalite Apatite Paste 
a, 40*6 6*9 4*9 trace 31*1 6*5 trace 1*1 8*9 

h. 40*8 12*3 4*8 trace 28*6 — 7*1 — 6*34 

The paste of 1631 contained 37*2 per cent. SiO^,^ 16*1 CaO, and 46*7 FeO, and may 
therefore he represented by the formula CaO,EeO,SiO^ 

Nodzdes in the Lava of Santorin, Grecian Archipelago.— to Fonqu^ 
(Compt.rend.\s3:3i. 631), some of these nodnles are hollow, while others are com- 
pletely filled. The hollow nodnles contain wollastonite, together with fassaite, less 
frequently with melanite ; they also contain several undetermined minerals, including 
a chlorinated calcio-sodic silicate. In the perfectly filled nodules melanite is wanting, 
but quartz is said to occur. The nodules are traversed by greyish veins of lava, in 
which a vitreous ground-mass predominates. The follo^ving are analyses of these 
bodies : 

Wollastonite. 


r 


Cracked, 



Associated 



Witt 

Associated with. 

with. Carnet 

Very pure 

Enclosures 

Fassaite 

(l^Ielanite) 

Silica 

46*2 

45*5 

4'3*9 

45*7 

45-0 

Lime 

41*8 

43*0 

41*3 

42*2 

42-1 

Magnesia 

1*5 

0*8 

2*0 

1*9 

1-6 

Alumina . 

7*1 

7*2 

9*5 

8*6 

8-1 

Sesquioxide of iron . 

2*9 

2*8 

2*5 

2*5 

2-8 


99*5 

99*3 

99-2 

100-9 

99-6 



Melanite G arnet 

Fassaite Pyi-oxene 

Silica . 


. 35-6 


46-8 


Alumina . 


. 12-2 


101 


Sesquioxide of 

iron . 

. 16*8 


10-4 


Lime . 


. 33*3 


24-9 


Magnesia . 


. 1*2 


6-8 




99*1 


99*0 



Fouqu6 has also analysed masses rich in oligoclase, which are enclosed in the 
Santorin lavas. These masses, which to the naked eye appear compact, are resolved 
by microscopic examination into aggregates of predominant felspar, less abundant 
pyroxene, and a small proportion of magnetic iron oxide, all irregularly imbedded in 
a greenish-brown vitreous mass. The majority of the pyroxene crystals are found, on 
closer optical examination, to be rhombic, and have been recognised by Des Cloizeiiux 
as hypersthsne ; the minority are monoclinic, and consist of true axigites. Analyses : 
(1) Oligoclase; (2) Hypersthene; (3) the entire aggregates. 



SiO=* 

Fe»0» 

APO* 

CaO 

MgO 

Na»0 


Sp. gr. 

1. 

69-7 

' 0-4 

23-2 

7*9 

1-0 

6-6 

0-8 = 99*6 

2-629 

2. 

48*6 

21-3 

6-0 

3-2 

20-0 

trace 

— = 99-1 

3-472 

3. 

58-4 

8-1 

20-7 

6-0 

2-7 

3*7 

0-5 =100-3 

2-687 


The species of felspar recognised by Fouqu6 in the latest eruption of Santorin are 
albite, oligoclase, labradorite, and anorthite. 

On the volcanic phenomena of Santorin, see further ^Santorin et ses f Jmp ti ons, ’ iga,r 
F. Fouqu6, 4to. Paris, 1879 ; abstr. Jahrbuch fiir Mineralogies 1880; ii. Band. Befe- 
rate, 305-309; Chem. Soo. el., July 1881. 

II. LiQuin Volcanic Products. 

Water is the liquid which most frequently makes its appearance in all manifesta- 
tions of volcanic activity. Indeed, it is frequently asserted that volcanic phenomena 
depend upon the presence of water, and that superheated steam is the cause of all the 
phenomena of ejectment which volcanoes present. Steam is sometimes continuously 
emitted for years from the craters of volcanoes, or from fissures or orifices on their 
flanks, or from the floors of otherwise dormant craters. ‘ That the lava of volcanoes,’ 
says Professor Judd, .‘is a fluid mass containing imprisoned water, which, as it is 
relieved from pressure, flashes into steam, is now recognised by all geologists.’ The 
changes of composition produced by the action of superheated water upon rocks are 
very various. These changes can be very advantageously studied in Iceland, and 
Bunsen has done much to extend our knowledge of thermal springs and water-meta- 
^ morph^m in that country. The springs of Iceland Are distinguished from all other 



VOLCANIC PRODUCTS. 


2115 


European thermal springs by the large quantity of silica •wbicii they contain. They 
are either acid or alkaline. The former are connected with the solfataras, or iiamars, 
and owe their acidity to the presence of ammonia, soda, or potash alums. They con- 
tain various sulphates and chlorides, and deposit sulphur and gypsum. The alkaline 
springe are the commoner of the two, and constitute Ge^sirs, Langs, and Hvers. 
Their alkaline reaction is due to the presence of alkaline sulphides and carbo- 
nates, which serve as solvents for the silica, and produce deposits of siliceous sinter 
or geyserite. 

The following is an analysis by Bunsen of a slightly acid water taken in August 
1846 from one of the largest of the mud cauldrons of the Eeykjahlider solfatara, 
between the N.E. declivity of the Namarfjall and the Burfell lava stream, in 10,000 
parts ; 

OaSO* MgSO" (NH*)“SO* A1=(S0‘)^ Na“30* K“SO-‘ SiO= A1=0» H*S 

1*2712 1*0662 0*7333 0*3261 0*2674 0*1363 0*4171 0*0537 0*0820 

The water of the Great Geysir, analysed in Bunsen’s laboratory by JDr. Sandberger 
in 1846, gave in 10,000 parts : 

SiO* Na“CO® (NH*)^00“ K»SO* MgSO* NaCl Na^S CO* 

0*5097 0*1939 0*0083 0*1070 0*0475 0*0042 0*2521 0*0088 0*0577 

None of the rocks of Iceland resist the decomposing action of thermal waters, and 
these decompositions may be traced in the rocks of all ages. A variety of pro- 
ducts is the result. The siliceous compounds with which these waters come into con- 
tact are formed into acid or basic silicates ; the former are dissolved by the waters, 
the latter give rise to insoluble strata of clay. 

ilt/izid— Certain small volcanic vents in various parts of the world bring to the sur- 
face quantities of hot argillaceous mud, resulting from the action of water containing 
various substances in solution, upon different kinds of rock, at varying temperatures 
and pressures. 

S2clp?mriG acid is often found in the neighbourhood of volcanoes, containing in 
solution various sulphates, which it has dissolved out of the different rocks with 
which it has been in contact. It is found in cavities in the small volcanic mountain 
called Zoccolino, near Siena; in the stream issuing from Mount Puraee, between 
Quito and Bogoto ; in a stream proceeding from Mount Idienne, in Java ; and else- 
where. The water of the Rio Vinagre, which rises near the Volcano Puraee, has 
been found by Boussingault to contain in 100,000 parts : 

SO* HCl SiO* A1*0* CaO Ka*0 

134*75 121*70 2*37 40*28 13*33 12*32 == 324*75 

A torrent near Pastowas sufficiently acid to evolve hydrogen in contact with zinc. 
Near the Rio GuaH a thermal spring was met with which contained 634*6 parts of 
snlphuric acid in 100,000. The sulphuric acid is undoubtedly produced by the action 
of hydrochloric acid at a temperature of from 700° to 900° upon sulphates ; and the 
hydrochloric acid results from the action of aqueous vapour and silica upon chlorides 
at a red heat {Gom;pt. rend. 78, p. 455 et seq.; Chem. 8og. J. 1874, p. 562). 

Liquid Hydrocarhons. — Various liquid hydrocarbons have been found from time to 
time in the neighbourhood of volcanoes, as by Breislak at the foot of Vesuvius, in the 
Val di Noto in Sicily, and among the extinct volcanoes of Auvergne. Quite recently 
Silvesbri has detected a mineral oil in the cavities of a prehistoric doleritic lava found 
near Paterno, on the flanks of Etna (see Pauaffins, p. 1489). It was found in close 
proximity to the clay deposits of a mud volcano. The lava consisted mainly of augite 
with crystals of olivine and labradorite. It contained numerous cavities lined with 
arragonite and filled with a mineral oil, which latter was found to constitute about 
1 per cent, of the whole weight of the lava. The mineral oil was taken from the lava 
at a temp, of 24° C., and it soldified at 17° to a yellowish-green mass, which on 
analysis gave the following composition : ^ 

Liquid hydrocarhons boiling at 79° 

Hydrocarbons solidifying below 0°, andl 
boiling between 280° and 400 ° J 
Paraffin melting between 52° and 57° 

Asphalt containing 12 per cent, of ash 
Sulphur 

99*92 

^ A(ti Accademia Giomia. Serie III. vol. xii. 

6u2 


= 17*97 
== 31*95 

= 42*79 
= 2 90 

^ 4*32 
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HI. GrAsEous Volcanic Peoducts. 

The principal gaseous products of volcanoes are oxygen, hydrogen, nitrogen, chlo- 
rine, steam, hydrochloric acid, ammonia, sulphurous acid, hydrogen sulphide, carbonic 
acid, and marsh gas. The gases which are evolved from the principal vent after the 
issue of lava frequently consist of little else than atmospheric air. Hydrochloric acid 
and sulphurous acid, particularly the former, are products of intense volcanic activity. 
Carbonic acid and nitrogen appear during the more languid periods of activity, while 
hydrogen sulphide holds an intermediate position, and is never evolved during the 
most active stage. 

The following analysis by Bunsen of the gases of a fumerole in the great crater of 
Hekla, in 1845, will illustrate the general nature of the gases evolved after the emis- 
sion of lava : 

N O 00“ S0“ 

81-81 14*21 2*44 1*54 - 100 

At the solfatara of Krisuvik, in Iceland, jets of steam mixed -with other gases issue 
from the ground with sufficient force to project stones as large as the fist to a height 
of several feet. The jets of vapour were found by Bunsen to contain in 100 parts : 
82*30 H^O, 15*47 CO-, 1*17 H^S, 0*76 H, and 0*30 H. The mixed gases separated 
from the aqueous vapour contained in 100 parts: 87'43 CO-, 6*60 H^S, 4*30 H, and 
1*67 N. 

In the course of twenty-four hours this fumerole yields approximately 223 cubic 
meters of hydrogen sulphide and 12 cubic meters of hydrogen. A neighbouring 
fumerole gave a mixture of gases containing 15*71 per cent, of sulphuretted hydrogen. 

The following is the analysis by Bunsen of a fumerole gas from Eeykjahlidh, in 
the north of Iceland, remarkable for the large amount of hydrogen which it contains : 

CO= H H=S N 

30-00 25-13 24*13 0*72* = 100 

Fumerole gas from tho immediate neighbourhood of the great geysir at Haukadalr 
gave : 

N CO= H H“S 

84*11 8-92 6*59 0*38 = 100 

Silvestri analysed some of the fumerole gases of the eruption of Etna in 18G5, and 
found them to consist of : 

CO“ H=S 0 N 

50*5 11*9 7*0 SO-5 

The gas evolved from a fumerole in the volcanic island of Santorin after the eruption 
of 1866 was found by Goreeix {Oompt. reiid, Ixxv. 270) in 1870 to contain 19*4 HCl, 
12*0 S02, and 68*5 CO“. Goreeix has also analysed the gases emitted from tlie 
fumeroles of Nisyros {Compt. reoid. Ixxviii. 444-6). Fumerole No. 1 was situated 
within the aperture formed in June 1873 ; No. 2, on the lateral wall ; Nos. 3-6 were 
on the flanks of the original crater. The carbonic acid and sulpliiirettod hydrogen 
obviously decrease with the increase of distance from the centre of activity. 



Temperatures 100° 

100° 

9G° 

92° 

70° 

55° 


I 

II 

III 

IV 

V 

VI 

Sulphuretted hydrogen , 

, 48-8 

44*5 

4*6 

1*5 

— 

— 

Carbonic acid 

, 40*9 

49-2 

1-8 

14*7 

7*0 

5*5 

Oxygen 

. 1*1 

1-0 

13*8 

15*6 

18*1 

18-2 

Nitrogen 

. 3*2 

5-2 

63-5 

67*8 

74*8 

79-2 


Of the various gaseous volcanic products free hydrogen is at first sight the most 
difficult to account for. Bunsen has shown that the conversion of pyroxenic rocks 
into palagonite is accompanied by a considerable disengagement of pure hydrogen, 
which results from the oxidation of ferrous silicate into ferric silicate. This change, 
however, presupposes so high a temperature that carbonic acid could not exist in con- 
tact with hydrogen without suffering partial reduction to carbonic oxide ; but no 
trace of this gas is found in volcanic emanations. The formation of hydrogen and 
the other fumerole gases may, however, be supposed to take place as follows. When 
sulphur-vapour and steam come into contact with pyroxenic rocks at a red heat, a 
partial decomposition of ferric oxide takes place, and the sulphur is divided between 
the iron and the oxygen, forming sulphurous acid and sulphide of iron, FeS*. If steam 
now comes into contact with the sulphide at a red heat, hydrogen sulphide is formed 
together with magnetic iron oxide, Fe®0‘*. If the temperature slightly exceeds a red 
heat, a part of the hydrogen sulphide is decomposed into hydrogen and sulphur. 

^ Bunsen found that when basalt is heated to redness in hydrogen sulphide, and after- 
* So in tlie original paper; probably a misprint for 20-72, 
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wards raised to a higher temperature in a current of steam, a gaseous mixture is 
evolved, giving by analysis 9 3 ‘99 per cent. H^S and 6*01 H. This reaction explains 
the occurrence of hydrogen in fumerole gases. Bunsen considers that the metahic copper 
found in the palagonite tttjT of the Faroe Islands has been reduced by hydrogen &om 
copper* chloride. 

Diego Franco {Ann. Chim. Ph^s. [4], xxx. 87 ; Jahresh.f. Chem. 1873, 1229) has 
demonstrated the emission of carbon dioxide in all stages of volcanic action, especially 
from Vesuvius, in which he has found this gas both in the central cone and in the 
flowing lavas. He has also given numerous analyses of gases emitted from flowing 
and from hardened lava, and found carbon dioxide in them all. 

G. F. E. 

VOS^tJAXE, SPBCXFXC. Atomic Volume ~{\). oriiiguids. By dividing 
the specific gravities of liquids taken at the temperatures at which their vapour- 
tensions are equal to the standard atmospheric pressure — that is,, at their ordinary 
boiling points — ^into their molecular weights, certain comparable values are obtained 
which are known as specific volumes. If the specific gravities are referred to 
water at 4° C., these values represent the number of cubic centimeters occupied by 
the relative molecular weights of liquids, expressed in grams, at their respective 
boiling points under the standard pressure. The numbers so obtained were first 
shown by Hopp to exhibit certain definite relations which may be briefly indicated as 
follows : 

1. In numy distances differences in specific volume are proportional to differences in 
corresponding chemical fomnulm. Thus a difference of CH- in a homologous series 
corresponds to a difference of about 22 in the specific volume, or (CH^)a:-22a:. On 
comparing the specific volumes of similarly constituted haloid compounds, it is seen 
that the substitution of n atoms of bromine for an equal number of chlorine atoms 
increases the specific volume by hn, 

2. Isomeric and raetamerie liquids have, as a rule, the same specific volume. 

3. The substitution of an atom of carbon for 2 of hydrogen makes no alteration in 
the specific volume of members of certain groups of organic liquids. 

It would seem to follow, from Kopp’s observations, that the specific volume of a 
liquid formed by the union of two other liquids is equal to the sum of the specific 
volumes of its components. It may also be inferred that the members of the same 
family of elements possess identical specific volumes; thus the common value of 
phosphorus, arsenic, and antimony would appear to be about 27 ; that of silicon, 
titanium, and tin would seem to be about 35. 

On the basis of these conclusions Hopp was able to calculate certain fundamental 
values for the specific volumes of the elements in combination. These values are as a 
rule constant for the particular element ; thus carbon has invariably the value 11, 
hydrogen that of 5*5. Exceptions are observed in the case of the chemical analogues 
oxygen and sulphur. Each of these bodies has two values, depending, it would seem, 
on its mode of combination, or on its relation to the remaining atoms in the molecule. 
For example, acetone and allyl alcohol have each the empirical formula C®H®0, but 
the specific volume of acetone is 78*2, whilst that of allyl alcohol is 73*8. The con- 
stitution of acetone may be expressed by the formula GH^.CO.CH®, whilst that of 
allyl alcohol is CH-xzCH — CH^OH. In the case of acetone the affinities of the 
oxygen are wholly satisfied by the carbon — that is, we have reason to think that the 
oxygen-atom is more intimately associated with one of the carbon atoms than it is 
with any one of those of the other elements, whereas in allyl alcohol a moiety of the 
combining value would seem to be satisfied by carbon and the remainder by hydrogen. 
It appears, then, that when oxygen is united to an element by both its affinities, its 
specific volume is 12*2 ; when it is attached by only one combining unit, its specific 
volume is 7‘8. The corresponding values for sulphur are 28*6 and 22*6. 

Thorpe has pointed out {Proc. Boy. 8oc. clx. 1875) that these differences in the 
values for the specific volumes of oxygen and sulphur may be employed to throw 
light upon the constitution of such bodies as phosphoryl trichloride and thiophosphoryl 
trichloride. If the phosphorus in these substances be regarded as trivalent, they must 
possess the constitution 

Cl^F— 0-Cl GPP— S— Cl 

If, on the other hand, the phosphorus is quinquivalent, they must be written 
CPP=r:0 CPPzzS 

It is obvious that the knowledge of the specific volumes of POP, POOP, and PSCP 
will serve to indicate the mode of combination of the oxygen and sulphur, and hence ^ 
to determine the atomic value of the phosphorus in these compounds, provided that 
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the specific volume of the phosphorus is invariable, or is independent of its atomic 
value. 

The sp. vol. of POP, according to Thorpe, is 93*3 ; Pierre found 93*o ; Buff, 93-3 ; 
the mean of these numbers is 93*4. Buff and Thorpe found the sp. vol. of POOP 
101-4 ; v'hilst that of PSCP, according to Thorpe, is 116-1. % 


Sp. vol. of POCi= - Sp. vol. PCI" 
101-4 - 93-4 


Sp. vol. of 0 
8-0 


Calc. sp. vol. 
7-8 


Sp.vol.PSOP 

116*1 


Sp. vol. POP Sp. vol. of S 
93-4 == 22*7 


22-6 


That this close agreement between the observed and calculated values is not a mere 
coincidence is seen from the fact of the difference between the two values respectively 
of oxygen and of sulphur ; in the one case the difference is 4*4, in the other it is 6*0. 

The observations of Pisati and De Franchis {Gazz. Chim. ital. 1874 ; Ber, deutsch 
Chem, Ges. 1875, 70; Jahr. 1875, 50) of the thermal expansion of solid and liquid 
phosphorus afford a determination of the specific volume of this element in the free 
state. The phosphorus melted at 44-4°, and boiled at 278-3° under a pressure of 
762 mm. The following numbers, selected from the numerous observations of Pisati 
and De Franchis, show its specific gravity at various temperatures : 


Solid Liquid 


0° 

1*83676 

40° 

1*74924 

20° 

1*82321 

100° 

1*69490 

44° 

1*80681 

200° 

1*60270 



280° 

1*52867 


The ratio of the volumes of solid and liquid phosphorus at 40° was 1*03446, and 
at 44° 1-0504. Kopp found 1*0343 at 44°. The volume of the solid phosphorus at 
^° referred to that at 0° is expressed by 

= V, + 0-000200^; + 0*000000115^5**^. 

The expansion of liquid phosphorus between 50° and 280° is given by the 
expression ' 

== Vgo + 0*0002969 (z5 - 50) + 0*0000002115 (z5 ~ 50)'-. 

Pisati and De Franchis found some difficulty in preventing a partial transforma- 
tion of the yellow phosphorus into the red modification, and the numbers denoting the 
specific gravity at higher temperatures are probably slightly too high on this account. 
The observation of Schrotter that melted phosphorus at 44° has a higher specific 
gravity (1*88) than when solid at 10° (1*83) was probably owing to tho same cause. 
The specific volume of phosphorus calculated from the observations of Pisati and De 
Franchis is 20*2. A similar result has recently been obtained by Masson and Bamsay, 
who found the specific gravity of phosphorus at its boiling point to be 1*485, whence 
the specific volume 20*91. The sp. vol. of phosphorus in the free state is therefore 
different from that which it possesses in such compounds as PCD, PBr^ and PC1-.CH®0. 
Whether it is different from that of the element as existing in POOP, POBrOP, and 
PSOP depends upon the view which is taken of the constitution of these bodies ; but 
there is no d priori reason for supposing that the volume of the combined phosphorus 
would be different in the two series of compounds. It may be contended, from the 
well-known anomaly in the vapour-density of the element, that free phosphorus and 
combined phosphorus are not in comparable molecular states. 

The specific volume of nitrogen also appears to be variable. According to Kopp 
in the amines it is 2*3 ; in cyanogen and certain nitro- compounds it is about 17. No 
rational explanation of this difference has yet been given. In fact, the observations 
of Bamsay {infra) seem to afford widely different values for the specific volume of 
nitrogen in different amines, and appear also to show that this element has a distinct 
value in the pyridine series of bases. • On the supposition that the atomic value of an 
element is variable, Buff has suggested (Ami. Chem. Bharm. Suppl. iv. 129) that its 
specific volume is a function of that value. So ^ far as we know there is no a priori 
reason why oxygen, sulphur, and nitrogen should alone possess variable specific 
volumes. (Compare i. 440-452 and vi. 235-237.) * “ 

Thorpe has recently determined the sp. vol. of a large number of specially selected 
liquid substances (Chem. Soq. J. 1880, xxxvii. 145-394), with the view of obtaining 
facts for a discussion of the following points : 

1. Is it definitely established that an element in combination has, as a rule, an 
invariable specific volume ? May not the volume be modified by the number of the 
atoms that particular clement in the molecule ? Is it altogether independent of the 
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general complexity of the molecule, or may not the specific volume of the molecule be 
a function of its weight ? 

2. Do the various members of a given family of elements possess identical specific 
volumes, or may not the volume be a function of the atomic weight ? 

3. Would a re-examination of the cases of so-called variable atomic value serve 
to show that the specific volume of an element is a function of that value, as Buff 
supposes ? 

4. The hypotheses of Mendelejeff and Meyer indicate the need for additional and 
more exact determinations of the values for the specific volumes of the elemental^ 
bodies. 

The method of observation was essentially that employed by Kopp, which involves 
the determination of the sp. gr., boiling point, and rate of thermal expansion of the 
liquid. For the details of the modes of experiment, which differed in many respects 
from those hitherto adopted, we must refer to the original memoir {loc. cit,) The 
sp. grs. were taken at 0°, and are compared with water at 4® ; the boiling points are 
corrected and reduced to the standard pressure, and the rates of expansion are repre- 
sented by expressions of the form 

Y — \ at ct^. 

All temperatures are expressed in air-thermometer degrees. 

The results are contained in the following tables. Table I. gives the several 
values of the coefficients in the expression representing the thermal expansion of the 
particular liquids investigated. 

Table II. shows the relative volumes of the several liquids at every 10° between 
0° and their boiling points. 

Table III. shows the formulae and molecular weights of these bodies, their boiling 
points under the standard pressure, their relative volumes at this temperature, their 
specific gravities at 0°, and at their respective boiling points, and lastly their specific 
volumes. 

The conclusions which Thorpe deduces from his observations may be stated as 
follows. 

1. It does not seem absolutely proved that isomeric liquids of the same chemical 
type, using that phrase in the sense in which Kopp employs it, have invariably the 
same specific volume. It is certain, for example, that ethylidene chloride and Dutch 
liquid have not the same specific gravity at their boiling points, and accordingly 
have not the same specific volume. The observations have given for — 

Sp. gi*. at b.p. Sp. vol. 

Ethylene chloride . . IT 5635 85*34 

Ethylidene chloride . . ^ 1*10923 88*96 


3*62 


This difference of 3*62 cannot be attributed to errors of observation. Moreover 
the specific volumes of ethylene chloride and of its analogues, C-H^Br^ and C-HTCl, 
are considerably below the numbers calculated by means of Kopp’s values. 


Ethylene chloride 
„ bromide 

,, chloriodide. 


Observed 

Calculated 

DifE. 

85*3 

89*5 

4*2 

97T 

99*5 

2*4 

101*0 

104*2 

3*2 


It seems not improbable that the specific volume of carbon or of hydrogen, or of 
both, may be slightly modified by the mode in which the atoms are grouped in a 
compound ; that we may have, in fact, variations of a kind analogous to that which 
Gladstone, and more recently Bruhl, have shown to exist in the atomic refraction of 
carbon, dependent on the manner of its combination. Indeed, it is not improbable 
that an intimate connection exists between the refractive power of such compounds and 
their specific volumes, Landolt has inferred that differences of molecular grouping in 
no way affect the refractive index of the constituent atoms, and Gladstone has shown 
that as a general law the molecular refractive power of a body is equal to the sum 
of the refraction of the atoms, just as it has been inferred that the specific volume of 
carbon is invariable, and that the specific volume of a compound liquid is equal to the 
sum of the specific volumes of its constituent elements or compound radicles. Ex- 
ceptions, however, are known to this law. Thus the molecular refraction of many 
benzene derivatives, ethereal oils, and terpenes, and other bodies relatively rich in 
carbon, is considerably greater than that calculated from their atomic refractions. 
Briihl has succeeded in detecting the relation between the constitution of these bodies 
and their optical character ; he has shown that their refractive power depends upon the 
mode of combination of the constituent atoms. It appears, for example, that in 
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case of imsaturated bodies tbe atoms, which are more than once directly united to 
each other, exert a greater influence in propagating light than atoms which with the 
same atomic value are united to other atoms. Gladstone has pointed out that 
isomeric bodies occasionally differ widely in their optical properties. Thus aniline and 
picoline, each C^H^N, have widely different refraction equivalents. It is also certain 
that they have totally distinct specific volumes ; thus : 

Aniline Picoline 

106*2 111*5 

It may be further noted that a large number of these bodies, of which the molecular 
refraction is greater than the computed value, have also a specific volume considerably 


Table I. 


Substance 

a 

b 

c 

Bromine . 

0*00106218 

0-00000187714 

-0*000000003085 

Iodine monochloride . 

0*00091590 

0-00000083296 

0*000000002750 

Ethylene bromide 

0*00095285 

0-00000068346 

0*000000003947 

Ethylene ehloriodide . 

0-00093692 

0-00000041513 

0*000000004501 

Ethylene chloride 

0*00115303 

0-00000082569 

0*000000009625 

Ethidene chloride 

0*00128402 

0-00000189062 

0*000000007848 

Acetyl chloride . 

0*00136948 

0*00000207390 

0-000000012185 

Trichloracetyi chloride 

0-00109113 

0-00000027205 

0-000000008293 

Chloral 

0-00108715 

0-00000280306 

-0-000000016040 

Pentachlor ethan e 

0*00094901 

-0*00000007450 

0-000000005280 

Methenc chloride 

0*00130805 

0-00000273500 

-0*000000001330 

Chloroform 

0*00123024 

0-00000171380 

0*000000008338 

Chloropicrin 

0-00110070 

0-00000046576 

0*000000007833 

Carbon tetrachloride . 

0*00120719 

0-00000067109 

0*000000013478 

Bromoform 

0*00094116 

0*00000027800 

0*000000004260 

Trichlorohrommethane 

0-00108231 

0*00000065582 

0*000000005858 

Proprionitrile . 

0-00122775 

0*00000204064 

0*000000004675 

Epichlorhydrin , 

0-00102660 

0-00000061974 

0-000000006657 

1 Allyl alcohol 

0-00099371 

0-00000059986 

0-000000012285 

Acetone 

0-00135293 

0-00000302426 

-0*000000000290 

Heptane 

0-00121023 

0*00000111330 

0-000000011740 

Ethyl-amyl 

0-00123940 

0*00000119318 

0-000000013060 

Octane 

0-00118304 

0*00000018665 

0-000000012947 

Bi-isobutyl 

0-00119701 

0*00000062122 

0*000000014166 

Aniline 

0-00086295 

0*00000027351 

0*000000003466 

Picoline 

0*00096653 

0*00000084590 

0-000000004567 

Nitrogen tetroxide 

0-001591 

-0*00000397015 

0*0000002153 

Silicon tetrachloride . 

0-00133095 

0*00000280978 

0*000000002157 

Titanium tetrachloride 

0*00098261 

0*00000050553 

0-000000005131 

Tin tetrachloride 

0*00116055 

0*00000064617 

0-000000007727 

Phosphorus trichloride 

0-00115920 

0*00000116370 

0-000000008029 

Phosphorus tribromide 

0-00084117 

0*00000054289 

0-000000001889 

Phosphoryl chloride . 

0 00107510 

0*00000090131 

0-000000005757 

Thiophosphoryl chlo-) 
ride ) 

0*00100850 

0*00000065582 

0*000000004746 

Phosphoryl bromo- ) 
chloride 1 

0*00100520 

0*00000049053 

0*000000004407 

Ethoxyphosphorus ) 
chloride i 

1 0-00102304 

0*00000187367 

-0-000000000610 

Phosphenyl chloride . 

0*00082582 

0*00000014461 

0-000000002863 

Vanadyl trichloride . 

0*00096524 

0*00000089826 

0-000000003192 

Arsenic trifluoride 

0*001443 

0*000000297 

— 

Arsenic trichloride 

0-00099134 

0-00000084914 

0-000000002755 

Thionyl dichloride 

0-00116419 

0*00000091418 

0-000000009537 

Sulphothionyl chloride 

0-00093425 

0*00000041082 

0-000000004077 

Chlorosulphonic acid . 

0*00090505 

0*00000011865 

0-000000002394 

Sulphuryl dichloride . 

0*00123065 

0*00000075938 

0-000000014587 

Bisulphuryl chloride . 

0*00096830 

0*00000086710 

0-000000001862 

Ghromyl dichloride . 

0*00095860 

0*00000010737 

0-000000001962 

^Carbon disulphide 

0*00115056 

0-00000111621 

0-000000017476 
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Table II. 


AC 

ciT 

p 

Iodine monocbloride, 
101 

4 

'h 

fP 

Pq 

o 

hi 

o 

air* 

PO 

.s 

t 

Ethylene chloride, 
0“H*OP 

1 

3 

• ^ 

< 

-2 

il 

o s.. 

r 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

lOOOOO 

10 

101081 

100925 

100960 

100942 

101162 

101304 

101391 

101095 

20 

102197 

101867 

101936 

101894 

102347 

102650 

102832 

102200 

30 

103347 

102830 

102931 

102860 

103559 

104044 

104328 

103320 

40 

104592 

103815 

103946 

103843 

104806 

105489 i 

105888 

104461 

oO 

105742 

104822 

104984 

104845 

106092 

106991 

107518 

105627 

60 

106983 

105855 

106049 

105868 

107423 

108554 



106824 

70 

— 

106914 

107140 

106916 

108806 

— 

I 

108056 

80 

— 

108001 

108262 

107992 

110246 

— 

. — 

109328 

90 

1 

109118 

109417 

109097 

— 

— 

— 

110645 

100 



110267 

110607 

110234 

— 

— 



112013 

no 

— 

— 

111834 

111408 

— 

i — . 

— 

113436 

120 

— i 

— 

113101 i 

112619 

— ‘ 

: — 

— 

114918 

130 

— 

— 

114409 

113871 

— 

— 





140 

1 

1 

! 

115166 

— 

— 

— 

— 


AC 

w 

p 

6 

u 

6 

» 1 
p 

I, 1 
16 1 

i 

. .. .. 

Methene chloride, 
CH’GP 

OMorotorm, OHCP 


Carbon tetrachloride, 
CCl* 

P 

w 

0 

B 

t-i 

1 
§ 

M ' 

p ^ 
pp 

P!Lt 

.So 

S flj 

a s 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

10 

101114 

100949 

101335 

101248 

101106 

101215 

100944 

101089 

20 

102274 

101899 

102724 

102536 

102226 

102452 

101897 

102196 

30 

103470 

102855 

104167 

] 03867 

103365 

103718 

102868 

103322 

40 

104694 

103818 

105662 

105248 

104528 

105022 

103837 

104472 

50 

105936 

104792 ! 

— 

106684 

105718 

106372 

104829 

105649 

60 

107186 

105781 ! 

— 

108179 

106941 

107776 

105839 

106867 

70 

— 

106788 1 

— 

— 

108202 

109241 

106870 

108098 

80 

— 

107815 i 

— 

— 

109505 

110777 

107925 

109378 

90 

— 

1 108866 


— 

110855 

— 

109006 1 

110699 

100 


109944 

— 

— 

112266 

— 

110116 

112065 

no 

— 

111052 

— 

— 

113714 

— 

■ 111256 

— 

120 

— . 

112193 

— 

— 

— 

— 

112430 i 

— 

130 

— 

113371 

— 

1 — 

— 

— 

113641 

— 

140 

— 

114587 

— 

i — 

— 

— 

114890 

— 

150 

— 

115849 

— 

1 

— 

— 

116180 

— 

160 

— 

117156 

— 

j — 

— 

— 

— 

— 




2122 


VOLUME (SPECIFIC). 


Table II. — continued. 


AC 

o' 

I? 

Iw 

i 

lo 

S 

Allyl alcohol, 

0 
|l 

6 

1 

*§ 

< 

b 

i 

■i 

55* 

w 

Etliyl-amyl, 

h 

h 

qT 

1 

o 

Di-isobutyl, 

0 

100000 

100000 

100000 

100000 

300000 

100000 

100000 

100000 

10 

101249 

101033 

101026 

101383 

101222 

101253 

101186 

101205 

20 

102541 

102083 

102072 

102827 

102474 

102537 

102384 

102430 

SO 

103879 

103154 

103145 

104330 

103763 

103861 

103601 

103685 

40 

105267 

104248 

104252 

105894 

105094 

105232 

104845 

104978 

50 

106707 

105371 

105402 

107517 

106476 

106659 

106124 

106317 

60 ! 

108202 

106526 

106601 

109200 

107916 

108148 

107445 

107712 

70 1 

109755 

107718 

107857 

— 

109420 

109709 

108817 

109169 

80 

111367 

108950 

109176 

— 

110995 

111348 

110247 

110699 

90 

113044 

110227 

110568 

— 

112650 

313070 

111742 

112309 

100 1 

114786 

111551 

112038 

— 

114390 

— 

113312 

114008 

110 ' 

— 

112929 

— 

— 

— 

— 

114963 

115804 

120 

— 

114362 

— 

— 

— 

— . 

116702 

— 


AC 

Aniline, C®H’N 

1 

o 

l‘ 

fu 

© 

1 

1 

Silicon tetrachloride, 
SiCl* 

Titanium tetrachlo- 
ride, TiCE 

rST 

1 

fl 

B 

1 

M 

sg 

1 ^ 

Pi d 
m ^ 

PM 

Phosphorus tribro- 
mide, PBr® 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

10 

100866 

100975 

101573 

101359 

100988 

101168 

101172 

100847 

20 

101740 

101071 

103196 

102776 

101990 

102353 

102371 

101706 

30 

102623 

10298S 

— 

104252 

103007 

103561 

103604 

102577 

40 

10351S 

104031 

— 

10,1787 

104044 

104795 

104874 

103463 

50 

104426 

105301 

— 

107384 

105104 

106061 

106187 

104365 

60 

105351 

106202 

— 

109044 

106188 

107363 

107547 

105283 

70 

106294 

107337 

— 

— 

107302 

108706 

108960 

106218 

80 

107266 

108507 

— 

— 

108447 

110094 

110429 

107173 

90 

108241 

109717 

— 

— 

109627 

111532 



108148 

100 

109250 

110963 

— ’ 

— 

110845 

113024 



109143 

110 

110285 

112263 

— 

_ 

112103 

114576 1 



110161 

120 

111348 

113606 

— 

— 

113406 

1 



111202 

130 

112442 

114998 

— 

— 

114756 

! 



112266 

140 

113569 

— 

— 

— 

116155 

— 



113357 

150 

114729 

— 

— 

— 

— 

— 



114476 

160 

115927 

— 

-r- 


— 

— 


115622 

170 

117163 

— 

— 

— 

— 

— 



116796 

180 

118441 

— 

— 

— 

— 

— 

— 

— 
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AC 

Phosplioryl chlo- 
ride, POOP 

ft 

.2^ 

Phdsphoryl broiiio- 
cMoride, POBrOP 

o 

os.. 

■a? 

go 

a® 

TI 

% 

§o 

o 

s 

Vanadyl chloride, 
VOCP 

cT 

g 

i 

o 

1. 

'S o 

o 

s 

< 

0 

100000 

100000 

100000 

100000 

100000 

100000 

10000 

100000 

10 

101086 

101025 

101010 

101042 

100828 

100975 

10145 

101000 

20 

102194 

102047 

102034 

102121 

101660 

101969 

10290 

102019 

30 

103330 

103097 

103072 

103237 

102498 

102985 

10436 

103058 

40 

104496 

104169 

104128 

104388 

103345 

104025 

10582 

104119 

oO 

105696 

105266 

105204 

105576 

104201 

105091 

10729 

105203 

60 

106932 

106390 

106303 

106800 

105069 

106184 

10876 

106313 

70 

108209 

107544 

107428 

108058 

105950 

107306 

— 

107449 

80 

109530 

108731 

108581 

109352 

106846 

108460 

— 

108615 

90 

110898 

109953 

109765 

110681 

107758 

109647 

— 

109811 

100 

112518 

111215 

110983 

112043 

108689 

110870 

— 

111038 

110 

113792 

112519 

112238 

113439 

109640 

112129 

— 

112299 

120 

— 

113866 

113530 

114869 

110613 

113428 

— 

113595 

130 

— 

— 

114864 

— 

111609 

114767 

— 

114929 

140 

— 

— 

116243 

— 

112631 

— 

— 

' — 

loO 

— 

— 

— 

— 

113679 

— 

— 



160 

— 

— 

— 

— 

114756 

— 

— 



Z70 

— 

— 

— 

— 

115863 

— 

— 



180 

— 

— 

— 

— 

117003 

— 

— 



190 

— 

— 

— 

— 

118176 

— 

— 



200 

— 

— 

— 

— 

119385 

— 

— 



210 

— 

— 

— 

— 

120632 

— 

— 



220 

— 

— 

— 

— 

121916 

— 

— 



230 

— 

! 

‘ — 

— 

123242 

— 

— 



AC 

Tliionyl chloride, 
SOGP 

6 

a 

'^5 

a cQ 

OCZ2 

O *73 

"3 

CO 

'3' 

1 

0 

io 

Is 

9 

1 

O 

1 

1 

a 

Disulphiiryl chloride, 
S^O^OP 

a 

o 

Is 

s 

r=i 

o 

a 

2 

.202 

^50 

g 

rt 

O 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 ' 

10 

101174 

100939 

100906 

101240 

100977 

100969 

101163 

20 

102373 

101888 

101817 

102503 

101973 

101962 

102360 

30 

103601 

102851 

102732 

103800 

102988 

102978 

103599 

40 

104864 

103829 

103655 

105138 

104024 

104019 

104892 

50 

106169 

104825 

104585 

106526 

105082 

105086 

106250 

60 

107520 

105841 

105525 

107973 

106162 

106181 

— 

70 

108924 

106881 

106476 

109487 

107267 

107304 

— 

80 

110387 

107946 

107439 

— 

108397 

108457 

— 

90 

— 

109038 

108416 

1 — 

109553 

109640 

— 

100 

— 

110160 

109409 

— 

110736 

110856 

— 

no 

— 

111315 

110418 

I — 

111948 

112105 

— 

120 

— 

112507 

111445 

— 

113190 

113388 

— 

130 

— i 

113735 

112492 

— 

114463 

— 

— 

140 

; — 

115003 

113560 

— 

115767 

— 

— 

150 

1 

— 

114651 

— 

— 

— 

— 

160 

1 

i 

— 

i 115765 

— 

I “ 1 

i 

’.I 
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less than the ealeiilated numbers. The specific gravity, boiling point, and rate of 
thermal expansion of benzene are known with great accuracy from the experiments 
of Kopp (i. 542), Louguinine (Jahres. vi. 260, 1867, 48), Pisati and Paterno, and 
Adrieenz (viii. 159). 

Their observations afford the following values for the specific volume of benzene : 

Kopp Louguinine Pisati a. PatemO Adrieenz Mean 

95-94 95-98 95*94 95-90 96-94 

Calculated sp. vol. . . 99*0 

The observed values are extremely concordant, but they differ by more than 3 per 
cent, from the computed value. Differences of the same order are exhibited by a 
number of aromatic compounds. 


Phenol . 

Specific Volume. 
Observed (Kopp) 
103-6 

Computed 
' 106-8 

Life. 

3-2 

Benzyl alcohol 

123-7 

128-8 

5-1 

Benzoic acid . 

126-9 

130-0 

3-1 

Benzoic aldehyde . 

118-4 

122-2 

3*8 

Cymene 

183-6 

187*0 

3-5 

Napthalene . 

149-2 

154*0 

4-8 


Our views as to the constitution of the aromatic compounds would lead us to 
expect that the specific volume of benzene (and the derivatives in which the benzene 
gronp functions) would in all probability be different from that deduced from obser- 
vations made for the most part on compounds of totally different constitution. Kopp 
{Liehig's Annalen, Supp. vi. 303) has shown, from Louguinine’s observations, that 
whilst benzene has an abnormally low specific volume, its homologucs show the 
constant increase of 22 in the volume for an increment of CH^, which is wliat might 
be anticipated, since these bodies are produced by the addition (substitution) of 
methyl, ethyl, &c., to the benzene group. Other values have, indeed, been calculated 
for carbon and hydrogen; Lothar Meyer makes H = 3, and Loschmidt 0 = 14 and 
K — Z'5; and, by assuming that half the carbon-atoms in benzene have the value 11, 
and the remainder the value 14, and that hydrogen has the constant value 3 n 5, we 
obtain a value for this hydrocarbon which is identical with the observed number. 

2. The observations furnish additional evidence in support of the assumption 
already regarded by Kopp and others as highly probable, that an element or a com- 
pound radicle occupies same volume in combination as in the free stoto. Direct 
observation shows that the sp. vol. of nitrogen tetroxide is 64: hence NO" =32. The 
sp. vol. of chloroform is 84-5; that of chloropicrin is 110-5. Chloropicrin may bo 
regarded as derived from chloroform by the replacement of an atom of hydrogen by 
an equivalent amount of NO". 


Sp, vol. of C(NO'0CP . 

110-5 

CHOP 

84-5 


26-0 

Add sp. vol. of H . 

5-5 

Calculated vol. of NO^ . 

31-5 

Observed 

82-0 


Similar evidence is aiforded by ethylene bromide, ethylene ehloriodide, and pro- 
pionitril. 

Thorpe further concludes that there is at present no evidence in support of the 
hypothesis that the specific volume of an element in combination is modified by ar\y 
possible variation in the affinity value which it may possess. It may turn out that 
the particular value to be assigned to carbon, for example, in the aromatic compounds 
is slightly different from that which it is found to possess in the fatty acids, or the 
corresponding alcohols and ethers, but there is no question as to the quantivalence 
of the carbon in these several gsoups of compounds. It is not, however, clearly 
established that any element, with the exception of oxygen, sulphur, and nitrogen, 
has a variable specific volume in combination. Hence the specific volume is alto- 
gether independent of the general complexity of the molecule, inasmuch as it is not 
modified by the number of the atoms of the particular element in the molecule. 
Lastly, it is proved that the different members of a family of elements do not possess 
identical specific volumes ; the volumes of the elements are periodic functions of their 
ah)mie weights. The values deduced by Thorpe from a discussion of his observations, 
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togetiier with those of previous investigators, are contained in the following table. It 
also shows the relation of the speeifie volume to the atomic weight. 


Atomic Weights, 


I 


n 


III 

rv 


Y 


VI 

H = 1 

C 

= 11*97 

Si 

= 28*0 

00 

II 



Sn 

= 117*8 


N 

14*01 

P 

= 30*96 

V « 51*2 

As 

= 74*9 

Sb 

= 120*0 


0 

= 15*96 

S 

31*98 

Or == 52*4 






F 

= 19*0 

Cl 

= 35*47 


Br 

- 79*75 

I 

= 126*53 





Specific 

Volumes, 





I 


n 


in 

XV 


V 


VI 

H = 5*5 

C 

= 11*0 

Si 

= 30*3 

Ti = 33*6 


— 

Sn 

= 40*8 


N 

= (?) 

P 

- 25*3 


As 

= 26*3 

Sb 

= 28*6 






Y 30*4 (26*0) 





0 

= 7*8 (12*2) S 

= 22*6 (28*6) 


— 


— 






Cr = 24*5 






F 

= 9*2 

Cl 

== 22*7 


Br 

= 28*1 

I 

= 36*6 


Eamsay (J. C. S. July 1879) has described a simple method of directly ascertaining 
the sp. gr. of a liquid at its boiling point with approximate accuracy, by means of 
which he has determined the specific volumes of a large number of substances. The - 
results are contained in the table on p. 2128. 

The specific volume of a considerable number of the bodies in this table has 
already been determined by Kopp, with whose results Eamsay’s numbers show on the 
whole a satisfactory agreement. The specific volume of furfural indicates that both 
the oxygen atoms nave the same value as in the aldehydes and ketones. Ramsay also 
points out that the specific volumes of the pyridine series of bases is very di&rent 
from that of their isomerides in the aniline series. The specific volume of pyrroline 
would appear to show that it approaches the nitrils in constitution, and has little or 
no analogy to the pyridine group. 

F. P. Brown (Proc. Boy. Soo. xxvi. 247) has shown, from very careful determina- 
tions of the vapour-tension and specific gravity of normal propyl iodide and isopropyl 
iodide, that the specific volumes of the two isomerides at corresponding temperatures — 
that is, at temperatures at which their vapour-tensions are equal — are not identical. 
The results of his observations are contained in the following table : 


Vapour- 
tension 
in mm. 

Boiling point 
of normal 
Iodide 

Boiling point 
of Isopropyl 
iodide 

Density 
of normal 
Propyl iodide 

Density 
of Isopropyl 
iodide 

Diff. 

200 

■ 

62*37'' 

50*50° 

1*66704 

1*64590 

0*02114 

300 

73*51 

61*33 

1*64493 

1*62359 

0*02134 

400 

8195 

69*70 

1*62808 

1*60646 

0*02162 

500 

88*84 

76*44 j 

1*61446 : 

1*59246 

0*02200 

600 ’ 

94*70 ' 

82*11 i 

1*60250 

1*58068 

0 02182 

( 700 

99*83 

87*13 

1*59221 

1*57035 

0*02186 

760 

102*63 

89*86 

1*58670 

1*56497 

0*02] 96 


It will be seen from the above numbers that the density of the normal iodide is 
greater than that of the iso-iodide by an almost constant quantity— a fact which is in 
accordance with onr dynamical hypotheses of the constitution of matter. The normal 
iodide is more stable than the iso-compound, the comparative instability of the latter 
compound being due, in all probability, to the greater mean distance between the 
molecules. 

Schroder {Ber. xhi. 1560) has also pointed out that isomerides do not invariably 
possess the same specific volume. It appears that the volume of an acid is greater 
than that of the isomeric ethers ; also that the volume of a normal compound is 
greater than that of the secondary compound, and that the boiling point and volume 
of such isomeric ethers as methyl acetate and ethyl formate are greater in the case of 
the ether containing the acid radicle possessing the smaller molecular weighj^ 
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B. p. 

Sp. gr. at 
t». P., 

Sp. vol. 
Obs. 

(Kopp) 

Sp, vol. 
Calc. 

Amylene, 

35° 

0*6319 

110*8 

— 

110 

Hexane, 

60*8 

0*6199 

138*7 

— 

143 i 

Heptane, G’H^® 

91 

0*6060 

165*0 

— 

165 

Benzene, C®H® 

80 

0*8142 

95*8 

95*9 

99 

Toluene, O^H® 

111 

0*7650 

120*5 

— 

121 

Xylene, C»H'« 

132-4 

0*7335 

144*5 

— 

143 

Ethyl alcohol, C^H^O 

78 

0*7339 

62-7 

61*8 

62*8 

Octyl „ C“H'“0 . 

181 

0*6589 

197*3 



194*3 

Ethyl glycol, C^H‘0"- . 

195 

0*9444 

65*6 

— 

70-6 

Acetic aldehyde, C2H'‘0 . 

21 

0-7771 

56*6 

56*0 

56'2 

Fuiftiral, C*H*0* . 

162 

0*9310 

1030 

— 

101-4 

Ethyl oxide, C‘*H*®0 

34*5 

0*6956 

106*4 

106 

106*8 

Acetic acid, C^H^O® 

113 

0*9325 

64*3 

63*7 

64*0 

Valerianic acid, C®H'°0- . 

195 

0*7569 

134*7 ' 

130*2 

130*0 

Methyl formate, C^H^O- . 

Ethyl formate, . 

33 

0*9482 

63-2 

63-4 

64*0 

55 

0*8649 

85*6 

85*7 

86*0 

Phenol, 0«H»0 

186 

0*8789 

106*9 

103*8 

106*8 

Carbon tetrachloride, CCP 

— 

1*4658 

105*0 

105*6 

102*2 

Chloroform, CHCl®. 

— 

1*3954 

85*6 

85*2 

84*9 

Ethyl chloride, C^H^Cl . 

— 

0*8510 

75-8 

72*8 

72-3 

Butyl chloride, 0‘^H®C1 . 

— 

0*8094 

114*3 

— 

116*3 

Amyl chloride, C®H“C1 . 

— 

0*7801 

136*5 

136*2 

i 138*3 

Ethylene dichloride, C-H‘*Cr- . 

— 

1*1356 

87*2 

85*5 

89*6 

Ethylidene dichloride, C-H^Cl- 

— 

1*1070 

89*5 

89:0 

89*6 

Benzoyl chloride, C^H^OOl 

— 

0*9857 

126*3 

136*0 

139*5 

Amyl bromide, 0®H“Br . 

— 

1*0502 

143*8 

149*2 

143*3 

Methyl iodide, OH®I 

— 

2*1905 

64*8 

65*4 

65*0 

Chromyl dichloride, CrO-Cl- . 

117 

I 1*7538 

88*4 

— 



Carbon disulphide, CS^ , 

43 

1*2176 

62*3 

62*3 

62*6 

.Sulphur chloride, S^CP . 

138 

1*4848 

90*9 

91*4 

91*6 

Sulphur, S . . . . 

446 

1*4799 

21*6 





Aniline, C®H^N 

183 

0*8527 

109*1 

106*6 



Toluidine, C^H®H . 

197 

0*8302 

128*9 




Dimethylaniline, 0®H''!N 

190 

0*7941 

152*4 

1 150*6 

— 

Diphenylamine, C^-H^^N 

310 

0*8293 

203*8 

— 



Pyridine, C®H®N . 

117 

0*8617 

91*6 





Picoline, Gmm . 

134 

0*8197 

113*4 




Eutidine, C^H®N . 

154 

0*7916 

135*1 





Collidine, C®H^‘lSr . 

173 

0*7839 

157*9 




Pyrroline, C^H®H . 

133 

0*7276 

92*1 





Azobenzene, 

293 

0*8256 

220*4 





Propionitril, C®H®N 

97 

0*7017 

78*4 

77*2 



Benzonitril, C^H®N , . 

192 ‘ 

0*8330 

123*7 

121*7 


Ethyl nitrate, C^H^NO® . 

87 

0*9991 

9M 

90*1 



Nitrobenzene, C^H^NO^ . 

220 

1*0210 

121*5 

123*8 

— 


(2) Of Solids- Specific Vohmes of Sulphates amd Selenates, — Pettersson (Ber. ix. 
15; 9) finds (1) that in the series of sulphates and selenates of K, Am, Eb, Cs, the 
spec. vol. is regularly increased by 6*6 when the group SO^ is exchanged for the 
group SeO^ ; and (2) that the substitution of Am^, Eb-, Cs^, for produces an in- 
crease of volume of 9, 8, 23 in the selenates, as in the sulphates ; and (3) the same 
regularity of increased volume shows itself in the double salts. Sodium-aluminium 
selenate has a smaller volume than the sulphate, a relation without example in the 
whole series of sulphates and selenates ; thallium-aluminium selenate exhibits the 
opposite anomaly. The difference is possibly due to the molecules of the water of 
crystallisation in these two alums not being in the same state of condensation as in 
the other alums. The volume of a dehydrated alum exactly equals the sum of the 
volumes of its components. 

Specific Volume of Water of Crystallisation. — Thorpe and Watts {Chem. Soo. J. 
1880, 102) have determined the specific volumes of a number of the so-called mag- 
nesian sulphates combined with different proportions of water. The experimental 
^results are as follows : 
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Copper Sulphate : 

Hydrate CuSO^ CuS0SH=0 CuS0*,2H30 GuSO^SH^O 

Sp. gr. 3*606 3*289 2*953 ' 2*663 


CuS0^3|H20 CuS0^5H20 

2*645 2*284 

Magnemmi Suljokate : 

Hydrate MgSO-^ MgSO^H^O MgS0^2H20 MgS0^5H-0 MgSO^TH^O 

Sp. gr. 2*709 2*445 2*373 1*734 1*678 


Zinc Sulphate : 

Hydrate ZnSO^ ZnSO^H^O 

Sp. gr. 3*623 3*284 

ZnS0S6H20 
2*072 

Nichel Sulphate : 

Hydrate NiSO^ NiS0^H20 

Sp. gr. 3*418 3*051 


ZnS0S2H20 

2*958 

ZnS0^7H20 

1*964 


NiSO^eH^O 

2*031 


ZllS0^5H*0 

2*206 


NiS0^7H20 

1*949 


Cobalt Sulphate . 

Hydrate CoSO" CoSOSH^O CoS0^2H20 CoSOS4H20 CoSO^SH^O 

Sp. gr. 3*444 3*125 2*668 2*327 2*134 


CoSO^OH^O CoSOS7H20 
2*019 1*918. 

Manganous Sulphate : 

Hydrate MnSO^ MnSO^H^O MnS0^2H20 

Sp. gr, 3*282 2*845 2*526 


MnS0^3H20 

2*356 


MnS0^4H20 

2*261 

Ferws Sulphate .* 

Hydrate FeSO^ FeSO^H20 

Sp. gr. 3*346 2*994 


MeS0‘,5H20 

2*103 


FeS0^2H20 

2*773 


FeS0S4H20 

2*227 


These numbers, together with those obtained by previous investigators, afford the 
following table of specific volume : 


Hydrate 

0 

1 

2 

3 

4 

5 

6 

7 

Copper sulphate 

44*4 

54*3 

67*0 

80*0 



109*1 





Magnesium sulphate . 

44*8 

55*6 

67*0 

— 

— 

112*4 

130*8 

146*6 

Zinc sulphate . 

45-6 

54*7 

66*6 

— 

— 

113*7 

130*2 

146*8 

Nickel sulphate 

44*6 

56*5 

— 

— 

— 

— 

129*0 

144*6 

Cobalt sulphate 

44*7 

55*2 

70*9 

— 

97-4 

114*6 

130*1 i 

146*0 

Manganous sulphate . 

45*0 

55*7 

73*6 

86*6 

' 98*2 

114*4 

— j 

— 

Ferrous sulphate 

44*5 

56*2 

67*7 

— 

100*6 

— 

— 

146*7 

Mean of means 

44*8 

55*5 

68*8 

83*3 

98*7 

112*9 

130*0 

146*1 


On comparing the foregoing observations, it is evident that the anhydrous sul- 
phates of copper, magnesium, zinc, nickel, cobalt, manganese, and iron have identical 
specific volumes ; or, since we may define specific volume as the volume in cubic centi- 
metres occupied by the equivalent of the salt in grams, it follows that equivalent 
quantities of these different sulphates occupy the same bulk in space. A like 
conclusion as regards certain of these anhydrous sulphates has already been drawn by 
Playfair and J oule. It appears too that in the case of the magnesian sulphates the 
volume occupied by the several molecules of water varies with the degree of hydration. 
The first molecule of water, the constitutional water, called water of halhydration by 
Graham, occupies considerably less bulk than the rermaining molecules; its mean 
relative value is 10*7. Each additional molecule appears to occupy a gradually 
increasing volume. The difference between the monohydrate and dihydrate is 13*3 ; 
between the dihydrate and trihydrate it is 14*5; between the trihydrate and tetra- 
hydrate it is 1 5*4, and between the hexhydrate and heptahydrate it is 16*2. 

For Schroder’s papers on the volume-constitution of solids, see B&r, x. 848 ; JSogg. 
Ann, clx. 199-219; also xi. 1109-1116 and 1142-1146; J, pr. Chem, [2], xix. 
366-294. T. E. T. ** 

VoL. Vni. 6X 
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WAGFEEITE—WAEWICKITE. 


w 

WACfrM'BRXTE. A specimen of this mineral from Eadelgrafen, near Werfen, 
in Salzburg, has been examined by F. v. Kobell {J. [2], vi. 295). It occm's 

in closely packed parallel prisms with deep vertical striation. Prismatic angle 
= 120°-121°. Cleavage imperfect. Dissolves, though slowly, in hydrochloric, nitric, 
and sulphuric acids. Analysis gave ; 

P=»0® MgO CaO Na=0,K«0 Fe=0=* A1“0“ P H=0 

40'30 32-78 2 24 5-12 8*00 Ml lO’OO 0*50 = 100*05 

from which the essential part of the mineral appears to have the composition 
2Mg3(PO^)2 + I F2, the double atom replacing Ca isomorphously. The 

presence of the alkalis appears to have been overlooked by Fuchs and Rammelsberg 
(iv, 509). 

WAXiPXTBGXlNr, 5Bi-0^3D203,2As20s + 10H®0. See Ubanic Arsenates 
(vii. 1191). 

WAPFXiEBXTB. A calcium arsenate, 2CaO,As-0^ + or (Ca2H-)AsO'^ + 
7H‘0, having part of 4:he lime replaced by magnesia. It occurs at Joachimsthal in 
crystalline crusts resembling hyalite, in small botryoidal or dentiform aggregates, and 
in crude vitreous deposits. It is white and translucent in the mass, limpid in separate 
crystals. The crystals, mostly grouped in rows, are monoclinic, very small, and 
exhibit various faces, and an augitic or wolframic habit; they have a bright vitreous 
lustre, and cleave parallel to the clinodiagonal. Sp. gr. =2*48. Hardness = 2-2-5. 
Analysis gave : 

CaO MgO As*0= H“0 

(1) 14-19 8-29 47-70 29*40 99*58 

• (2) 15*60 7*35 47*69 29-49 = 100*13 

The formula above given requires 23*04 CaO, 47-33 As-O"*, and 29*63 water. The 
mineral gives off 5 mol. (18-20 per cent.) water at 100°, and the remainder at 360°, 
no further loss of weight occurring at a higher temperature. At 100° it is converted, 
like pharmacolite, (2Ca0,H‘^0)As-0® + 5H-0, which at this temperature loses 3 mol. 
water (11-12 per cent.), into haidingerite, (2Ca0,H“0)As20° + 2H-0. 

Wapplerite appears also to occur in Saxony, certain specimens of hydrated calcixxm 
arsenate from Schneeberg and Johann-Greorgenstadt, regarded by Ereithaupt as 
haidingerite, most probably belonging to this species. 

The crystals have been accurately measured by Schrauf {Jahrb.f. Mi)i. 3 875, 290), 
who also fiiiis them to be monoclinic with the axial ration : 5 : 0-9125 : 1 : 0*2660 

and the axial angle a<? = 95° 25'. Observed faces coPco , ooP2, oop, ooP2, coPqo,Poo, 
3Foo , +2P2, — 2P2, +2Pf, +2Pf, H-4P4, — 4P4. The prism-zone is mostly pre- 
dominant; the faces — 2P2 and — 4P4 occur hut seldom. The crystals are rarely sym- 
metrical, single quadrants with irregular hemisymmetric development of faces, or rather 
confused groups of crystals, more frequently projecting from the crystalline crusts. 

From pharmacolite, which accompanies it, wapplerite is essentially distinguished 
by its conehoidal fracture and greater hardness =i 3 to 3*5. 

The crystals of calcio-magnesic arsenate called roesslerite (v. 114), which were first 
described by Haidinger, in 1825, as occurring, together with haidingerite and pbarma- 
colite, and were found by Turner (JPogg. Ann. vi. 193) to contain 29*06 and 34’06 
per cent, water, appear, from their form and composition, to be nothing but wapplerite 
metamorphosed by the addition of a small , quantity of magnesia and 1 molecule of 
water. 

WARHXM-aTOXS-ITE. A basic cupric sulphate, SCuH202,CuS0'*,H20, from 
Cornwall, belonging to the hrochantite group (p. 349). 

WARlxrXCKXTE. This mineral, occurring at Warwick, in New York (v. 1009), 
has been re-examined by J. L. Smith {Sill. Am. J. [3], viii. 432), who finds it to have 
the composition A, agreeing nearly with the formula 5Mg0,3B-0=* + (MgO,FeO),2TiO^ 
(B): 

TiO* MgO FeO SiO“ APO^ Sp. gr. 

A, 27-80 23-82 36-80 7*02 TOO 2 21 = 98-65 3*362 

^ B. 0-57 23-58 35*36 10-49 — — = 100 — 
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'Wii'TIEIXtii Distdnce h&twBeoi the Molecules of Liquid W^ateT ^ — Herwig 
{Ann. Phys. Chem. [2], iv. 465) finds that the quantity of electricity required for the 
complete charging of a .platinum-water-cell to the potential difference of 1 volt is 
equal to 0-000186 farad, when the plates have a surface of 1 square cm. This value 
is independent of the distance between the plates and of the external resistance. In 
order to derive from this the charging value for a potential difference of 1*7 volt, it 
is necessary to multiply by (1*7 x 1-25), which gives 0*000395 farad. By means of 
this value and the application of the theory of rotary electrolytic molecules {Ann. 
Phys. Clicm. [2], 566, iv. 187) Herwig has determined directly the distance between the 

molecules of water, and finds it to be at most mm. 

1,000,000,000 

Lorenz {Pogg. Ann, cxl. 644) found by a similar, although less direct method, the 
superior limit, mm ; and W. Thomson {Nature, 1870), by an entirely 

50 

different method, mm. {Chem. Soc. J. xxxvi. 194). 

Compressibility . — ^Amaury and Descamps {Qompt, rend. Ixviii. 1564) have 
obtained 0'0000467 as the coefficient of compressibility at 15°. {Compt. 

rend. Ixxv. 77) observed 0*0000451 at 8°. These numbers agree almost exactly with 
those previously obtained by G-rassi. The addition of 5 per cent, of salt diminishes 
the compressibility to *0000419; with 15 per cent, it is *0000356 ; with 30 per cent, 
it is *0000306. 

Buchanan {Chem. Soc, J. xxxiv. 452) has determined the relative apparent com- 
pressibility of sea- water and of a 4 per cent, solution of sodium chloride at different 
temperatures, the compressibility of distilled water at the same temperature being 
taken ds unity. 


Temp. C. 

Belative Apparent Compressibility. 

Sea- water 4 per cent, NaCl sol. 

Distilled water 

26-5° 

0-9360 

0*9051 

1 

25*8 

0*9191 

0*8813 

1 

22*8 

0 9214 

— 

1 

22*1 

0*9283 

0*8661 

1 

13*7 

0*9264 

0*8684 

1 

13*3 

0*9203 

— 

1 

2*5 

0*8950 

— 

1 


Point of Maximum Density. — Exner has redetermined the point of maximum 
density of water according to the method of Despretz, substituting a thermo-pile of 
peculiar construction for the ordinary mercurial thermometer. Five series of observa- 
tions gave forty-one independent values, of which the mean was 3-945°, the maximum 
difference being only 0*082°. This value agrees exactly with that of Playfair and 
Joule. The following table has some historical interest, as showing the (^etermina 
tions hitherto recorded : 

3- 945 Exner. 3*68 Neumann {Jahresb, 1861, 60). 

4*07 Bossetti {Jahresb. 1867, 45). 3-46-4*04 Pierre {Ann. Chm. phys. [3], 

4- 08 Kopp {Jahf. 1847-48, 66). xiii.) 

4-00 DQB.-pvQiz{Ann.Chim.phys.[2’],i.10). 3*40-4*85 Hallstrom i.) 

3-945 Joule and Playfair (Po^^.Aw?i.lxxi.) 3*47-4*38 Eumford {Phil, Tram. 1792). 

3-87 Hagen {Jahresb. 1856, 49). 3*33-4*16 Hope(P<fm^o<?.Pmws.5, 1805). 

3-8 Pliicker and G-eissler {Jahresb. 4*35 Tralles xxvii.) 

1852, 50). 3*6-3*9 Eckstrand {Diss. Acad. 1819). 

Thermal Conductivity. — The thermal conductivity of water for heat in abso- 
lute measure has been determined by A. Winkelmann \fPogg, Ann. cliii. 481) to be 
0-00154 in square centimeters per second, Bottomley {^roc. Boy. Soc. xxviii. 462), by 
a method devised by Thomson, originally obtained values varying from *0022 to 
*00245 ; in later experiments {Proc. Boy. Soc. xxxi. 300) he has obtained numbers 
more nearly in accord with those of Winkelmann, viz. *00134 and *00154. 

Specific if .—Baumgartner has recently redetermined the specific heat of 

water at 100° by the method of mixtures {Ann. Phys. Chem. [27], viii. 648). The 
following table shows the value obtained, together -with those of previous observers, 
the specific heat at 0° being taken as unity ; 

Eegnault 1*0130 Henrichsen .... 1*0720 

„ recalc, by Bosscha . 1*0220 Jamin and Amaury . . . 1*1220* 

Miinchhausen . . . 1*0302 Marie Stame .... ^*1265 ^ 

Baumgartner .... 1*0307 

6x2 
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Lowering of the Freeciiig Fuint hy Pressure. See Dewar {Chem. News, xlii. 1, 2). 

Existence of Ice at Temperatures far above its ordinary Melting 
Pohit. — Camelley {Proc. Boy. Soc. xxxi. 284:) has made the remarkable observation 
that ice heated in the Torricellian vacnnm under such circumstances that the pressure 
in the containing vessel is maintained below 4:‘6 mm. — i.e. the tension of aqueous 
vapour at the freezing point — may have its temperature raised many degrees above its 
ordinary melting point without liquefying. The ice, under these conditions, passes 
directly to the gaseous state without intermediate liquefaction. In this respect ice is 
analogous to arsenic, which, under ordinary pressures, passes directly from the solid 
to the gaseous state on heating ; on increasing the pressure the arsenic fuses. Car- 
nelley has made similar experiments with mercuric chloride, which, under ordinary 
pressure, melts at 288°, resolidifies at 270°~275®, and boils at 303°; on reducing the 
pressure to 420 mm. the boiling point falls to 275°, when the mercuric chloride begins 
to solidify, and at 270° becomes completely solid, the pressure being 376 mm. 

The experiments of Lothar and Meyer (Per. xiv. 718), Hannay and McLeod, how- 
ever, render it almost certain that the ice is actually at no higher temperature than 
that of its ordinary melting point, and it is not improbable that the higher thermo- 
meter readings observed by Camelley were due to the action of radiation on the ex- 
posed ball, that is, when it' is denuded of ice by volatilisation. De la Eivi^re and 
van Hasselt also were unable to observe that the ice could be raised above 0°, so 
long as care was taken to keep the thermometer bulb covered with ice. 

Absolute Boiling Point. — MendelejefP calculates absolute boiling point of 
water, the temperature corresponding to the critical point of Andrews, to be 680°. 

Thermal Expansion. — The coefficient of thermal expansion of a liquid is, as 
a rule, diminished by pressure and increased by dilatation. The behaviour of water 
is, however, anomalous in this respect, as its coefficient of expansion is found to in- 
crease with compression ; it must follow, therefore, that the temperature of its maxi- 
mum density diminishes with pressure. This conclusion has been experimentally 
verified by Van der Waals. 

Thermal Expansion of Sea-water.— It is well known that the addition of saline 
matter to water alters both its rate of thermal expansion and its point of maximum 
density. Thorpe and Rucker (Phil. Tram. clx\d. 406) have recently studied the beha- 
viour of sea- water in this respect, as a knowledge of the law of its expansion by heat 
is of great importance in relation to oceanic circulation and the distribution of ocean 
currents. The expansion of Atlantic Ocean water, of sp. gr. 1'02807 at 0°, compared 
with distilled water at the same temperature, was found to be expressed between 0° 
and 36° — the limits of the observations — by the formula : 

V =: 1 + 0-000057682i{ -f 0-000006071 - 0-000000032983!{=*. 

In order to study the effect of different degrees of salinity on the thermal expan- 
sion, a portion of the water was concentrated, and a second portion was diluted with 
different amounts of pure water, and the rate of dilatation again determined, with 
the following results : 

Specific gravity, 1*033016 at 0°: 

V = 1 + 0-a00081272zf + 0*0000050987^“ ~ 0*000000018227^;®. 

Specific gravity, 1*024915 at 0° : 

V = 1 + 0*000040939?; + 0*0000062559z;2 - 0*000000033167?;®. 

Specific gravity, 1*020765 at 0°: 

V = 1 + 0-000024955?; + 0*0000066723?;® - 0-000000039065?;®. 

The authors have investigated a formula, based upon these expressions, for the 
expansions of these solutions, which should embrace them all as particular cases of a 
relation between the temperature, volume, and salinity of sea-water, as measured by 
its specific gravity at 0°, and in the following table are given all the data necessary to 
calculate the specific gravity of sea-water of any degree of salinity at any tempera- 
ture between 0° and 36°. Column II. contains the specific gravities at the tempera- 
tures given in column I. of a solution the specific gravity of which, at 0° C., is 
1*02000 ; column III. contains the numbers which must be subtracted from those in 
column I. for each increase of 1° over the temperatures opposite to which they are 
placed; and column IV. the numbers which must be added for each increase of 
''•00001 of the specific gravity of the solutions at zero. At the head of columns III. 
and IV. are the number of ciphers which must be prefixed to the figures written in 
them the unit place : 
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Temp.* 

C. 

Sp. gr. 

Prop, 
parts for 
P C. 

P. parts for 
•00001 incr. 
in sp. gr. 

Temp. 

G. 

Sp. gr. 

Prop, 
parts for 
1° C. 

P. parts for 
•00001 incr. ! 
in sp. gr. 1 

•0000 

•0000 

•0000 

•0000 

0 

1*02000 

3 

1 

19 

1-01740 

25 

•944 

1 

1*01997 

4 

•995 

20 

1-01715 

25 

•943 

2 

1*01993 

5 

•990 

21 

1*01690 

26 

•941 

3 

1*01988 

6 

•986 

22 

1-01664 

27 

•940 

4 

1-01982 

8 

•982 

23 

1*01637 

28 

*938 

5 

1*01974 

9 

•979 

24 

1*01609' 

29 

•937 

6 

1*01965 

11 

•975 

26 

3*01580 

29 

•935 

7 

1*01954 

12 

•972 

26 

1-01551 

30 

•934 

8 

1*01942 

13 

•969 

27 

1*01521 

30 

•932 

9 

1*01929 

14 

•966 

28 

1*01491 

31 

•930 

10 

1*01915 

15 

•963 

29 

1*01460 

32 

*928 

11 

1*01900 

17 

•961 

30 

1*01428 

32 

*9*25 

12 

1-03 883 

17 

*958 

31 

101396 

32 

'922 

13 

1*01866 

19 

*956 ! 

32 

1*01364 

33 

•919 

14 

1*01847 

20 

•954 

33 

1*01331 

33 

•915 

lo 

1*01827 

21 

■952 

34 

1-01298 

33 

•912 

16 

1*01806 

21 

•950 

35 

1*01265 

34 

*908 

17 

1*01785 

22 

•948 

36 

1*01231 

34 

•903 

18 

1*01763 

23 

*946 

— 

— 

— ■ 

— 


The use of this table will be eyident from the following example : Given the sjp, 
gr. of a sample of sea-water at any temperature t, to find it at Look out in col. I. 
the figures giving the number of entire degrees of temperature ; multiply the fraction 
(if any) by which the observed temperature exceeds that number by the corresponding 
number in col. Ill,, and subtract the result from the corresponding number in col. II. 
Subtract the difference from the observed specific gravity, and divide the number so 
obtained by that corresponding to the observed temperature in col. lY. (without pre- 
fixing the ciphers at the top of the column) ; add the quotient to 1*02000, and the sum 
will be the sp. gr. required. 

Sp. gr. observed at 18*5 => 1 ’02475. To find it at 0® 0., number opposite in col. III. 
is -00023, which, multiplied by % is -000115,* and 1*017630--000115= 1*017515. 
Subtract this from the observed sp. gr. 1-024750— 1*017515 = *007235, Divide by 
*945, and the quotient is *00765, which, added to 1*02000, gives 1*02765 as the sp. 
gr. at 0° C. 

JPure Water. — Absolutely pure water can only be obtained, according to Stas 
{Becherches sur les Eapports reciproques des Poids atomigues), by mixing a cold satu- 
rated solution of potassium permanganate, rendered strongly alkaline by pure potash, 
with ordinary distilled water, redistilling' in platinum vessels, and collecting the 
distillate when about ~th has passed over. 

Action of Water upon Metals. — The action of water upon metals generally is 
greater than is usually supposed. That it acts upon lead is of course well known ; 
the conditions which influence this action have recently been made the subject of careful 
stxxdy by Muir. In the case of this particular metal its solvent action seems to be 
largely dependent upon the presence of free carbonic acid ; aerated waters containing 
comparatively large quantities of carbonic acid under pressure are found to act 
rapidly upon lead and its alloys. From this cause the soda-water in gazogenes and 
syphom is liable to be contaminated with the metal. Bischof has shown {Chem. Boo. 
J. xxxi. 428) that the ‘composition ’ tube, which is employed by plumbers, and is an 
alloy of lead and antimony, is even more rapidly acted upon by ordinary water than 
tubes of soft lead. Carnelley {Chem. Boo. J. xxx. 1) has observed that pure water 
dissolves appreciable quantities of copper, thus confirming the statements of Eeichart 
and Eoux. Carnelley finds that the weight of copper dissolved by the action of dis- 
tilled water is increased by the time of exposure and by the extent of metallic surface 
exposed ; on the other hand, it is diminished by the presence of a more positive metal, 
as in the case of solder, and also by rise of temperature. The quantity of water in 
contact with a fixed amount of copper seems to have little or no effect upon the pro- 
portion dissolved. In the case of water containing salts in solution it is found that, 
with the exception of the ammoniacal salts, which appear to exert a stroti^ specifl-i 
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action, the nature of the base bas only a comparatively small effect, the action of the 
salt depending chiefly on the nature of its acid radicle. The following is the order of 
action of certain of these combined acid radicles, beginning with that which has the 
least : nitrates, sulphates, carbonates, and chlorides. The order of this action is very 
different in the case of lead ; in this case nitrate exerts by far the strongest effect, 
whilst that of carbonates and sulphates is almost nil, 

'Bro^nction of Ozone by Fulverisation of Water, — Leuder has already 
noticed that in the concentration of brine at Kissingen by the method of graduation 
the air in the immediate neighbourhood of the columns readily gives the ozone reaction, 
and Grorup-JBesanez found that the quantity of ozone which is produced by a spray of 
water issuing under pressure depended upon the rate of evaporation. Morin and 
Monte have obtained similar results from experiments made by douche sprays in 
bathing establishments. Bellucci found relatively large quantities of ozone (or some 
substance giving the ozone reaction) in the air in the immediate neighbourhood of the 
falling water of the Falls of Terni. The production of ozone under these conditions is 
ascribed to the electrical state of the air induced by the friction of minute drops of 
water (compare p. 1479). 

Contrary to the statement of Schdnbein, it appears that ammonium nitrite is never 
formed by the evaporation of pure water in contact with nitrogen ; when produced 
naturally it is due to the reaction of atmospheric hydrogen dioxide and ammonia. 

Ammonia in Bain-water, — L4vy {Comft, rend,, xei. 94) finds that although 
individual analyses of rain-water, collected from different quarters of Paris, show 
varying proportions of ammoniacal nitrogen, the mean monthly and yearly results are 
sensibly identical. The quantity of nitrogen decreases pretty regularly in passing 
from the cold to the warm season of the year, generally reaching its minimum in 
July; the mean result for that month in 1879 was 0*93 mgm. in 1 litre of -water, and 
the mean for the year, with 4 recording stations, 1-17 mgm. The results of 4 years’ 
analyses of rain-water collected at the observatory of Mont Souris give : 


1875- 1876 

1876- 1877 

1877- 1878 

1878- 1879 


Eain-gauge 

Mean per litre 

Nitrogen per sq. meter 

. 541-5 

1-98 mgm. 

1074’78 mgm. 

. 601-7 

1-54 „ 

929-65 „ 

. 600-1 

1*91 „ 

1149-40 „ 

. 656-3 

1*20 „ 

787-32 „ 


Oxidation of Sewage in RiDer-watcr.—liAy {Chem, Soc. J, 1880, xxxvii. 
268) has published a large number of analyses of river-water, viz. filtered and un- 
filtered Thames water ; water of river Lea (filtered) ; of the Nile, Severn, and 
Shannon. As the result of his observations on these rivers and of experiments made 
specially on running water containing sewage, he concludes that when sewage is dis- 
charged into running water, provided the primary dilution of the sewage with pure 
water be sufficient, the run of a few miles, the precise distance of travel being de- 
pendent on several conditions, effects the removal of the whole of the organic im- 
purity ; and that whatever may be the actual cause of certain diseases — i.e. whether 
germs or chemical poisons— the materies morbi which finds its way into the river at the 
sewage outfall is destroyed, together with the organic impiirity, after a certain flow. 

These observations have been critically examined by Prankland. From experi- 
ments made in conjunction with Miss Lucy Halcrow {Chem. Sog. J. 1880, xxxvii. 
506), he concludes that if peaty matter dissolved in river-water is spontaneously 
oxidised at all, the process takes place with extreme slowness, and cannot be accom- 
plished to any considerable extent in the flow of a river, the results showing that 
peaty matter is even less oxidisable than animal matters under the same conditions. 
Additional evidence upon these points is contained in the analytical results of the 
examination of rivers made in the course of the inquiry instituted by the second Rivers 
Pollution Commission in 1868. 

Composition of Irish Soa Water. — Thorpe and Morton {Chem. Soc. J. xxiv. 
506) have given the following numbers as showing the composition of the water of the 
Irish Channel: 
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One thousand grams contain — 


Sodium chloride .... 

. 26-43918 

Potassium chloride 

. 0-74619 

Magnesium chloride 

. 3-15083 

Magnesium bromide 

. 0-07052 

Magnesium sulphate 

. 2-06608 

Magnesium carbonate . 

. . traces 

Magnesium nitrate 

. 0-00207 

Calcium sulphate 

, 1-33158 

Calcium carbonate 

. 0-04754 

Lithium chloride .... 

. . traces 

Ammonium chloride 

. 0-00044 

Ferrous carbonate 

. 0-00503 

Silicic acid ..... 

traces 


33-85946 

Amount directly determined . 

. . 33*83855 


Sp. gr 1-02721 at 0° 

1-02484 at 15° 

The total quantity of soluble salts contained in the water of the Irish Sea in the 
summer is rather larger than in winter, owing to the greater evaporation and dimi- 
nished influx of fresh water in the former season. 

The effect of the season is seen in the following table. The results of Forch- 
hammer’s numerous analyses of ocean- water are annexed for the sake of comparison: 


Water of Irish Sea 
Absolute amount / Summer . 
in 1,000 grams \ Winter . 

Pelative amount ' 

Cl 

18-735 

18-627 

100 

100 

SO* 

2-187 

2-161 

11-67 

11-63 

CaO 

0-575 

3-09 

MgO 

2-032 

10-93 

Total salts 
34-082 
33-838 

181- 91 

182- 09 

Water of Atlantic Ocean 
Absolute amounts 
in 1,000 grams j 

Eelative amount . 

19-865 

100 

2-362 

11-89 

0-588 

2-96 

2*199 

11-07 

35’9 1 6 

181-10 


T. E. T. 


WAVZiXiXiITXi. A specimen of this mineral from the county of Cork has been 
analysed by A. H. Church {Chem, Soc, J. xxvi. 110), with the following result : 

P®0° F Al^'O'* Pe=0“ ' CaO SiO= H=0* H=Ot Xt 

32-00 2-09 37-18 trace trace 0*19 22-15 4-30 2-09 = 100 

^ At 200°. t At a low red heat. % Loss. 

Church considers that the amount of fluorine given by the analysis is too low, also 
that part of the loss ought to be reckoned as fluorine. He regards wavellite as a 
fluophosphate of aluminium. 

'W’AX. The electrical properties of wax have been investigated by W. E. Ayrton 
(Phil, Mag, [5], vi. 132). The electric conductivity of wax does not change during 
fusion ; its specific inductive capacity rises as the temperature falls slowly from 80° to 
60°, but decreases on further lowering of temperature. The refractive index of wax 
likewise diminishes on solidification. 

The wax of Ficus gummijitm, used in some districts of Java as an illuminating 
material, has been examined by F, Kessel (Ber, xi. 2112). It is brown, brittle, melts 
between 60° and 70°, and yields to boiling water considerable quantities of a brown 
colouring matter, after the removal of which it is colourless. The colourless wax is 
resolved by ether into two bodies, one sparingly, the other easily soluble. The spar- 
ingly soluble constituent has the composition and is therefore isomeric with 

ceryl alcohol ; it is crystalline, melts at 62°, is converted by POP into a chloride, and 
by acetyl chloride into an acetate melting at 57®. The easily soluble constituent 
crystallises in small nodules, melts at 73°, and likewise yields a chloride 
and an acetate. On subjecting the decolorised resin to dry distillation, there was 
obtained, together with other products, a body having the composition xC^H^-O, whicij. 
melted at 62°, crystallised in laminae, and was converted by oxidation with dilute 
nitric acid into an acid which crystallised in nodules. 

a 
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WXXiUSWXTB. A variety^ of xanthophyllite from the Nikolaje-Maximi- 
lianowsk mine, near Achmato'wskj in the southern Ural. From clinochlor it is dis- 
tinguished by its greater hardness (4*5), and from xanthophyllite by the very large 
angle of its opbic axes lying in the brachy diagonal principal section, whereas 
xanthophyllite is regarded as uniaxial. It occurs, together with perowskite, in 
chlorite-slate, possesses marked dichroism, and is similar in its crystallographic 
relations to mica (according to Eokscharow), being rhombic, with a tendency to the 
development of monoclinic hemihedral forms, and a prismatic angle which gives to 
the combination qo P. cofco the form of a hexagonal prism, a I b i c ~ 1 : 1*73205 : 
0'70729, or 0*5773 *. J. ; 0*4926 (c nearly | of the principal axis of mica). Ordinary 
4:Poo 6?3 

combination OP. ~ . An analysis by P. v. Nikolajew gave : 

z z 


SiO‘- 

16'90 


43*55 


Fe=0“ 

2*31 


FeO 

0*33 


CaO 

13*00 


MgO 

17*47 


H=0 

5*07 = 98*63 


‘WXSTE. On the natural constituents of wine see A. Dupr4 {Ghem, Mws, xxxi. 
125, 137). 

The composition of a considerable number of Italian wines (520 samples) from the 
Vienna Exhibition has been examined by Sestini, Del Torre a. Baldi {Ber. vii. 1294). 
The mean proportion of alcohol in these wines is between 13 and 14 per cent.; a 
few contain less than 10 per cent. The quantity of free acid, even in the sourest (the 
Venetian) wines, does not exceed 1 per cent. The amount of solid residue is 
greater in the northern than in the southern wines. The average quantity of ash is 
3 to 4 per cent. The quantity of sugar in Sicilian -wines varies from 13 to 20 per 
cent. The wines of northern Italy contain only 1 to 2 per cent, sugar. The amount 
of tannin appears to vary inversely as that of sugar, the average proportion being 
1 to 2 per cent. The greatest amount of glycerol (Ij per cent.) is found in Sicilian 
wines. The proportion of volatile acids is greatest in the aromatic wines, 
amounting to one- fourth of the total quantity of free acids. 

Analyses of wine marc, which had lain for 30 days in the vat with the must, and 
had then been well pressed, gave the following results in grams per kilogram : 



Red 

White 

Alcohol . 

58*5 

39*0 

Water .... 

. 332 2 

347*5 

Dry substance at 100° . 

. 609*3 

613*3 

Nitrogen 

1*032 

1*016 

Ash .... 

71*08 

60-03 

Seeds .... 

. 172*8 

236*25 

Bitartrate of potassium . 

83*8 

81*7 


On the composition of Hungarian wines, see Wartha^ (/. pr, Ghem. [2],^ vii. 350) ; 
of wines from the neighbourhood of Verona: G-. dal Sie chiih. ital. 1873, 

257) ; of Californian wines : Merrick {Amer, Chemist, vi. 85) ; of Virginian wines : 
Cooper {Ghem. News, xxxii. 160). 

On the composition of the Must of wine prepared from grapes of different degrees 
of ripeness, see Cossa, Pecile a. Porro {JSiedermami’s Centralblatt f. Aprioulturchemie, 
1875, 341 ; JOingl. poL J. ccxvii. 342 ; Jahresb.f. Ghem. 1875, 1130). 

preservation . — Favourable reports on Pasteur’s method of preserving wine by 
heating it to 60°-65° C. (vii. 1 208) are given by C. Neubaner {Bingl. pol. J. ccvii. 
175). Eed wine keeps particularly well after this treatment, but white wines, which 
are richer in albumin, sometimes become turbid. 

On the Neutralisation of the Free Acid in wine by the addition of Calcium Carbonate 
to the 'must after fermentation (Chap tabs process), see Moschini a. Sestini {Gazz. 
Chim. iial. 1873, 195 ; Ghem. Bog. J. xxvi. 1275). 

On the treatment of wine with Air during Fermentation, see A. Ott {Bingl. pol. J. 
civil. 155 ; Ghem. Boo. J. xxvi. 660). 

On the Classification of wines, see B. Hoff {Bingl. pol. J. ccxiii. 451) ; P. Wagner 
{Beriehte d. landw. Versuchsstation, Barmstadt, 1874; Jahresb.f. Ghem. 1874, 1178); 
L. Weigert {Ghem. Centr. 1878, 702; Ghem. Boo. J. xxxvi. 290); also E. Mach 
{Bied^rmann^s Centralblatt f. AgriGultiirchcmie, 1879, 453 ; Ghem. Boo. J. xxxvi. 
1078). 

On the Preparation of Eed wine, see F. Kernlter {Ghem. Boo. J. xy.xvi. B81). Cn 
the pressing of red wine, Kessler {ibid. 681). 
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On tlie Plastering of wines, Pollacei {Gass. Chim. ital. 1878, 379 ; Chcm. 8oc. J. 
xxxvi. 681, 762). 

On the Changes which wine undergoes in keeping, see Berthelot {J. FJiarm. Chim. 
[4], xxix. 489; Ghem. Soc. J. xxxvi. 763). 

Analysis of 'Wines, i. Estimation of Alcohol. — E. Duclaux {Compf rend. 
Ixxviii. 251 ; Ann. Ch. pkys. [5], ii. 233) estimates the amount of alcohol in wine by a 
method based upon the fact that when alcohol is added to water, the density and 
surface-tension of the liquid are diminished, and consequently the number of drops 
yielded by a given volume of the liquid from an orifice of constant width is increased. 
The instrument used for the purpose is a pipette of 6 e.c. volume. It is filled with 
the alcoholic liquid under examination, the drops are counted, and the alcoholic value 
is then determined from the tables which have been calculated for various tempera- 
tures. The alcoholic value of wines may thus be estimated with considerable accuracy 
without previous distillation. In these liquids the density varies very little, and is 
always near that of water ; and as their superficial tension depends solely upon the 
alcohol which they contain, it is but necessary to count the drops which they yield, 
and refer to the tables for the result. 

If to alcohol or water slight traces of an organic substance having a high molecular 
weight be added, such as acetic ether, butylic or amylic alcohol, &e., the number of 
drops yielded by the alcohol or water rises very sensibly. A measurable effect can 
be produced with g^th part of acetic ether. This process is thus available for 
detecting and approximately estimating certain substances when present in such small 
proportions as would not be indicated by any other method. 

See further Ann. Chim. phys. [5], ii. 289; Compt. rend. Ixxviii. 1159; Bingl. 
pol. J. ccxiii. 257, 261 ; Chem. Soc. J. xxvii. 1012. 

Estimation of Sugar. — B^champ {Compt. rend. Ixxx. 967) remarks that wine, 
after being • decolorised, slightly concentrated, and freed from acid potassium tartrate, 
contains, in addition to sugar, two substances possessed of optical rotatory power. 
The same substances affect also the quantity®! copper precipitated from an alkaline 
cupric solution, so that the fermentation method is the only one that can be depended 
upon for the exact determination of the amount of sugar in wine. According to 
Chancel {Compt. rend. Ixxxi. 46) these bodies are identical with the gummy substance 
found in wine by Pasteur {Etudes sur le Vin, 1866, p. 213). See also Maumen^ 
{Compt. rend. Ixxx. 1026). 

On the estimation of Grlycerol in wine, see G-lyceein (p. 873) ; also E. Eeichardt 
{Arch. JPharm. x. [3], xi. 142; Jahresh.f. Chem. 1877, 1200). 

Detection of Adulterations. — Elaborate memoirs were published a few years ago on 
the fraudulent coloration of wines by vegetable colouring matters of various kinds, 
e.g. extract of Brazil wood and logwood, cochineal, Portugal berries, berries of 
Phytolacca decand.ra^ beet-root, hollyhock flowers, fuchsine, &c. ; but as most of these 
alleged adulterations are harmless, and the extent to which they are employed appears 
to have been greatly exaggerated, a reference to the memoirs describing the mode of 
detecting them will be sufficient. See G-autier {Dull. Soc. Chim. [2], xxv. 435, 483, 
530 ; Analyst, i. 109, 131; Che77i. Soc. J. xxx. 330, 428); Chancel {Coiyvpt. 7'Q7id. 
Ixxxiv. 348 ; Jahresh. f Chem. 1877, 1202; Chem. Soc. J. xxxii. 371) ; Griessmayer 
{Bingl. pol. J. ccxxiii. 531 ; Chem. Soo. J. xxxii. 368) ; Vogel {Ber. ix. 1906) ; 
Hilger (fihigl. pol. J. ccxxv. 310 ; Chem. Soc. J, xxxii. 928). 

On the detection of Tannin in red wines by Ammonium- vanadate, see Vanadates 
(p, 2090). 

On the examination of wines sophisticated with G-lucose, see Neubauer {Bingl. pol. 
J. ccxxv. 309 ; Chem. Soc. J. xxxii. 939). 

-WOXiFBAlVI. See Tungsten (p. 2066). 

WOXiXtASTOSSrXTJE:. This mineral occurs, together with fassaite, less frequently 
with melanite and other minerals, in the lava of Santorin (Foiiqu^ Compt. rend. Ixxx. 
63 ; Jahresh.f Chem. 1875, 1275). See Volcanic Products (p. 2114). 

WOOD. On the Electric Conductivity of various kinds of wood, see Elbctkicity 
(p. 720). 

Heat-cooiductivity. — The following determinations of the specific gravity and heat- 
conductivity of box, maple, and oak have been made by E. Less {Anii. Phys. 
Ergdnzhd^Yiii. 617) : 



WOOD. 


2139 


Sp. gr. Heai- 

_ conductivity. 

Box, pariillel to the fibres 0*790 335 

Maple „ „ 0*634: 192 

Oak „ „ 0*621 161 

Oak, perpendicular to the fibres, parallel to the annual rings 0*568 86 

Maple, perpendicular to the fibres, parallel to the annual rings 0*607 85 

Oak, perpendicular to the fibres and to the annual rings . 0*571 75 


On the Expansion-coefficients of various kinds of wood, see Heat (p. 935). 

On the Absorption-power for Water of various kinds of wood, see Maumene {Compt. 
rend. Ixxxvii. 943). 

Composition of the Gases contained in the C'dlsand Vessels of Wood. — Experiments 
by J. Bdhm {Landw. Versuchsst. xxi. 373) have led to the following conclusions : 

1. The gas collected by boiling in water living branches containing air only, is poor 
in oxygen, and always contains over 30 per cent, of carbonic anhydride, whilst tresh 
branches, killed by hot steam and then heated up to 90*^ in pure oxygen for 6 to 7 
hours, form very little carbonic anhydride. These results seem to show that the inner 
cells are but slowly killed in the first ease, owing to the low heat-conductivity of the 
wood, and that the contained oxygen is converted into carbonic anhydride during the 
process. 

2. The best method for extracting the air is to seal one end of the branch, 
immerse it in water at a low temperature, and connect the other end with a Sprengel 
pump. 

3.. In consequence of the low tension of the air in the cells of living plants, only 
that portion is extracted which has been absorbed by the branch whilst being cut off. 
Only in one case has the air obtained approximately the composition of that in the 
living plants. The cells of Syringa in a frozen branch are almost impermeable to 
compressed air, whilst, when they are thawed, air easily permeates them. 

4. Numerous analyses show that the total percentage of oxygen and carbonic an- 
hydride obtained from thawed branches is always less than tie amount of oxygen 
contained in the atmosphere. During slow experiments carbonic anhydride is always 
formed by internal respiration. The remarkable composition of the cell-gas bears 
some relation to its low tension, and is evidently a consequence of the relatively easy 
permeability of moist membranes for carbonic anhydride. 

5. During the experiment a little air is absorbed and a little gas escapes. 

6. In the first portions of gas extracted, the toUil percentage of oxygen and carbonic 
anhydride is al'W’ays greater than in the follo*wing portions, and is greater than the oxygen 
contents of the atmosphere. This is a consequence of the relatively easy permeability 
of moist membranes for oxygen, and of the greater absorbability of this gas by water 
as compared with nitrogen. The gas obtained from branches during the first five 
minutes often contained over 24 per cent, of oxygen. 

7. Syringa branches which had hung for eight days during winter within a 
moistened cylinder, at an ordinary room temperature, gave very little gas, as was also 
the case with gas from thawed branches ; the total percentage of carbonic anhydride 
and oxygen was always less than that of the atmosphere. 

8. The gas obtained as quickly as possible from freshly-cut willow branches in 
summer contained from 9 to 12 per cent, of carbonic anhydride, showing that the cell- 
gas of plants in active growth is rich in carbonic anhydride. 

9. The gas obtained from the roots of willow-plants always contains a total per- 
centage of carbonic anhydride and oxygen less than that of the oxygen in the 
atmosphere. The cause of this must be that a part of the carbonic anhydride formed 
by the permeation of the air is carried away by the ascending sap-current. This 
agrees with the fact that gas extracted from the branches is richer in carbonic anhy- 
dride as the transpiration is more active. 

Distillation at Low Temperatures. — H. B. Heill {Ber, x. 936) found amongst the 
products of distillation of wood at temperatures below 200°, as practised at a wood- 
vinegar factory at Brooklyn, furfural, and an orange-yellow crystalline body, agree- 
ing in composition and properties "with Scanlan’s pyroxanthin(iv. 776). 

On the Preservation of wood by Impregnation with various liquids, see Dingl. pol. 
t7. ccvii. 615; ccxv. 472; ccxviii. 370, 527; Jahresb. f. Chem. 1873, 1105; 1875, 
1158-1160; Che 7 n. Soc. J. xxvi. 1072; xxvii. 726, 728, 1189; xxviii. 491, 792; 
xxxix. 244. 

On the manufacture of Paper from wood, see Rosenheim {Dingl. pol. J. ccxx. 81 ; 
Chem. Soc. J. xxx. 234) ; also Ohe^n. Soc. J. xxv. 1048 ; xxvi. 1069. 

Wood-grum. This name is applied by J. Thomsen {J.fiir Chem. [2], '^ix. 14^ 
to a substance — isomeric with cellulose and identical with the ‘ pectin -sub stance ’ 0 *^ 
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PoumarMe a. Figuier (iv. 364), wliich is obtained by the action of cold dilate 
canstie alkali on wood. It is most readily prepared from beech sawdust, by digesting 
with aqueous ammonia, washing, again digesting with caustic soda, filtering, precipi- 
tating the filtrate with alcohol, washing with alcohol, digesting with a little dilute 
^ hydrochloric acid to remove mineral matter, repeatedly washing with alcohol, and 
finally with ether. 

As thus prepared, wood-gum is a colourless powder, insoluble in cold water, but 
soluble in about 50 parts of boiling water, forming a liquid which becSmes opalescent 
on cooling, and yields a copious precipitate on addition of a drop of dilute hydro- 
chloric acid, acetic acid, sodium chloride, caustic soda, or sodium acetate solution : it 
is insoluble in alcohol. No coloration is produced by addition of iodine tincture to a 
solution of pure wood-gum. 

Wood-gum is found in the wood of leafy trees, but is not present in that of conifers : 
the quantity of this substance in the wood of any tree increases as the axis of the 
trunk or branch is approached : old wood contains smaller quantities of it than new 
wood. The following table shows the amount per cent, separated from different 
woods : 

Beecn 

Birch Cold) Beech (young) Ash Elm Oak Cherry 
Periphery. . 13*9 8*2 11*9 13*8 97 8*9 14*4 19*3 

Middle . . 19*7 lo*9 11*3 15*9 10*7 12*0 10*7 15*4 

Wood-oil, the volatile oil of Dipterocarpus- balsam or Gurjun-balsam (p. 918), 
may be recognised by the splendid violet colour produced on adding a drop of a 
cooled mixture of equal parts of sulphuric and nitric acid to a solution of 1 pt. of the 
oil in 20 pts. carbon bisulphide. This coloration is not interfered with by the 
presence of copaiba-balsam, and it remains permanent for several hours, whereas the 
similar colorations produced by cod-liver and valerian oils disappear very quickly 
(Fliickiger, Analyst^ i. 94). 

Wood-tar. G. Thenius, by fractional distillation of large quantities of wood- 
tar, has obtained a series of hydrocarbons boiling below 80°, together with benzene at 
80°. All these hydrocarbons are said to yield nitro-amido-derivatives, and likewise 
dye-stuffs {Dingl. 'pol, J. ccxxvii. 374; Cliem. Soc. J. xxxiv. 664). See further Tab 

(p. 1880). 

WOO£. The heaUconduoting power of wool is 12, that of air being taken as 
unity (J. Schulmeister, XHngl. pol. J. ccxxvi. 326). 

Air-dried wool contains 14*35 per cent, of water (Bernard, 216). 

Decomposition hy Bariwn Hydrate , — Schiitzenberger {Compt, rerul. Ixxxvi. 767), l)y 
decomposing 100 grams of purified wool with an aqueous solution of barium hydrate 
(300-400 grams) at 170°, has obtained the following products : 

Nitrogen (evolved as ammonia) 6*25 

Carbonic acid (separated as BaCO®) . . . , 4*27 

Oxalic „ (separated as BaC^O'‘) . . . .5*72 

Acetic „ (by distillation and titration) . . .3*2 

Pyrroline and volatile products 1 to 1*5 

(C . . 47*85 

Elementary composition of fixed residue, containing jH . . 7*69 

leucine, tyrosine, and other nitrogenous products IN, . 12*63 

lO . . 31*83 

100*00 

Oxidation in AlJcaline Solution, — Wool, dissolved in aqueous potash and oxidised 
by potassium permanganate is converted into cyanopropioni c acid, C^H®(CN)0‘^ 
(Wanklyn a. Cooper, p. 1676). 

Bleaching. — The following directions for the bleaching of wool are given in 
Keiman’s Farhezeitung, 1873, No. 31. One hundred kg. wool are treated with a solu- 
tion of 5 kg. acid sodium sulphite, and 2 kg. hydrochloric acid are added ; or the wool 
is sprinkled with the solution of the same quantity of the salt in 100 litres of water 
and then dipped in a bath of hydrochloric acid. 

J. Persoz {Monit. scient. [3], iv. 862) discusses the difficulties which have to be 
overcome in the bleaching of wool. The sulphurous acid, either gaseous or in aqueous 
solution, unites with the colouring matters of the wool, forming colourless compounds. 
The bleached wool consequently contains sulphurous acid, and must therefore be very 
qareMlyJ:reated, otherwise the sulphurous acid will escape and the colours will re- 
appear. ""The sulphurous acid may, by the action of atmospheric oxygen, especially 
If assist^ by sunlight, be converted into sulphuric acid, which affects the course of 
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the subsequent operations (dyeing, printing), besides acting on the tissue itself. The 
presence of sulphurous acid destroys the faint tint usually given to bleached fabrics 
by aniline-dyes. Bleu de Lyons (dissolved in alcohol) is not altered by sulphurous 
acid ; Nicholson’s alkali-blue is darkened by it; fuchsine-violet is turned blue ; violet 
de Paris is first turned blue and then disappears altogether ; aniline-red is completely 
decolorised. Bleu de Lyons and fuchsine-violet are therefore the colours "which best 
withstand the action of sulphurous acid, and should accordingly be used for the blue- 
ing of bleached wool. The water used for washing has a very great influence on the 
fabrics, and no cheap method has yet been discovered of preventing the injurious 
action which it sometimes exerts. Very great care must be bestowed on the glazing 
of the tissues. The smallest trace of lead-compounds in the glaze is sure, sooner or 
later, to exert a disturbing action. The addition of paraffin to the glaze must be 
avoided, as paraffin cannot be subsequently removed from the tissue. If the woollen 
fabric is wound on rollers, it is not advisable to lay a number of such rollers one on 
the other, as the tissue is thereby prevented from expanding and contracting freely, 
and consequently becomes dragged. The rolls should be as far as possible set up on 
end and frequently reversed ; otherwise the water will collect at one end, thereby 
causing the cloth to dry unequally and become spotted. On the whitening of woollen 
cloths see also V. Preston {Bingl. pol. J, ccxxv. 531; Jahresh.f, Ckem. 1877, 1229), 
and A. Kielmeyer (JOingl. poL J. ccxxv. 389). 

Lyeing . — According to C. Lauth Soe. Chim. [2], xix. 401), wool may be 

prepared for dyeing with aniline-green by treating it with sodium thiosulphate 
and an acid. The sulphur thereby separated fixes itself oi^ the wool and imparts 
to it the power of taking up the aniline-green. Direct experiments have shown that 
this action is exerted only by that portion of the sulphur which is insoluble in carbon 
bisulphide. Every other method of impregnating wool with sulphur has led to only 
negative results. It is advantageous to mix the thiosulphate solution with alum or 
a zinc salt. If it be desired to give the green a tinge of yellow by simultaneous dyeing 
with picric acid, a small quantity of zinc acetate must be added to the bath. Zinc 
acetate keeps up the blue tint of the aniline-green. 

Alkali-blue (Nicholson’s blue) may be fixed on wool, so as to stand the fulling 
process, by adding a little zinc sulphate to the second (acid) bath. Dyeing with 
other aniline colours is also greatly assisted by the addition of zinc sulphate to the 
dye- bath (E. Drauss, Dingl. pol. J. ceviii. 157). 

To print a yellow colour on woollen thread previously dyed red, 40 grams of xanthine 
are dissolved in 500 g. water, and, on the other hand, 30 g. sodium sulphite are 
dissolved in 500 g. water, and 250 g. zinc-dust are stirred into the resulting solution. 
The twc solutions are then mixed, the pattern is printed with the mixture, and the 
cloth is finally steamed. Aniline-yellow cannot be used for this purpose, since aniline- 
colours are destroyed by zinc-dust {Dingl. pol. J. ccviii. 238). 

On the direct yellow- dyeing of wool with chromic add, see Jacquemin (p. 460). 
V. Joclet {Dingl. ccxxix. 288) recommends for this purpose the use of chrome-alum 
instead of potassium dichromate, a greater regularity of tint being thereby obtained. 
The wool is boiled for an hour and a half in a chrome-alum bath, whereby it is 
coloured bluish-green. The colour is stable, and bears exposure, which is not the 
case when potassium dichromate is used. For blues and greens, alum, and sulphuric 
acid are added to the bath ; for blacks, the sulphuric acid is omitted. For brown, 
sulphuric acid is used if the material is not to be dyed with madder. Copper 
sulphate gives darker tones, whilst addition of tin salts is made in case of violet- 
blues and bluish-greens. 25 kilos, require the following proportions in the chrome- 
alum bath : , 


Colour 

Alum. 

G-rams 

Bro"wn madder 

. — 

Olive madder . 

. — 

Black 

. — 

Coffee-brown . 

, — 

Dark blue 

500 

Light blue 

500 

Dark green . 

600 

Light green . 

300 

Violet . 

600 


L-SO\ 

CuS0^ 

Chrome-alum. 

•rams 

Grams 

Grams 

— 

— 

650 

— 

50 

630 

— 

— 

625 

40 

100 

600 

50 

50 

450 

50 

— 

400 

60 

100 

600 

60 

— 

625 

50 

40 

salts of tin. 

500 


On the removal of Vegetable fibres from Wool by the action of Acids (Chemmal 
Purification of Wool) see Duclaux, Dechartier a. Raulin {Bull. Soo. Chim. [2*7, xxi. 3^7 ; 
Jahresh. f. C%em.T874, 1204; Chem. Soc. e/l xxviii. 200). On the use of -^-lumini Jm 
chloride for the same purpose, see Joly {Dingl. pol. J. ccxxvi. 328). 
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X 

XiLXrTKAMIBB, NH~.CS.OC-H® (v. 491), is formed, together' -with methyl- 
mercaptan, by the action of alcoholic ammonia on the thiocarbonie ether, CH^S.CS. OC-H^ : 

NH3 + CH3S.CS.OC-H5 = NH^.CS.OC^H^ + Cm.SM 
(Salomon a. Manitz, J, jpr. Chem. [2], viii. 114). 

On the reaction of xanthamide with Valeral, see p. 2084. 

Methylic Xanthamide^ NH-.CS.OCH^ is formed, together with methylic pxythio- 
carbamate, NH^.CO.SCH^ by the action of thioeyanic acid on methyl alcohol. 

XAIffTHATBS, (E denoting a metal or alcohol- 

radicle). The products of the dry distillation of metallic xanthates have been 
examined by Eleiseher a. Hanko (Ber. x. 1293). The dry potassium and sodium 
salts yield carbon disulphide, ethyl monosulphide, ethyl disulphide, and carbon* oxy- 
sulphide ; the hydrated salts yield mercaptan, carbon disulphide, the two sulphides 
of ethyl, carbon dioxide, and hydrogen sulphide. The residue consists chiefly of 
carbonates. Lead mnthates yield the same products as the dry xanthates of the 
alkali-metals. The compound called ucanthurin, described by Couerbe as a product 
of the distillation of xanthates, is regarded by Fleischer a. Hanko as a- mixture of 
the two ethyl sulphides with carbon oxysulphide. 

E. A. Hrete {Ber. x. 1039) makes use of the hydrogen sulpMde evolved by the 
decomposition of xanthates for the reduction of nitric acid in the quantitative estima- 
tion of nitrates. For this purpose the nitrate is heated with a mixture of a xanthate 
and soda-lime. 

On the estimation of Carbon disulphide by converting it into potassium xanthate, 
and titrating this salt with a normal solution of copper, see Carbon Bisulphide 
(p, 408). 

According to P. Zoller {Bingl. ^ol. J. ecxxi. 191 ; ccxxii. 190) small quantities of 
xanthates mixed with the soil prevent the formation of fungi. Zoller a. Crete {Be 7 \ 
viii. 802, 955) recommend potassium xanthate as a remedy against Phylloxera. 

The following xanthates are described by T. L. Phipson {Compt, rend. Ixxxiv. 
1459) ; — The ottprous salt formed on mixing a cupric salt with potassium xanthate is 
an orange-yellow shining precipitate, insoluble in water, easily soluble in carbon 
sulphide, very easily in nitric acid ; in the dry state it burns like tinder. It is in- 
soluble in ammonia, a property which may be rendered available for the separation 
of copper from pietals which form xanthates soluble in ammonia. The xanthates of 
nicJcel and cobalt are especially distinguished one from the other by their reaction 
with ammonia, the former being soluble therein, the latter insoluble. The zi-iio salt 
is easily soluble in ammonia. 

When potassium xanthate and ethyl chlorocarbonate are mixed in nearly mole- 
cular proportions, a slight excess of the former being, however, advantageous, a white 
precipitate is formed containing chloride and ethylearbonate of potassium, and at 
the same time an oily liquid is produced, which, after treatment with a large quantity 
of water, solidifies to a crystalline pulp ; and on recrystallising this product from 
alcohol, splendid yellow needles are obtained, melting at 55° and consisting of 
diethylic dithiodicarbothionate, S(CSOC2H^)‘‘*, analogous to the ethylic dicarbo- 
thionate, S(COOC2H®)^ which V. Meyer obtained by the action of sodium mono- 
sulphide on ethyl chlorocarbonate (vi. 406). Its formation may perhaps be represented 
by the equation : 

3CS<Of H- 2CO<gf = 2S<g|;gg:|: + + 2ICC1. 

With potassium ethylate it yields CO(OC^H®)SK, and potassium xanthate : 

S(CS.002H=)o + 2KOH = + HO; 

and with alcoholic ammonia it forms xanthamide : 

S(CS.OC^H")“ + 3NH3 = 2CS<;^g°® + NH<SH. 

Fotassium xanthate and ethylene bromide form ethylethylenic xanthate, 
C^‘‘(S.C^0-H*'')-, as a yellowish oil, which solidifies after washing with water, and 
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is obtained by recrystallisation from ether in fine strongly refractive crystals, appar- 
ently belonging to the rhpmbic system and melting at 42°. This body is decomposed 
by potassium ethylate, with formation of potassium xanthate, ethylene bromide, and 
water : 

C2H'‘(S.CS.OC2H^)2 + 2KOH 2CS(OC2H^)SK + C^H^O -i- H^O. 

With alcoholic ammonia it yields xanthamide and ethylene-mercaptan : 

c^Hxs.cs.oo^H^)^ + 2 Nh;=* = 20S(0C2b:«)nh:2 + c^H'^csh)^. 

The action of ethylene bromide on the compound C0(0C2HS)(SE:) appears to be 
analogous to that which it exerts upon the xanthate (H. Welde, Be 7 \ ix. 1044). 

XAIffTKiasrilffB, This base, which Finch obtained by the action 

of heat on ammonium thionurate (v. 1051), is also produced by the action of sulph- 
uric acid at 150° on pseudouric acid (p, 1698). 

XAB’THXtri^. According to Gruichard (Pharm. J, Trms. [3], vii. 249), 
Xanthium sjtinosum contains an alkaloid; G-odeffroy, on the other hand (j&er. ix. 1796), 
found in it neither alkaloid, nor gluco&ide, nor bitter principle. The plant yields a 
large quantity of ash rich in alkalis and nitrates. ‘ By distillation with water it 
yields a distillate smelling of chamomile, fcom which a small quantity of a greenish 
oil may be separated. 

XAM-TKOGAZiXiOXi, C^8H4Bri406 (Stenhouse, CJiem. Soc. J. xxviii. 1). This 
compound is formed by the action of bromine in presence of water on tribromopyro- 
gallol (vii. 1031). It is best prepared by gradually adding 1 mol. pyrogallol to 
10 pts. bromine, leaving the product at rest for two or three hours to ensure the com- 
plete transformation of the pyrogallol into tribromopyrogallol, and then shaking it 
with 30 pts. water till it is completely dissolved, and heating it. With a larger 
quantity of water the yield of xanthogallol is smaller, an oil being formed at the 
same time, which greatly increases the difficulty of purification. Xanthogallol is 
formed only by the action of bromine and water on ready-formed tribromopyrogallol, 
according to the equation : 

4C«H«Br^O« -h llBr^ -f eWO « C^WBrJ^O^ -i- eCO^ + 20HBr. 

Pyrogallol itself, when similarly treated, does not yield a trace of it. 

Xanthogallol, purified by recrystallisation from carbon sulphide and light petroleum, 
forms shining yellow laminse, melts at 122°, and dissolves readily in ether, benzene, 
and carbon sulphide, less easily in petroleum. It is decomposed by solution in alcohol, 
by boiling with water, and by prolonged boiling with benzene or petroleum. When a 
solution of 1 pt. xanthogallol in 10 pts. ether is agitated with 2 pts. of a cold saturated 
solutiou of sodium carbonate, the liquid being cooled from time to time, the ether 
takes up a body which remains, on evaporation of the ether, in the form of an oil 
having a peculiar odour, whilst a sodium-compound separates in light yellow shining 
laminae. If this sodium-compound, after washing with a nearly saturated solution of 
sodium carbonate, be suspended in 8 pts. of water and dilute sulphuric acid added, a 
substance, apparently having the composition separates in long colourless 

needles melting at 130°, very easily soluble in alcohol and ether, soluble also in hot 
benzene and carbon sulphide, sparingly in petroleum,- decomposing gradually at 
ordinary temperatures. The sodium-compound is not very soluble in cold water, but 
dissolves readily in alcohol. It is decomposed by drying at ordinary temperatures 
and by the boiling of its aqueous solution. The analogous ammonium and potassium 
compounds resemble the sodium-compound in their properties. The aqueous solution 
of the sodium-compound gives a dirty-white precipitate with cupric sulphate, yellow 
with silver nitrate. The solution of the silver precipitate in nitric acid decomposes 
on boiling, with separation of silver bromide. The chlorides of calcium and barium 
give white precipitates. The Sarie^m-compound becomes yellow when dried in a 
vacuum, and then contains 15*64 to 15*72 per cent. Ba. The white crystalline com- 
pound, agitated in ethereal solution with aqueous potassium iodide, yields a shining 
yellow precipitate insoluble in water, but ffissolving, apparently with decomposition, 
in alcohol. 

When tribromopyrogallol is treated with only 1 mol. bromine and then mixed 
with 5 to 10 pts. water, an orange-coloured solution is formed, which after a short 
time deposits colourless laminse of a compound decomposing slowly on standing, more 
quickly when gently heated. This compound is nearly insoluble in carbon sidphide, 
slightly soluble in water, easily in ether, and is precipitated therefrom in the crystal- 
line state by chloroform or carbon sulphide. It does not appear to be converted into 
xanthogallol by the action of bromine in excess. 

aLaWTHOPHYXiZi. See Plant-COLOUes (p. 1630). 
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2S:A1srTKOPHYIi3j3CTE. On the variety of this mineral called Wiluewiiej 
see p. 2137. 

XAM*THOPTlTR3PURIBr, This nnsym- 


metricaldihydroxyanthraqninone— better colled Purpuroxmithm, inasmuch as xantho- 
purpurin would seem to imply that the compound in question is a purpurin — that is to 
say, a zJfz-hydroxyanthraquinone — was discovered by Schiitzenberger, who obtained it 
from madder and by reduction of purpurin ; was afterwards prepared by'Liebermann a. 
Fischer from purpuramide by the action of nitrous acid (p. 103), and has been farther 
examined by H. Plath (Bev. ix. 1204). It crystallises from glacial acetic acid in 
thick shining needles melting at 262®-263°. By boiling with sodium acetate it is 
converted into a salt which crystallises in red needles. It forms crystalline compounds 
with lime and baryta. 

JDihwmoimr'puroxanthin, C^”H'*Br^(CO)2(OH)-, formed by the action of bromine 
at ordinary temperatures on purpuroxanthin, is slightly soluble in alcohol, easily 
soluble in glacial acetic acid, from which it crystallises in orange-coloured needles 
melting at 227°-230°. By boiling with ammonium acetate it is converted into 
dibromopnrpuroxanthinammoninm, which crystallises in felted groups of red 
needles having a splendid metallic lustre. 

I)mitropiLr]puTOxmtUn, C^2ji4(N02)2(CO)2(OH)^ obtained by the action of fuming 
nitric acid (sp. gr. T48) at ordinary temperatures on purpuroxanthin, is soluble in 
water, more readily in ether, alcohol, and glacial acetic acid, and crystallises in small 
light-red needles melting at 249^-250°. Its barium compound, C*4H‘*(N0-)^(0”Ba)03, 
crystallises in dark-red needles ; ammonium compound, C^*H'*(N0'‘^)2(0H)(0JS[H'^)02, 
obtained by boiling the dinitro-derivative with ammonium acetate, forms light-yellow 
needles having a silky lustre. By treating purpuroxanthin dissolved in^ strong 
sulphuric acid with nitrous acid, a dinitropurpuroxanthin is obtained, which also 
melts at 249°, but crystallises from glacial acetic acid in thick needles having a steel- 
blue colour. It dissolves readily in water, alcohol, other, benzene, and glacial acetic 
acid, and dyes wool an orange colour. Whether this dinitropurpuroxanthin is identical 
or isomeric with the former is a question not yet decided. 

JOimetliylpurpuToxanthin, 020^.0^112(0 CH®)2, is formed when purpuroxanthin, 
methyl iodide, and potassium hydroxide in molecular proportions, with addition of a 
little alcohol, are heated together at 100° in a sealed tube for several hours. It 
crystallises from glacial acetic acid in small light-yellow needles melting at 178°-- 
180°. Bietliylp^irpuroxanthm, prepared in like manner, forms dark-yellow needles 
melting at 170°, insoluble in water, easily soluble in alcohol and in glacial acetic 
acid. 


PurpuroxantMn-cartooxylic acid, G-Burpurin. 

This acid has been found by Scbunck a. Eomer {Ber. x. 172) in a substance accom- 
panying natural purpurin, and may be obtained from the mother-liquor which 
remains after the crystallisation of the crude purpurin from alcohol. This mother- 
liquor is evaporated to dryness ; the residue is treated with boiling water ; a few 
drops of hydrochloric acid are added to the solution ; the resulting precipitate is 
boiled with baryta-water as long as it is acted upon thereby; the insoluble barium 
salt of pnrpuroxanthin-carboxylic acid is decomposed by hydrochloric acid; and 
the free acid is recrystallised from alcohol. The acid may also be prepared from the 
aluminium-compound of commercial purpurin by exhausting this compound with 
boiling dilute hydrochloric acid, which leaves part of it undecomposed, and boiling 
this portion with strong hydrochloric acid. 

Pnrpuroxanthin-carboxylic acid is, according to Schunck a. Bomer, the chief con- 
stituent of e-purpnrin and identical -with Stenhouse’s munjistin (iii. 1061). It 
crystallises in hydrated yellow needles having a golden lustre, and efflorescing even 
on exposure to the air, more readily at 50°. It melts at 231°, and between 232° and 
233° is completely resolved into carbon dioxide and purpuroxanthin. It dissolves 
readily in boiling hydrated alcohol, and frequently separates from the concentrated 
alcoholic solution in anhydrous laminae having a golden lustre. By very slow crys- 
tallisation from glacial acetic acid, in which it is easily soluble, it is obtained in 
tetahedrons. It is more soluble in boiling water than purpurin ; dissolves likewise in 
benzene, chloroform, ether, strong sulphuric acid, potash-ley, ammonia, boiling alum- 
solution, and sodium carbonate. The barium salt has a crimson colour and is in- 
soluble in water. 


XAlffTKOROClSliXim, See Bocella (p. 1759). 

^ XAl^THOZtKAM3»'X3?a', glucoside of Bhaonnus wfectorius. Sec 

'B.HAiviNjiiS (p. 1757). 
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XXnNTOTXlMCS. This mineral occurs in the Binnenthal, in small crystals of the 
quadratic system, exhibiting the combination P.oo P.3P3 (angle P : P in the lateral 
edges = 82° 22'), and agreeing in form with the xenotime of the St. Gothard, Hitterde, 
and Tavetschthal, but not with Kenngott’s mserine (C. Klein, Jahrh,/. Min. 1875, 
337, 369, 852). 

Xenotime from Hitteroe has been analysed by 0. E. Schidtz {ihzd. 1876, 306), 
with the following result : 

Y=0* Ce“0“,Al“0* PeO CaO H“0 

31-88 54-88 8*24 2-93 0-13 0*87 0-13 1*56 = 100-62 

Xenotime has been prepared artificially by P,!RadominsH(<7<?w]?zf. rewd?. Ixxx. 304). 

XBROl^rxC ACXB, C®H*“0‘h A. Prehn {Ber. viii. 19, 359), in preparing meth- 
acrylic (crotonic) acid from citraconic anhydride, obtained, together with the calcium 
methacrylate, a sparingly soluble calcium salt, the acid of which boiled at 232° and 
remained fiuid at -20°. This acid, or rather its anhydride, which Pittig 

has since obtained as a product of the decomposition of citraconic anhydride (p, 513), 
appears to have been contained in the citraconic anhydride used in Prehn’s experi- 
ments, as on dissolving the latter in water, dark oil-drops remained, which, when 
distilled with steam and afterwards heated with water and pulverised calc- spar, 
yielded the sparingly soluble calcium salt above mentioned. 

Xeronic acid exhibits the peculiarity, hitherto observed only in acid anhydrides of 
the lactide type, of separating in the form of an anhydride when their salts are de- 
composed by a stronger acid, so that the acid itself is not actually known. Some of 
its salts have been examined by Pittig {Liebigs Aoinalen^ clxxxviii. 69). The calcium 
salt above mentioned has the composition gives off its water at 

130°-140°, and when heated with dilute hydrochloric acid yields the anhydride, 
as a colourless oil, which is very slightly soluble in water, volatilises very 
easily with steam, may also be distilled alone, and boils w-ithout decomposition at 
242°. It dissolves very slowly when agitated with a cold concentrated solution of 
sodium carbonate, more quickly when heated, also in ammonia. The dilute ammoni- 
acal solution, rendered neutral by evaporation, is not precipitated by calcium chloride 
at ordinary temperatures, but when heated therewith yields a thick white precipitate 
of the calcium salt. The harium salt, -h 4H-0, prepared in like manner, is 

very much like the calcium salt ; it becomes anhy*(irous at 140°, and undergoes no 
further. The silver salt, C®H‘®O^Ag“, obtained in a similar manner, is a white pre- 
cipitate, very slightly soluble in boiling water, not affected by light. 

Xeronic acid has probably the constitution of di-methylacrylic acid: 


H2C-C(CH®)— COOH 
H=C— i(OH’)— OOOH 

Xeronic acid 


mc—c{Gm)—co^ 

H^O— C(CH»)— Co/ 

Xeronic anhydride 


XTXiBZO’XSS, =,C®H‘‘(CH®)''^. Ortho- and para-xylene occur in coal-tar. 
Para-xylene is obtained by agitating crude coal-tar xylene with warm common sul- 
phuric acid, which dissolves only traces of paraxylene, treating the undissolved 
residue with fuming sulphuric acid, which converts it into paraxylene-sulphonic acid, 
and separating this acid from the crude mass by water, which throws it down in the 
form of a crystalline hydrate nearly insoluble in the diluted acid. The hydrated 
sulphonic acid thus obtained may be purified by repeated crystallisation, or by con- 
version into the barium or sodium salt. When subjected to dry distillation, or 
heated with hydrochloric acid, it yields perfectly pure paraxylene, which for the 
most part remains solid at 13°. 

The portion of the crude xylene which is soluble in ordinary sulphuric acid is a 
mixture of ortho- and me^a-xylenes, the latter predominating. To separate them, the 
sodium salts of the sulphonic acids into which the crude sulphuric acid solution is 
first converted, as above mentioned, are transformed .by the action of phosphorus 
pentachloride into chlorides, and these by Schiller a. Otto’s method (p. 1851) into the 
corresponding sulphinic acids ; and on crystallising the sodium salts of these acids, 
that of the orthoxylene-sulphinic acid separates out first, while that of the metaxylene- 
sulphinic acid remains in the mother-liquor. 

Orthoxylene may also be obtained from the tar-oil by a shorter process, which 
does not involve the preparation of the sulphinic acids — namely, by saturating the 
portions extracted from the oil by ordinary sulphuric acid, after dilution, with cal- 
cium carbonate, converting the resulting salts into sodium salts, concentj^ating 
solution strongly, and leaving it to crystallise. The crystals of sodium orthoxylene 
sulphonate thus obtained may be purified by three recrystallisations. 

VoL. Till. 6 T 
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Orthoxylene separated from the sodium-salt of its sulphonic acid, or from the 
corresponding amide, by the action of hydrochloric acid at 190°- 19 6°, boils at 142°- 
143° (0. Jacobsen, Ber. x. 1009). 

Baraxylene . — In preparing this hydrocarbon by the action of methyl iodide and 
sodium on parabromotoluene, b. p. 28*5° (v. 1056), it is not advisable to use ether as 
a diluent, as the action is then extremely violent and the product small. With 
benzene, on the other hand, as a solvent, the reaction tabes place at ordinary tempera- 
tures, and is completed in a comparatively short time. The quantity of bromo- 
toluene acted upon in one operation should not be greater than 50 grams. The yield 
never exceeds one-fifth of the bremotoluene employed, a considerable quantity of 
ditolyl being formed at the same time. 

Pure paraxylene melts at 15°, boils at 136°-137°, and is converted by oxidation 
■with dilute nitric acid into paratoluio acid, melting at 173° (Jannasch, Liebig's 
Anmlen, clxxi. 79). 

Metaxylene is produced, together with a small quantity of paraxylene, by pass- 
ing a stream of methyl chloride, dried by sulphuric acid, for forty- eight hours into 
two long-necked flasks containing 500-600 gr. toluene and 15-20 per cent, alu- 
minium chloride (see Hydrocarbons, ^ p. 1063), and placed in a water-bath at 70°-S0°. 
The product, purified by fractionation and oxidised by permanganate, or in alkaline 
solution by chromic acid, yields isophthalic acid, together with a small quantity of 
terephthalic acid (Ador a. Eilliet, Ber. xi. 1627). 

Metaxylene is also formed, together with dimethylethylbenzene, by submitting to 
fractional distillation those portions of crude wood-spirit which are insoluble or only 
slightly soluble in acid sodium sulphite, and heating the fractions 130°-140° and 
165°~175° for some time in an oil-bath with zinc chloride (80 c.c. liquid •with 
10 gr, zinc chloride). The clear oil floating on the top of tho product gave, after 
washing with strong sulphuric acid and rectification over sodium — from the first por- 
tion, xylene boiling at 138°-143°; from the second, dimethylethylbenzene boiling at 
175°-183°. The xylene, by oxidation with chromic acid, was converted into iso- 
phthalic acid (Kraemer a. G-rodzki, Ber. ix. 1920). 

Metiixylene, heated in a sealed tube at 130°-150° with dilute nitric acid (1 acid 
to 2 water), is oxidised to meiatoluic acid (Bruckner, Ber. ix. 405).’ 

When carbonyl cMoridc is passed into metaxylene cooled to —15°, and aluminium 
chloride then gradually added to the mixture, xylyl ketone, CO(C®H”)2 is formed, 
which remains liquid at —60°, boils at 340°, and is converted by saponification with 
potash into dimethyl-benzoic acid. By prolonged boiling it gives up water, and is 
converted into a hydrocarbon, (Ador a. Eilliet, Ber. xi. 399). 

Metaxylene (1 voL), heated for forty-eight hours at 280° with 10 vol. hydriodic 
acid and amorphous phosphorus, is converted into hexhydrometaxylen*e, C®® 
(p. 160). The product, after -v'ashing with soda-ley and water, drying, and rectifica- 
tion over sodium at 150°, boils between 115° and 120°, has a specific gravity of 
0*777 at 0° and vapour-density -3*75. With bromine and strong sulphuric acid it 
reacts like a saturated hydrocarbon. The same hydrocarbon is produced by heating 
1 pt. camphoric acid at 280° with 12 pts. fuming hydriodic acid saturated at 0° 
(Wreden, Ber. vi. 1379). 

Chhrometaxylene, or Mctaxylyl Chloride, CH^.C®jB‘.CH"C 1 = C®.0H**.H.CH2CLH^ 
(also called Isotolyl Chloride), is obtained by the action of chlorine on metaxylene at 
the boiling heat. It boils at 195°-196°, and has a specific gravity of T079 at 0° 
and T064 at 20° (Gundelach, Compt. rend. Ixxxii. 1444). 

Benzyl-xylene, = C®H^CH2.C«H3(CH=*)2. Two modifications of this 

hydrocarbon, viz. benzyl-isoxylene and benzyl-paraxylene, are obtained by acting upon 
isoxylene and paraxylene with benzyl chloride in presence of zinc. Benzyl-isoxylene 
is a colourless liquid, of faint aromatic odour, boiling at 295°-296°. Benzyl-para- 
xylene is a similar liquid, boiling at 293*6°-294-5°. The former, when oxidised 
with potassium dichromate and sulphuric acid, yields benzoyl-isophthalic acid 
C®H®.OO.C®H^(CO‘H)- (p. 313) (Zincke, Beut, Chem. Ces. Ber. v. 799). ’ 

Paraxylene (1 : 4) can evidently yield but one benzyl-paraxylene, viz. that which 
has the structure 1 ; 2 : 4 or 1 : 3 : 4 ; but isoxylene, 1:3, may yield three benzyl- 
isoxylenes, viz. 1:2:3, 1 : 3 : 4, and 1 : 3 : 5. Which of the three is formed by 
the process above mentioned there appears to be at present no means of determining. 

^ ^ 13 5 

Bromoxylenes. Symmetrical Bromometaxylene, C“H3(CH3)(GH*)Br, is obtained 
b^passiug. nitrous gas into an alcoholic solution of Q-ejiz’s bromoxylidine, C^H^Br.lSH'-* 
,(Vii. 1210), a dibromoxylene (b. p. 252°) being formed at the same time as a secondary 
product. rThe monobromoxylene has a specific gi-avity of 1*362 at 20°, remains fluid 
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at —20°, and boils at 204°. A mixture of this bromoxylene and ethyl bromide heated 
with sodium yields symmetrical ethyl-dimethyl-benzene, C®.C2H^.H.CH3.a.CH^H 
(Wroblewsky, Ber. ix. 495). See p. 751. 

Bromo^araxyleiie, C®.CH^.Br.H.CH®.H^, prepared by dropping bromine into well- 
cooled paraxylene, boiling* the well-washed product with alcoholic potassium sulphide, 
and rectifying, boils at 199'5°-200*5°, and solidifies on cooling in shining laminse 
or tables melting at 10°. By oxidation with chromic acid in glacial acetic acid solu- 
tion it is converted into parabromotoluic acid melting at 203*5°. By nitration 
it yields a liquid which after a while deposits crystals, melting, after pressure and 
recrystallisation from alcohol, at 70°-71° (Jannasch). 

xaritroxylenes. According to A. Eammer {Bidl. Soc. CUm. [2], ix. 434), the 
portion of crude xylene insoluble in sulphuric acid (p-xylene) yields a dinitro- 
xylene, which melts at 92°, and, according to measurements by Bescloizeaux, forms 
monoclinic crystals, whereas the xylene soluble in sulphuric acid (n-xylene) yields the 
other dinitroxylene described by G-linzer a. Fittig (v. 1058), which melts at 123*5°. 
According to Jannasch {Liehig's Annalen, clxxi. 79), paraxylene treated with fuming 
nitric acid in the cold yields both these dinitro-derivatives, which separate at Once as 
a solid product, whereas G-linzer a. Fittig obtained an oil from which the dinitro-eom- 
pounds crystallised out after some time. 

XVXiE2Sri:SUX.PKiLMZDES, CsH8(GHs)2.SO-.NH2 (Jacobsen, Ber. ix. 256; 
X. 1014 ; xi. 17). Two 7?2e^csxylenesulphamides, distinguished as a and /3, are obtained 
from the mother-liquors of the preparation of pseudocumene and mesitylene respectively 
(pp. 1283, 1285) : a-metaxylenesulyhamide [1:3: 4], or 

crystallises from hot alcohol in large shining laminse, from hot water in long pointed 
needles, and melts at 137° ,* ^-metdxylenesul^phamide [1:2: 3], or 
C«.CH^.S02NH2.cmH3, 

crystallises from alcohol in rosettes of needles or in thicker crystals, from water in fiat 
flexible needles, and melts at 95°-96°. 

Paraxylenesul^oJiamide, C®.CH^.SO-hrH-.H.CH^B!-, melts at 148°; orihoxylene- 
sul:phamide, C®. at 144°.^ 

The constitution of the Twczj^xylenesulphamides and the corresponding sulphonic 
acids is established by the following transformations: (1) The potassium salt of 
a-metaxylenemlphonic acid is converted by fusion with potassium cyanide into the 

13 4 

nitril of xylidic acid, C®H®(CN)(CH®)(CN). (2) The same potassium salt heated 
with sodium formate is converted into the corresponding xylidate. (3) The same 
potassium salt fused with potassium hydroxide yields hydroxytoluic acid, melting 
at 151° and convertible into pa,racresol (p. 2024). (4) The sulphonic acid or the 

amide is converted by oxidation into a-hydroxyisophthalic acid, 

[CO^H : CO^H : OH = 1:3:4] 

(p. 1532). (5) The methylio ether of liqtiid xylenol (p. 1541) is oxidised by potassium 
permanganate to methyl-a-hydroxyisophthalic acid. (6) The a.-miide is 
oxidised by chromic acid or permanganate to a sulphaminetoluic acid, 
C®H®(S02]SrH2)(CH3)C00H, 

which melts at 254° (corr.) and crystallises from hot water in long brittle anhydrous 
needles, sparingly soluble in cold water, also in alcohol and ether. By gentle fusion 
with potassium hydroxide it is converted into o-homo-jo-hydroxybenzoic acid, 
[CO-H : CH® : OH = l : 3 : 4]. (7) The sulphamine-toluic add is oxidised by potas- 

sium permanganate to a sulphamine-isophthalic acid, convertible into 
a-hydroxyisophthalic acid. 

The relations between these several products and a-metaxylenesulphonic acid 
may be more clearly shown by the following figures : 


OH“ 

/\ 

CO=H 

f>\ 

com 

A 

CO“H 

A 

CO=H 

>\ 

SO^.OH 

a-m-Xylene 

sulphonic. 

\^CH» 

CO“H 

Xylidic. 

a-Hydroxy- 

toluic. 

L ^'CO=H 1 

OH OH 

a-Hydroxy- o-Homo-p-hydroxy- 
isophthalic. benzoic. 

SO=.HH= 

Sulphamiue- 

toluic. 


^-Xylenesul^hamide (m. p. 95°-96°) is oxidised by chromic acid to a sulpliami ne- 
toluic acid, melting at 202°~205°, and convertible into a hydro xytoluiij acid,'* 
which melts at 156°-160° and is probably identical with Schotten’s ortho-homosali- 

6 Y 2 
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cylicacid(p. 2024). By oxidation witli potassium permanganate, the j8-amide is con- 
verted into a sulphamine-toluic acid, which may be separated from the acid solution 
by agitation with ether, and does not form a sparingly soluble acid potassium salt. 
The corresponding hydroxy isophthalie acid melts between 240® and 243®, and 
produces a cherry-red coloration with ferric chloride. 

A mixture of equal parts of ft- and i8-xylenesulphamide melts at 110®; a mixture 
of 2 parts a- and 1 part i3-sulphamide at 122®-123® (Jacobsen). 

XTIiXlia'ESUlLPKOZa'IC ilCXDS, C^H^SO^H = C®H^(CH^)2(S0=*H) (Jacobsen, 
Ber. xi. 17). When metaxylene is dissolved in fuming sulphuric acid, the only 
products formed are the sulphonic acids whose amides melt at 95®-96® and 137° 
(p. 2147) ; the same result was obtained with a metaxylene prepared from these 
amides. 

a-Metaxylenesulplioiiic acid, [1:3: 4], or best 

prepared by heating the corresponding amide (m. p. 137°) with strong sulphuric acid 
at 145®“! 50®, crystallises in large laminae or flat prisms containing 2 mol. H^O. Its 
harium salt forms small rhombic laminae or radio-crystalline groups of peculiarly- 
shaped lenticular bodies. The sodium salt crystallises from water in small scales, 
from alcohol in silvery laminae. The zine sa% (C®H®SO®)22In + is easily 

soluble and crystallises in stellate groups of needles or long rhombic prisms. The 
copper salt contains 6 mol. water. 

The chloride, C^H^SO^Cl, forms a radio-crystalline mass or prismatic crystals, 
melting at 34®, The sulphmic acid, C®H®.SO"H, formed by reduction of the chloride, 
is also a crystalline mass, melting a little above 60®. 

Potassium a-xylenesulphonate fused with sodium formate is converted into the 
potassium salt of xylic or xylylic acid, C®H'’(CH''’)“.COOK (v. 1062) ; and by 
heating with potassium cyanide into the nitril of the same acid, C®H®(CH®)2CN. 

i3-Metaxylenesulplionlc acid [1:2:3], or prepared 

from the sulphamide melting at 95®-96®, has nob been obtained in the crystalline 
state. Its harium and potassium salts are anhydrous, the former crystallising in 
stellate groups of microscopic needles, the latter in silky scales. The hydrated copper 
salt forms light-blue needles. The chloride is an oily liquid. The dimethylbenzoio 
acid, C®B[®(CH®)2.COOH, formed from this sulphonic acid, crystallises in short needles 
melting at 97°-99°, and when distilled with excess of lime yields metaxylene. 

Bromo-metaxylenesiUphonic Acids. — ^When the barium salt of a-metaxylene- 
sulphonic acid is treated with an equivalent quantity of bromine, harium monohrom-a- 
m-xylenesulphonate is obtained in delicate scales containing 1 mol. water. The 
corresponding sodium salt, C®H“Br(CH^)-SO^Na + H-0, is easily soluble and crystal- 
lises in warty groups of needles. The analogously constituted ammonium salt forms 
silky tufts. The zinc salt [C®H“Br(CH®)-SO^]^Zn + 9H-0, crystallises in long rhombic 
prisms ; the copper salt in easily soluble greenish-white scales, containing 7 mol. 
water. The chloride forms large limpid prisms melting at 6l®, slightly soluble in 
alcohol, insoluble in water. The amide crystallises in thick rhombic prisms, melting 
at 194°, easily soluble in ether, sparingly in cold water. 

When ^K-xylenesulphonic acid in concentrated aqueous solution is treated with 
bromine, sulphuric acid and tribromoxylene are produced; the sodium salt 
treated in like manner yields the brominated acid, together with dibromoxylene. 

Monobromoxylene (b. p. 205®-208®), treated with fuming sulphuric acid, forms 
monobrom-a-!?7i-xylenesulphonic acid, C®H=^Br(CH®y-*SO^H -f- 2H^O, which 
crystallises in colourless laminae or prisms, and yields derivatives identical with those 
above described. This brominated acid dissolves easily in water, sparingly in sul- 
phuric acid. Its constitution is represented by the formula [1 : 3 : 4 : 6], or 
C« CH^H.CH3.S03H.H.Br (R. Weinberg, B&r. xi. 1062). 

Bihromo-m-xylenesulphonic Acid, C®HBr^(CH^)“SO^H. — Jacobsen a. Weinberg 
{Ber. xi. 1534) have obtained this acid by dissolving dibromo-w-xylene in fuming 
sulphuric acid at the temperature of 70®--80®. It forms small anhydrous scales, 
having a silky lustre, slightly soluble in cold water, melting at 166®. Its harium 
salt is anhydrous, slightly soluble in water, and is deposited in indistinctly crystalline 
crusts. The sodmm salt, C®HBr2(GH^)“.S0'*Na + 2H-0, forms nacreous laminae, 
slightly soluble in cold water. The chloride crystallises in colourless rhombic 
laminae melting at 107® ; the amide in felted needles, insoluble in alcohol, melting 
94 220°^ecomposing at 230®. 

The dibrominated acid when treated with sodium-amalgam is converted into 
'^-metaj^lenesulphonic acid melting at 96®, and the amide dissolved in alcohol is 
coBverted by similar treatment, continued for a week, into a monobromo-m- xylene* 
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sulphonic acid, whiclx crystallises in long needles, often grouped in asbestiform masses, 
melting at 161°. 

From these results and those of Weinberg (p. 2148) the following constitutional 
formulae may be deduced for the compounds above described : 


CH^ 

/\sO"H 

CH» 

Br//\sO*H 

1 

Br/\ 

,SO"H 



V 

OH* 


^-Metaxylene- Monobrom-jS-m-xylene- Dibrom-jS-m-xylene 

sulphonic acid. sulpbonic acid. siilplioiiic acid. 


CH* 



a-Meta::^lene- 
sulpbonic acid. 


CH* 

Br/\ 



Monobroin-a-m-:^lene- 
sulpbouic acid. 


Paraxylenesulplioilic Acid, + 2H“0, forms a broadly laminar » 

crystalline mass, or long flat prisms. From the product of the action »f sulphuric 
acid on crude xylene, it crystallises before the ortho- and meta-acids, and may there- 
fore be utilised for the preparation of paraxylene. Its potassium salt crystallises in 
flat silky needles containing 1 mol. water. The soditm salt, O^H^SO'-^Na + H-0, 
crystallises in flat longitudinally striated prisms of considerable size. The ha^'ium 
salt, (C®H®SO®)-Ba, forms either small shining crystalline scales or warty groups of 
thick crystals. 100 pts. water dissolve 2*27 pts. of this salt at 0°, and 5'53 pts. at 
100°. The co'p'^er salt crystallises in large light-blue triciinic prisms with 8H-0 ; 
the 2 ;mc salt in long slender efflorescent needles containing 1 OH^O. The chloride 
crystallises in large flat prisms melting at 24°~26° ; the amide in long needles melt- 
ing at 147°-148°. The corresponding sulphonic acid dissolves readily in ether and 
alcohol, less readily in water, and crystallises in tufts of needles melting at 84°-88° 
(Jacobsen). 

Ortliexyleiiesulplionic Acid, C^.CH^CH^.H.SOsH.H^, is the only sulphonic 
acid formed on dissolving orthoxylene in sulphuric acid. It crystallises, more readily 
than either of its isomerides, in long rectangular tables, or thick fiat prisms with roof- 
shaped summits. Its + which may be prepared by 

triturating the corresponding sulphinate with barium peroxide, crystallises in large 
nacreous laminae, of which 100 pts. water dissolve 5*8 pts. at 0° and 33*6 pts. at 
100°. The sodium salt, C®H®SO^Na + 5H-0, ciT-stallises in flat prisms. The chloride, 
C®H^SO-Cl, separates from ethereal solution in prismatic crystals, melting at 61°-52° ; 
the amide, 0®H°SO“.NH^, also in large prismatic crystals melting at 144°. 

Orthoxylenesidphinic Acid, C®.CH^CH®.H.S02H.H2, prepared by the action of zinc- 
dust on the chloride (see Sulphinic Acids, p. 1851), crystallises in large, thin, silky 
laminae melting at 83° (Jacobsen, Ber. x. 1009). 


xiri:.si«roXiS, C«Hs(CH: 8)20H, and acTXiBia'oi^siri^PHoza'xc acxbs, 

C®H^(CH®)^(OH).SO^H. See Phenol, Homologues of (p. 1540). 

12 4 

XTX.XC or X'Srx.YX.lC ACXB, C«H»(C02H)(CH3)(CH3). This acid 

is most readily prepared by passing carbonyl chloride into metaxylene in presence of 
an excess of aluminium chloride, and occasionally heating the mixture to 100°, 
whereby xylic chloride is formed according to the equation : 

+ COOP =1 HCl + C^IL%Gm)\COCl, 


and decomposing this chloride with water (Ador a. Pilliet, Ber, xii. 1968). Its po- 
tassium salt is formed by heating potassium w-xylenesulphonate, [1:3:4] (p. 2148), 
with sodium formate (Picard, Ber. xi. 2120). 

The acid prepared as above crystallises in large monoclinie prisms, melts at 126°, 
and boils at 267° (Ador a. Pillxet. Comp. v. 1062). 

Ammonium Xylate is very soluble in water, and may be obtained from the aqueous 
solution by spontaneous evaporation in small prismatoidal crystals, but decomposes 
when dried over the water-bath. The barium salt, (C®H®0“)“Ba, crystallises frQjji a 
very strong solution iri hard laminse, and begins to decompose at 160°, The calcium 
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salt crystallises in transparent monoelinic prisms, which dissolve very slowly in 
water. The silver salt is but very slightly soluble in water even at the boiling heat, 
somewhat more soluble in boiling absolute alcohol, from which (and from hot water) 
it separates on cooling in tufts of microscopic needles. 

Xylic Chloride, C“H®(CH^)”.COCl, prepared as above described, or by treating the 
acid with phosphorus pentachloride, is a colourless liquid, which boils at 235°, and 
crystallises on cooling in needles melting at 25°. 

Xylamide, C“H^(CH®)“.CONH^, prepared by treating the chloride with ammonium 
carbonate, is almost insoluble in cold water, and separates from the hot solution in 
needles (m. p. 181°), which are very soluble in alcohol. After sublimation it melts 
at 179° This amide is a very stable body, not being decomposed by soda even on 
boiling ; it is, however, readily acted on by hydrochloric acid, with reproduction of 
xylic acid. It dissolves in acids, forming somewhat unstable salts. The anilide, 
obtained by adding the chloride gradually to aniline, consists of crystals (m. p. 138), 
which are but sparingly soluble even in hot water, more easily in alcohol. On 
boiling with hydrochloric acid, it is partially decomposed (Ador a. Eilliet). 

Xyloniiril, C®H'®(GH3)2CN, obtained by heating potassium xylate with potassium 
cyanide, melts at 125°-126° (Jacobsen, Ber, xi. 17). 

An acid having the composition of xylic acid is formed (according to Picard, Ber. xi. 
2120), together with other products, by heating the barium salt of cantharic acid, an 
isomeride of cantharidin (p. 276), formed by digesting that substance with hydriodic 
acid at 100° in a sealed tube. The acid thus produced melts at 140°, and is there- 
fore different both fcom xylic and from paraxylic acid, the former of which melts at 
126°, the latter at 163° (vi. 1130). 


Appendix to Xylic Acid. 


1 3 6 

Ittesltylenic Acid, C«H3(002H)(CH3)(CH«). The bromo-, nitro-, and 
amido-derivatives of this acid— the symmetrical modification of the acid — 

have been examined by H. J. Schmitz {Liebig's Annalen, cxciii. 160 ; B&r. xi. 1828). 

Sromomesitylenic Acids, C°H‘'^Br(CH3)2C02H. Two of these, a and are 
formed by direct bromination of mesitylenic acid, and are separated by the different 
solubilities of their barium salts. 

The a-acid is formed, together with a smaller quantity of the )8-acid, by digesting 
mesitylenic acid with 1 mol. bromine for 36 hours at ordinary temperature ; also from 
the corresponding amido-acid, by converting this compound into the diazoperbromide, 
and gently heating the latter with absolute alcohol. It dissolves with great difficulty 
in cold, but readily in hot water, and crystallises therefrom by slow cooling in slender 
needles an inch long. It dissolves easily in alcohol, especially when hot, and separates 
therefrom in large ^colour! ess orthorhombic crystals. a\b : c = 0*9274 : 1 : 0*4695. 
Observed faces, coP2, oo Pco , oo ]^oo , P. Angle oo Pco : P = 65° 21' oo f « ] 
P = 67° IV. It melts at 146°>-147°, resolidifies at 131°, and if again heated 
melts at 137°-138°. The a^harium salt, (C»H8Br02)2Ba + 4H20, forms large 
colourless monoclinic crystals, moderately soluble both in hot and in cold watw. 
a :b :c = 3*0683 : 1 : 0*8040; ^ = 63° 24'. The calcium salt, {C^BL^BTO'^VCei + 2lELO, 
separates from hot aqueous solution in very small slender needles, easily soluble in 
water. 


^-B T omomesitylenic Add, identical with that which Pittig and Storer obtained 
by oxidation ofbrqmomesitylene {Liebig's Annalen, cxlvii. 1), is easily prepared from the 
corresponding amido-acid by the diazo-perbromido reaction. It is nearly insoluble in 
cold, very slightly soluble in hot water, from which it separates in compact monoclinic 
crystals; a:b: 1*1932 : 1 : 0*7599; i8-70° 35'. Observed forms, OP, o=P Poo 

wP co. Angle, CO P: ooP = 96° 53' ; OP : oo P = 77° 34' ; Pod ; OP = 35° 41'. Clkvage 
parallel to P oo . The acid melts at 212°-214°. The H-barium salt, (C^’H'^BrO^j^Ba, 
crystallises from hot water in colourless, slender, anhydrous needles. 

Witromesitylenic Acids, C9H3(K02)02. The action of nitric acid on mesity- 
lenic acid gives rise to two nitro-derivatives, one of which gives a sparingly soluble 
barmin salt crystaUising in tables, the other an easily soluble barium salt crystallising 
in needles. ° 


a^mtro mesitylenic Add, C«H2(N02)(CH3)2.000H, is the acid obtained from 
the easily soluble barium salt, and is produced in larger quantity than the jS-aeid It 
crystallises from water in splendid needles, melting at 210°-21 2°, very difficultly soiuble 
alcohol or ether it separates in large triclinic prisms. The 
a-barium siut, (C®H®NO^)2Ba + 4H^O, crystallises in tufts of slender needles, which ar^ 
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easily soluble in cold water, and dissolve in hot water in almost all proportions. The 

a-oalcium salt is soluble in water in all proportions, and crystallises in long needles. 

The a-wagnesiuon salt is also soluble in water in all proportions, and separates on 

evaporation in crystalline crusts. Ethyl a~Qiitromesitylenate, 

crystallises in large tables, melting at 65°, insoluble in water, but easily soluble in 

alcohol. 

Nitromesityl enic Aoid^ C®Bl 2(N02XCS^)^C02H, is obtained from the diffi- 
cultly soluble barium salt above referred to. It is insoluble in cold, and only very 
slightly soluble in hot water ; easily soluble in hot alcohol, and separates on cooling 
in very large compact monoelinie crystals. This acid exhibits very characteristic pro- 
perties on melting. When precipitated from the barium salt it melts at 175°, but 
when crystallised from alcohol it melts at 214:°-220°, and on cooling solidifies only at 
162°,^ after which it fuses at 168° on re-heating. If a trace of alcohol be added to 
this fused acid, even when heated over 200°, it solidifies immediately, and begins 
to melt again only at 214°. The ^~ba7^u7n salt, (C®H®N0^)2Ba + 4H^0, crystallises 
in monoelinie tables, sparingly soluble in cold, more readily in hot water. The 
^-calcium salt, (C^H^N0'*)^Ca + 6H20, is sparingly soluble in hot water, and crystal- 
lises in long prismatic needles belonging to the monoelinie system. 

Ethyl p-nitromesiiylenate, C®HXN02)02 C^H®, ciystallises in long needles or thick 
prisms melting at 72°, insoluble in water, easily soluble in alcohol. 

ilLmidomesityle&ic .acids, The a-acid, prepared from the 

a-nitro-acid by reduction with tin and hydrochloric acid, crystallises from alcohol in 
long colourless needles melting at 186°-187°. The ^-aeid, previously described by 
Fittig a. Bruckner (vi. 823), melts at 235°. 

12 4 

XVliXBIC ACID, C9H804==C«HXC02H)(CH»)(C0-H). This bibasic acid is 
formed by oxidation of pseudocumene, [1:2:4] (p. 1284), with dilute 

nitric acid or a warm solution of potassium permanganate, or by the action of 
nitric acid on xylic or paraxylic acid (vi. 1130) : hence it has the constitution above 


indicated (Jacobsen, Ber. x. 855). 



CO“H 

CO“H 

CO=H 


/\cH» 

/\ 

\/ 

CH* 


\^CH= 

Xylic. 

XyHdic. 

Paraxylic. 


By the further action of potassium permanganate it is converted into trimellitic 
aci d, C®H®(CO-H)®, which has therefore also the constitution 1 : 2 : 4 (G. Erinos, Ber. 
X. 1491). 

Zinc XylidaU exhibits, more strikingly than any other known salt, the property 
of dissolving more abundantly in cold than in hot water, 100 pts. water at 0° dis- 
solving nearly 30 pts. of it, at 100° only 0*735, and at 130° almost exactly 0*5 pt. 
The salt which separates at -i- 4° from a solution saturated at — 4° is anhydrous. At 
a little below —5° the entire liquid solidifies (Jacobsen, Ber.s.. 859). 

XirXiXBmES, or AMXBOXYX.EN-ES, = C®HXCH3)2.NH2 A. W. 

Hofmann QBer. ix. 1292) has isolated, from the crude oils of high boiling point 
(200°-240°) obtained in the manufacture of aniline, a xylidine which forms sparingly 
soluble salts with nitric and hydrochloric acids. This he calls provisionally 
a-xylidine, to distinguish it from an isomeride occurring together with it (^S-xylidine), 
which forms a sparingly soluble nitrate, but an easily soluble hydrochloride. The 
two isomerides were separated by repeatedly crystallising from bot water the mixture 
of acetyl-compounds obtained by boiling them with glacial acetic acid ; the a-compoimd, 
being the less soluble, was thus obtained pure. 

a-Acetoxylidids forms large flat white needles, which melt at 127°-128°‘ and 
dissolve easily in alcohol. When boiled with strong hydrochloric acid, it is con- 
verted into xylidine hydrochloride. The base separated from this salt is an oil, 
colourless at first, but rapidly turning dark: its boiling point is 212°, and its sp. gr. 
0*9184 at 25°. The ^latinochloride has the formula [C®H®(CH'*)-H01]2PtCF. 

A xylidine having the same properties as the foregoing is obtained by the action 
of methyl alcohol on toluidine hydrochloride at 300°. 

The following derivatives of a-xylidine have been prepared : ^ 

Bixylylthiocarhamide, CS[lS[H.O®HXCH;®)-y, was obtained by digesting xylidiue 
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with carbon bisulphide till hydrogen sulphide ceased to be eyolved. It is insoluble 
in water, and but sparingly soluble in boiling alcohol, from which it is deposited in 
dazzling-white hard crystals melting at 1.52°~153°. 

Xylyl thiocyanate is formed by distilling the preceding compound with phosphoric 
anhydride. It is solid at ordinary temperatures, but melts very easily. 

Biss-ylylguamdine^ is readily formed by the action of lead 

oxide on xylyltliiocarbamide in presence of alcoholic ammonia. It crystallises from 
hot alcohol in delicate white needles, which melt at 156° -158'^, apparently undergoing 
decomposition. It is insoluble in water. 

Niimcetoxylidide, C'^H“(CH®)-(NO-)NH(G2H^O), formed by the action of strong 
nitric acid on acetoxylidide, crystallises from hot water or alcohol in yellow needles 
melting at 172°~173°. 

Nitroxylidine, is formed by boiling the last compound with 

strong hydrochloric acid till the liquid acquires a deep-red colour. It crystallises 
from hot water in fine orange-red needles melting at 69°, and dissolving sparingly in 
water, more freely in alcohol. It is but very slowly attacked by boiling soda-ley. 

Xylene-diamine {JDiamidoxylene), C®H2(CB[8)2(NH2)2, is formed by the action of 
tin and hydrochloric acid on nitroxylidine. It forms glittering laminae or delicate 
white needles, which melt at 74°-75°. It is a faintly alkaline base, and forms 
crystallisable salts. 

Wroblewsky x. 1248) has obtained from nitraeetoxylide melting at 180° 
(probably identical with that above mentioned), by decomposition with strong sul- 
phuric acid, a nitroxylidine melting at 76° ; from this a nitroxylene crystallising from 
alcohol in large flat needles, melting at 67°, boiling at 250°, and yielding by reduction 
a new xylidine, which remains liquid at 20°, has a sp. gr. of 0*9935, and boils at 
220°-221° (thermometer in the vapour). The hydrochloride of this xylidine 
crystallises in long colourless shining needles, the nitrate in long white needles 
having a nacreous lustre. The suljphate has the composition (C‘‘HMSfH2)2H-SO^ 
The acetyl derivative, O^H^NH(C-H^O), crystallises in needles melting at 144°, 

Metaxylidines (a and p>) are formed by distilling a- and jS-mesitylenic acid 
(p. 2150) with quick-lime. The a-metaxylidine thus obtained is a colourless oil 
boiling at 212° (uncorr.) Its hydrochloride, C®H“(NH0,HC1, is slightly soluble in 
cold, more freely in hot water, and separates therefrom generally in large prismatic 
crystals (I.), but sometimes in tabular crystals (II.) According to measurements by 
Arzruni, the crystals I. belong to the monoclinic system. a:h \ c = 0*9178 : 1 : 0*2873; 
^-85° 46'. Observed faces, ooP, OP, oogoo. Angle, ooP : oogco =47° 32'; OP 
coPco =74° 1'; OP : ooP = 76° 2'. The crystals are prisma tically elongated in the 
direction of the axis c. The crystals II. are also mohoclinic. a \ b : = 0*9807 : 1 : 
0*9531; /3 = 83° 37*5'. Observed faces, OP, ooP, geo . Anglo, coP : oop = 88° 31'* 
OP: ooP=85° 26*5'; OP: goo =43° 27'”. Tabular in the direction of c. The 
nitrate, C®H^(NH”),NHO®, forms prismatic crystals joined together so as to form 
large rhombic .tables ; it is sparingly soluble in cold, more freely in hot water. 
Aeet-a-metaxylidide, C“II®.NH(C^H^O), crystallises from alcohol in flat colourless 
needles melting at 127°. 

^-Metaxylidine is a colourless oil boiling constantly at 216° (mercury-column 
wholly in the vapour). The hydrochloride, C*^H‘’(NH2),H01, is readily soluble in 
water, and crystallises from hot water on cooling in large thin tables; by slow 
evaporation in colourless crystals, which, according to Arzruni, belong to the mono- 
clinic system. a\h\ c = 0*5579 : 1 : 0*6175 ; )S = 78° 23'. Observed faces, OP 
(predominant), Poo, odP, od^oo. Angle, ooP : a>P = 57° 16'; ooP : 0P = 79° 39'; 
oopoo : Poo =58° 50'. The plane of the optic axes coincides with the plane of 
symmetry ; an axis is visible at the edge through OP (Schmitz, UeUds Annalen, 
cxciii. 160). 

cs-Metaxylidine is, according to Schmitz, identical with Hofmann's a-xylidine, 
also with the xylidine which Wroblewsky obtained from metaxylene. This base, 
according to Wroblewsky, is converted, by substitution of methyl for the amido- 
group, into pseudocumene. Consequently a-metaxylidine must be represented by 
the formula CH« : CH» ; HH2=1 : 3 : 4 or C^.CH^.H.CmNH^.H^, and i8-metaxy- 
lidine by CW : : CH3= 1 : 2 : 3 or C«.CH».NH2.CH^H3. Corresponding for- 

mulse likewise hold good for aU the a- and ;3-derivatives of mesitylenic acid above 
described (pp. 2150, 2151). 

Paraxylidine, obtained by nitration of yj-xylene and reduction of the nitro- 
coifipoundTOth iron-filings and acetic acid, is an oily liquid which becomes yellow 
aft*er a whUe, is moderately soluble in hot water, and boils at 220°-221°. Its salts 
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crystallise ■well from acid solutions, but their neutral solutions decompose on 
boiling. 

Paraxylidine Sulyhate, crystallises in colourless plates. The 

hydrochloride, O^ff’NjHCl + H^O, forms large glistening plates, having a faint pink 
colour. It is more soluble than the sulphate. At 125°-130° its water of crystallisa- 
tion is expelled, and the anhydrous salt sublimes. The nitrate, C^H“N,HNO®, forms 
pink needle-shaped crystals. The oxalate forms thick prisms having a pink colour. 
On heating to 125°-130®, it splits up into ■water and oxalparaxylidide, 
[C‘*H^(OH^)^NH]^C^O^ This body is soluble in alcohol and in ether, and sublimes 
■without melting at 125°, forming slender silky-'white needles. 

Acetoyaraxylidide (m. p. 138°-139°) separates out as a crystalline mass on boil- 
ing paraxylidine in glacial acetic acid. It is converted into nitracetoyaraxylidide, 
[C®(CH*)^NO^.NH.O-H^O, by the action of fuming nitric acid. This nitro-compound 
is a yellow crystalline powder melting at 192° (W. Schaumann, Ber. xi 1537). 

A chloroxylidine of undetermined constitution is obtained, together "with an 
oily xylidine, by reducing mononitroxylene with tin and hydrochloric acid. It is a 
solid body which dissolves with extraordinary facility in ether, alcohol, and benzene, 
is nearly insoluble in cold water, but dissolves in hot water, and crystallises there- 
from in shining laminae melting at 92°-93°. It volatilises readily with aqueous 
vapour. 

Chloroxylidine forms salts which crystallise well, but are stable only in strongly 
acid solutions. The hydrochloride crystallises with 2 mol. water, is fusible, sublimes 
■without decomposition, and crystallises in crossed needles an inch long. The sulphate 
is but sparingly soluble in water, the oxalate still less soluble. The acetate and 
nitrate form tabular crystals (J annasch, Liebig^ s Annalen, clxxvi. 55). 

Xylidines with Chloral. — A compound having the formula 
0CP.CH[NH.C®H®(CH^)2p, analogous to those ■which chloral forms ■with other amines 
(vii. 311), is obtained by the action of chloral on xylidine. It forms slender needles, 
easily soluble in ether, less soluble in alcohol, and melting at 95°-99°. This melting 
point, which is low in comparison with those of the corresponding aniline and 
tol uidine-compounds, seems to show that the xylidine employed, which was prepared 
by separation as nitrate from aniline-tailings, was a mixture of several isomeric 
compounds (Wallach, Liebig's Annalen, clxxiii. 274). 

aLirXiO<^tJX2!^OiarE, formed by the oxidation of xylylene-diamine or of 

xylidine, melts at 125°, and sublimes even at ordinary temperatures in golden-yellow 
needles. It bears a strong resemblance to its lower homologues, and is perhaps iden- 
tical -with the metaphlorone of Rommier a. Bouilhon (iv. 496). 

Xylopdnol, C®H^‘’0- = C®H2(CH^)^(0H)2, is prepared by treating the quinone 
with warm aqueous sulphurous acid, and separates from a hot aqueous solution in 
silvery plates melting at 212°. It is converted by oxidation into the quinone, and by 
the action of hydrochloric acid into monochlorxyloquinol (Nietzki, Ber. xiii. 473). 

XlTZilTE XETOXTE, = C®H®.CO.C®H®, is prepared by passing carbonyl 

chloride into xylene cooled to —15°, and gradually adding aluminium chloride. It 
remains liquid at — 60° and boils at 340°. By saponification with potash it yields 
dimethyl-benzoic acid, convertible by oxidation into methylbenzene-dicarboxylic and 
benzene-tricarboxylic acids. By prolonged boiling it is resolved into water and the 
hydrocarbon, (Ador a. Eilliet, Ber. xi. 399). 


Y 

ITAM. Bioscorea edulis. The tubers of this plant yield a milky juice containing 
a small quantity of fat, a resin having a slight and not bitter taste, and caoutchouc. 
In the north of Italy they are used for making brandy, and as food for men and 
cattle. 

The tubers, somewhat shrivelled from loss of water, gave on analysis : 

Dried 

11'419 


Moist 

Water 60*722 

Ash, free from 0, CO% and SiO® , . . 0*895 

Protein compounds . , . . . 4*485 
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Extract 'witli ether 

„ alcohol and an alcoholic solu-^ 
tion of carbon bisulphide . . . .3 

Cane sugar 

Levulose 

Starch 

Pectin and other non-nitrogenons extractive } 

matters { 

Pibre 

Sand 


Moist 

0-3481 

Dried 

0-265 J 

1*561 

4-790 

12-195 

0-180 

0-458 

25-185 

64-121 

2-033 

5-176 

1-094 

2-785 

0-033 

0-007 


The pure ash gave : 


K“0 

47’49 


Na«0 

10*64 


OaO 

13-35 


MgO 

3*43 


Fe=0» 

0*70 


P=0* SO® SiO“ Cl 
9-99 3-o5 0-85 12-46 = 102-46 

Deducting 0 equiv. to 01 2-81 


99-64 

(J. Moser, Landw. Versuchs-Stationen^ xx. 113). 

YBW. Taaiibs haccata. The green needles of this tree contain an alkaloid and 
other substances which have been examined by Amato a. Capparelli eUm. 

ital. 1880, 340). The needles were exhausted successively with ether, alcohol, water, 
and dilute sulphuric acid. The extract left on evaporation of the ethereal solution 
was mixed with dilute sulphuric acid (1 : 20), and distilled in a current of steam, 
when an essential oil passed over, having an odour like that of wild fennel. The hot 
acid solution separated from the insoluble residue, deposited an amorphous powder on 
standing, and the filtrate from this, when treated with excess of bai-yta and agitated 
with ether, yielded the alkaloid. A colourless non-nitrogcnous crystalline substance 
was extracted from the insoluble residue above mentioned by treating it with alcohol 
and small quantities of animal charcoal. 

The alkaloid is a colourless, ci-ystalline, nitrogenous substance, having a musty 
odour, sparingly soluble in water, easily in alcohol or ether. Denso w&te fumes 
are produced when a rod dipped in dilute hydrochloric acid is held near it. It gives a 
• canary-yellow precipitate with phospho-molybdic acid, and with tannin a white pre- 
cipitate which becomes crystalline on standing. Picric acid gives a yellow precipitate, 
and iodised potassium iodide reddish-brown crystals. 

The non-nitrogenous crystalline substance forms stellate groups of needles, melting 
at 86°~87°, easily soluble in boiling alcohol, but only sparingly soluble in cold 
alcohol. 

The solution obtained by treating the yew-noedles with alcohol after they had 
been exhausted with ether was found to contain the same substances as the ethereal 
solution. Prom the aqueous and acid extracts, oxalic acid and small quantities of the 
alkaloid were obtained. 

YTTRIUM, Atomic weight, 89-55 (yttria = Y^O^). See p. 736. 

The probable existence of yttrium in the sun’s atmosphere has been pointed out 
by 0: A. Young {Sill. Am. J. [3], iv. 356), and by Lockyer {'ProG. Hog. Soc. xxvii. 
279). 

An elaborate investigation of the spectra of yttrium, erbium, didymium, and 
lanthanum has been published by B. Thal4n {Bull, Soc. Chim. [2], xxii. 350). one of 
the most important results of which is to show that the lines hitherto regarded as 
common to the spectra of those metals owe their existence to impurities. 

On Yttrium Salts, see Erbium (p. 736). On the Ferrocyanide, see Cyanides 
(p. 612). The chloroplatinafe has the composition 2Y-CP,5PtCP -1- SlH^O ; the chloro- 
stamiate, Y^CP,2SnCr^+ 16H-0 (Cleve, Bidh Soc. Chim. [2], xxxi. 195), 


Metals allied to Yttrium. 

BrMum. At. w.^ 170*55. This element occurs as phosphate, together with 
didymium, in the Cornish mineral called Bhohdophanc (p. 1756), Its probable exis- 
tence in the sun has been pointed out by Lockyer. On the spectrum of Erbium 
Nitrate and of Erbia, see Leeoq de Boisbaudran {Compt. rend. Ixxxviii. 1167 ; Ixxxix, 
516 r Ohem. Soc. J. xxxvi. 862 ; xxxviii. 6). 

Prom recent researches by Cleve it appears that the earth commonly called erbia 
i&A misAiJjre of three earths, viz‘. the true ferbia, and two others' which he designates 
^8 holmiee and thulia (p. 2159). “ 
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Terbium. Tr. At. w. 98 or 147 (Delafontaine); 99 or 148*5 (Marignae), 
cording as the oxide is regarded as TrO or as Tr^O®. 

Tlie separate existence of this metal, originally pointed out by Mosander, but 
called in question by Eunsen a. Bahr (v. 1064), and more recently by Cleve a. Hoeg- 
lund), has been established by the experiments of Delafontaine (Ann. Ch. Phys. [5], 
xiv. 238), and of Marignae (ibid. 247). Marignae prepares terbia from those portions 
of the mixed oxides obtained from gadolinite by Bahr a. Bunsen’s process, which 
contain only traces of erbia. The oxides are dissolved in nitric acid, and subjected to 
a series of fractional precipitations with oxalic acid, the first portions of precipitate 
being the richest in terbia. By this treatment the whole of the yttria is separated, 
and the terbia is obtained mixed only with didymiuni oxide and erbia. The didymium 
is separated in the usual way by means of potassium sulphate ; but for the separation 
of terbia from erbia no method has yet been discovered. According to Delafontaine, 
terbia is most advantageously prepared from samarskite, which contains but small 
quantities of yttria and erbia The mixture of oxides obtained from this mineral is 
dissolved in nitric acid ; the solution is treated with potassium sulphate to precipitate 
the cerium metals ; and the syrupy solution of the remaining nitrates is mixed with a 
saturated solution of sodium sulphate, crystals of the same salt being added till no 
more is dissolved. A crystalline sulphate is thus obtained which, when treated with 
ammonium oxalate, yields an insoluble oxalate, leaving on ignition a dark yellow 
oxide, whereas the oxide obtained in like manner from the more soluble sulphate is 
of a much lighter yellow colour. The dark yellow oxide containing the greater part 
of the terbium is dissolved in a large excess of strong nitric acid, and, a hot concen- 
trated solution of oxalic acid is dropped into the liquid till a permanent precipitate 
is formed. After 24 hours the liquid is decanted, and subjected to fractional precipi- 
tation with oxalic acid, and this treatment is repeated a third, fourth, and fifth time. 
The united precipitates are then calcined and redissolved, in nitric acid, and this 
solution is likewise subjected to a series of fractional precipitations with oxalic acid. 

When the earths thus purified are dissolved by small quantities in dilute formic 
acid, and the clear solution is heated and slightly concentrated, a white pulverulent 
non-crystalline precipitate is obtained, yielding on ignition a base of deep orange- 
yellow colour, while the solution from which it has separated yields another base of 
somewhat lighter yellow colour ; and on repeatedly dissolving the first of these bases in 
formic acid, and precipitating it therefrom by concentration till the percentage of base 
in the salt amounts to 60, a pjroduet is obtained consisting of pure terbia. 

Terbia, after ignition at a moderate heat, has a deep orange-yellow colour, but 
becomes quite colourless when heated in a stream of hydrogen, or after very strong 
ignition. It dissolves slowly but completely in the most dilute acids ; in hydrochloric 
acid with evolution of chlorine. Its solutions are colourless, and seem to possess no 
absorption-spectrum. The snlpAaife, Tr'(SO’‘)^-f' 8H-0, forms colourless crystals, iso- 
morphous with the sulphates of yttrium, erbium, and didymium (Marignae). 

Terbium Formate separates from solution on the sides of the vessels as a non- 
crystalline, closely-adhering crust ; it burns without tumefaction when ignited, dis- 
solves in about 30 parts of cold water, and appears to he not more soluble in hot 
water. The acetate crystallises in small coloured transparent prisms, less soluble than 
didymium acetate. It cannot he completely dried without decomposition, carbonises 
at a temperature below redness, and burns away slowly like starch (Delafontaine). 

The sparing solubility of terbium formate, the colour of the oxide, and its property 
of forming an insoluble double salt with sodium sulphate, might lead to the conclusion 
that the supposed earth is nothing but a mixture of the oxides of lanthanum and 
didymium. But the formation of an oxalate in presence of an excess of strong nitric 
acid excludes the possibility of the presence of lanthanum, and the spectroscopic cha- 
racter of the base in question is altogether different from that of didymium. Lastly, 
the atomic weight of the metal, and the colourless character and solubility of the 
formate, acetate, and sulphate of terbium, preclude the possibility of the identity of 
terbia and erbia. 

Pliillppium. At. w. between 90 and 95 for PpO, or 135 and 142*5 for Pp^O®. 
The oxide of this metal has likewise been obtained from samarskite, but not quite 
pure, as portions of yttria and erbia adhere to it obstinately. 

. Philippi um formate crystallises easily, either on cooling or by spontaneous evapo- 
ration, in small shining rhomboidal prisms, less soluble than yttrium formate, which 
is deposited in nodular groups from a syrupy solution ; terbium formate is anhydrous 
and soluble in 30-35 parts of water. Sodio-terbic 'sulphate is scarcely soluble in 
water ; the corresponding philippiiim-compound is easily soluble. Pbilippium oxalate 
is more-soluble in nitric acid than terbium oxalate, but less soluble than tll^yttr?^ 
salt. Pbilippium nitrate becomes dark yellow when fused; yttrium and^terbiuia 
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nitrates remain colourless. Philippium salts are colourless when pure; the oxide is 
decolorised hy heating in a current of hydrogen, or simply by a strong heat, becoming 
yellow again on cooling in the air. Concentrated solutions of philippium salts give 
in the indigo-blue (A 450 nearly) a broad and very dark absorption-band, with its 
edges, more especially the right, very well defined ; this band is not seen in yttrium, 
erbium, or terbium solutions. In the green there are two lines, one belonging to 
erbium, the other and less refrangible probably to philippium ; finally „in the red there 
is at least one narrow band (Delafontame, rend. Ixxxvii. 559). 

Phillipium appears also to occur in Sipylite (p. 1802), inasmuch as W. Cr. Brown 
{Chem. News, xxxviii. 269), in analysing that mineral, after separating the cerium 
metals from those of the yttrium* group, obtained with the solution of the latter an 
absorption spectrum, which exhibited bands agreeing very nearly with those observed 
by Lelafontaine as characteristic of philippium. 

Decipium. At. w. 106 for BpO, 159 for Dp“0*. This metal, also discovered by 
Delafontaine {Comjpt. rend. Ixxxvii. 632) in the samarskitepf North Carolina, is inter- 
mediate in character between the metals of the cerium and yttrium groups. The oxide 
has not yet been sufiSlciently separated from that of didymium to exhibit its true 
colour. Its salts are colourless ; the acetate crystallises easily, is less soluble than 
the didymium salt, but more so than the terbium salt ; decipio-potassium sulphate is 
but slightly soluble in a saturated solution of potassium sulphate, but easily soluble 
in pure water. 

Beeipium nitrate gives^in direct solar light an absorption-spectrum containing at 
least three bands in the blue and indigo. The most refrangible band is a little nar- 
rower than that of philippium or the band m of didymium ; it is tolerably dark ; its 
middle corresponds nearly with the wave-length 416, and is approximately in the 
middle of the space between Fraunhofer’s lines G and H, but a little nearer to G. 
Neither didymium nor terbium gives bands in this part of the spectrum ; the band 
characteristic of terbium is more to the right, and nearly out of the spectrum given by 
ordinary light. Under . exceptional circumstances two well-defined bands, probably 
H and Hj, have been observed in the violet space beyond this band. 

The second decipium band is narrower, darker, and less well-defined ; it is 
situated in the less refrangible blue, and its middle corresponds with the wave-length 
478 ; it is nearly in the same place as one of the didymium bands, but is much darker. 
Finally, more to the left, and nearer the limit of blue and green, there is an ill-defined 
minimum of transmission, which is possibly composed of two faint bands. 

Samarium. Lecoq dc Boisbaudran {Oompt. rend. Ixxxviii. 322 ; Ixxxix. 212), 
in a spectroscopic examination of the nnpurifie.d earths from samarskite, observed an 
emission and an absorption spectrum, which showed lines and absorption-bands not 
belonging to any previously known element. The new element samarium, to which 
these lines belong, may be separated by repeated fractional precipitation from didy- 
mium and decipium. It is characterised by two blue bands, A. = 480 and 463*5, and 
probably by two others, 417 and 400*75. 

Two other earths, distinguished d^syttria a and have been obtained by Marignac 
(Aim. Chim. Phys. [5], xx. 535) from the mixture of those samarskite earths which, 
like erbia, ytterbia, &c., form nitrates not readily decomposed by heat. By taking 
advantage of the different solubilities of their double potassium sulphates in a saturated 
solution of- potassium sulphate, these earths were separated into the four following 
groups : 

I. Double Sulphates, soluble in less than 100 times their volume of K^SO* solution. 
Molecular weight of oxide not less than 119 for MO or 357 for M^O®. Yttria and 
ierbia, with traces of the oxides of decipium and didymium, and probably traces of the 
oxide of Ya found in Group II. The terbia, even after strong ignition, had a faint 
chamois tint, which disappeared on heating in a current of hydrogen, and reappeared 
when the oxide was again heated in the presence of air. These changes of colour 
were accompanied by very slight variations in weight. 

II. Double Sulphates, soluble in 100-200 vols. of K^SO'^ solution. — This portion 
consisted mainly of the oxide of the metal provisionally distinguished as Ya. Molecular 
weight of oxide (YaW) about 361*5, being a maximum among those earths which 
most nearly approach it in their behaviour with potassium sulphate solution. This 
metal forms colourless salts. It is distinguished from all the metals of this class, 
except yttrium and ytterbium, by the very faint orange-yellow colour of its oxide, 
and by the fact that its salts show no absorption spectrum ; from yttrium by the 
sparin^olubility of its formate, and of its double potassium sulphate ; from ytter- 
bium by^he much greater stability of its nitrate, and by-the ease with which the 
ignited oxide dissolves in dilute acids. 
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III. Dovhle SulphMeSs very slightly soluble in IC^SO^ solution. Mol. weight falls from 
357 to 345 as the solubility decreases . — ^This group contains the oxide of Ta, a small 
quantity off^he oxide of didymium which cannot he completely separated, and the oxide 
of a metal which forms a nitrate readily decomposed by heat, but is included in this 
group because its double potassium sulphate is very sparingly soluble in 
solution. The mol. w. of the oxide of is probably somewhat lower than 346*8. 
Its sulphate forms small, short crystals similar to those of the sulphates of yttrium 
and didymium, but of a sulphur-yellow colour ; they have the composition 
y;82(SO03 + 8H-O. 

Solutions of the salts of this base give a well-defined absorption spectrum which 
closely resembles that ascribed by Delafontaine to deeipium, or, still more closely, 
that described by Boisbaudran as peculiar to samarium. Since these three bodies were 
obtained from samarskite by the same methods, it is probable that they are essentially 
one and the same substance. The moL w. of the oxide of deeipium is, however, 
according to Belafontaine, 390, whilst that of the oxide of is below 346*8. Further, 
the salts of deeipium are colourless, those of Yj8 have a yellow colour, the intensity of 
which increases the further the purification is carried. Probably either the substance 
obtained by Delafontaine was mixed with a considerable proportion of some other base 
having a high molecular weight, or that obtained by Marignac contained a base form- 
ing yellow salts, and having a much lower molecular weight. Further investigations 
are necessary to decide this point. 

IV. Double Sulphates, insoluble in solution. — This group contained only 

didymium, which, however, could not be completely purified from traces of other 
metals. 

The number of earths obtained from the samarskite of North Carolina now 
amounts to ten, viz. : — 



Colour 

Mol. weight 

1 

Characteristic 

absorption-hand 

Yttria . 

White 

Y20®«227T 

None 

Erbia .... 

Rose 

Er®0®*389T 

X = 520-522 

Terbia .... 

Orange 

Tr®0®=-342 

A s= about 400 

Philippia 

Y-ellow 

Pp20® = 318 

X = about 449 

Decipia .... 

White (?) 

Dp20® = 366 

X= about 416 

Thoria .... 

White 

ThO®-263 

None 

Didymia 

Brownish 

Di20®==338 

X = 372-377 

Samaria 

— ! 

— 

A = 463 5 and 480 

Ya . . . . 

Faint orange- ) 
yellow { 

YaW = 361*5 

No abs. spectrum 



( Abs. sp. like 

Yfi ... . 


yj3®0® = 346 

\ those of decipia 

1 and samaria 


J. L. Smith has obtained from the Samarskite of North Carolina an earth which 
he regards as peculiar, and designates as Mosandria. According to Marignac and ■ 
Delafontaine^ however, it is identical with terbia {Compt. rend. Ixxxvii. 146, 281, 
600 ; Qhem. Soe. J. xxxvi. 12, 13, 117). 

Ytterbium. At. w. 115 for YbO, 172*5 for Yb^O®. Marignac, in the course 
of his investigations on the gadolinite earths already noticed (p. 2155), obtained a 
small quantity of erbia, which subsequent experiments {Gompt. rend. Ixxxvii. 578) 
showed to be a mixture of two distinct oxides, viz. the true erbia and a new earth, 
which he calls ytterhia. This earth is colourless, and forms colourless salts ; the 
nitrate is decomposed by beat without coloration. 

‘ Solutions of ytterhia give no ahsorption-bands, either in the ordinary spectrum 
or in the ultra-violet (Soret). The earth itself is less easily attacked by acids than 
the other earths of this family. It dissolves slowly in the cold, or at a gentle^ heat in 
slightly diluted acids ; on boiling, it dissolves easily even in acetic and formic acids. 
Ytterbium Sulphate resembles, and is probably isomorphons with, the sulphates of 
yttrium and erbium ; it dissolves easily and without residue in sulphate of potassium, 
no precipitate being formed even on boiling. A. neutral and not too concentrated 
solution of ytterbium chloride is not precipitated by sodium thiosulphate ; a very con- 
centrated solution, containing erbium, gives a precipitate containing a lal^r pr^or- 
tion of erbium than is contained in the residual salts. Ytterbia prec^pitatednby 
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potash, and submitted to a current of chlorine, dissolves completely in presence of 
excess of alkali. 

The formate C^H^YbO® or Yb=0®,3C"H-0-'* dissolves in less than its ojvn weight of 
water, and crystallises in small crystalline nodules, resembling the formates of yttrium 
and erbium ; it is decomposed with intumescence by heat, and loses its water of crys- 
tallisation at 100°. 

The existence of this new earth in erbia throws doubts on the exactness of the 
equivalent of the latter, as determined by Bunsen and others, and would lead to the 
supposition that the molecular weight of erbia must be lower than that usually given. 

Nilson {Ber. xii. 551) has also obtained ytterbia from gadolinite and from euxenite, 
and finds it to be a colourless, infusible earth of sp. gr. 9T75, insoluble in water, easily 
soluble in hot dilute acids, but attacked with difficulty, even by strong acids, in the 
cold. Its solutions have a sweet, astringent taste, are colourless, and give no absorp- 
tion spectrum. The salts impart no colour to the Bunsen flame, but with the electric 
spark the chloride gives a brilliant spectrum. Tliemitmte forms large crystals, which 
melt in their water of crystallisation at 100-, and decompose when heated with evo- 
lution of nitric acid and nitrous fumes, and formation of insoluble basic nitrates. The 
mt^hate, yb''’(S0‘^)^,8H20, forms large brilliant prisms which do not alter when exposed 
to the air, but lose their water at 100°. It dissolves slowly in boiling water, and is 
completely soluble in a saturated solution of potassium sulphate. The anhydrous 
sulphate may be heated to a high temperature wdthout decomposition, but at a white 
heat it is completely converted into oxide. The no7'mal selenite is obtained as a bulky 
amorphous precipitate by mixing solutions of sodium selenite and ytterbium sulphate. 
When treated with excess of selenious acid it yields an insoluble crystalline acid 
scle7iitc, Yb^(SeO®)'*,H-SeOb4H''^0, wdiich loses its water at 100°. The oxalate, 
Yb-(G'O‘‘)^10iI'O, isfermed as a bulky precipitate of small fine needles by the addition 
of oxalic acid to a solution of an ytterbium salt; this precipitate soon contracts, and 
assumes the form of short thick prisms. It loses at 100°, and is but slightly 
soluble in water and dilute acids. 

That ytterbia is a sesquioxide is shown by the composition of the sulphate, analo- 
gous to and isomorphoiis with those of yttrium and didymium ; by the composition of 
the acid selenite, and by that of the oxalate and formate, analogous respectively to 
the corresponding salts of didymium and yttrium ; and, lastly, by the molecular heats 
and volumes of the oxide and the anhydrous sulphate. 

Nilson finds the atomic weight of ytterbium to be somewhat higher than that 
given by Marignac, viz. 116 instead of 115, or 174 instead of 172’5. 

Scandlumn At. w. 44-03 (Nilson), 44*91 (Cleve), the metal being regarded as 
triralent. This metal occurs only in gadolinite (0*002 to 0*003 per cent.) and yttro- 
titanite (0'005 per cent.) It was discovered by Nilson in 1879 {Compi, rend. Ixxviii. 
6-12 ; J3er. xii. 551), and further examined by Cleve {Co7}ipt. mid. Ixxxix. 419) and 
by Nilson (ibid. xci. 118 ; Ber. xiii. 1439). 

Sca7idia, Sc^O^ may be separated from ytterbia by taking advantage of the fact 
that' the nitrate decomposes more easily by heat than that of ytterbium, and that 
scandium sulphate produces in a saturated solution of potassium sulphate an insoluble 
double salt. This double salt nevertheless contains a little ytterbium sulphate, which 
may be finally removed by converting the two earths into nitrates, and submitting 
the latter to partial decomposition by heat ; the ytterbium nitrate can then be washed 
out. 

Scandia is a light, infusible, white powder resembling magnesia. It dissolves 
easily in boiling nitric and hydrochloric acids, but scarcely at all in the cold. It is 
not volatile, and gives no coloration to flame, although a very brilliant spectrum may 
be obtained from the chloride by the electric spark (Nilson). 

The hydrate is a bulky white precipitate, drying up to semi-transparent fragments. 
It does not absorb carbonic acid from the air, is insoluble in ammonia and in potash,' 
and does not decompose ammonium salts when heated with them (Cleve). ’ 

Scandium salts are colourless or white, and have an acid, astringent taste, very 
different from the sweet taste of the salts of the yttrium* metals. The stdyhate does 
not form distinct crystals ; the 7iitratG^ oxalate^ acetate^ and formate, are crystallisable. 
The chloride exhibits the following reactions : It gives no spectrum when heated in a 
gas flame. Potash and ammonia produce bulky white precipitates, insoluble in excess ; 
tartaric acid prevents the precipitation by ammonia in the cold, but on heating an 
abundant precipitate falls. Sodium carbonate gives a precipitate, soluble in excess. 
Sulphuretted hydrogen produces no change; ammonium sulphide precipitates the 
hydrate. Sodium orthophosphate gives a gelatinous precipitate. Oxalic acid gives 
a eT«dy pMpitate, quickly becoming crystalline; this precipitate dissolves in strong 
acids, and cannot be comjpletely reprecipitated. Although apparently more soluble 
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than the oxalates of the other yttrium metals, it is found in the first precipitates in the 
fractional precipitation of a mixture of scandium and ytterbium by oxalic acid. Acid 
potassium oxalate precipitates a crystalline double salt. Sodium thiosulphate pre- 
cipitates a boiling solution easily, but incompletely. Sodium acetate behaves similarly. 
The sulphates of potassium and sodium precipitate crystalline double salts, soluble in 
a saturated solution of the precipitant (Gleve). 

The crystallises from a strong solntioH' in small prisms; when strongly 

ignited, it is converted into oxide, but on treating this with water, a very basic nitrate 
generally dissolves, forming an opaque milky solution, which never becomes clear ; 
this reaction is very characteristic of scandium. The stilphaie, Sc-(SO-‘)^ + 6H-0, 
may be prepared as before mentioned ; it is unalterable in the air, but loses 4 mols. 
of water at lOO'^, and the anhydrous salt is produced on gentle ignition ; when 
strongly heated, it loses sulphuric acid and forms scandia. The douhlc sulphate, 
K-SObSc^(SO‘*)^ + forms characteristic groups of small prisms. It is very slightly 

soluble in water, and quite insoluble in a saturated solution of potassium sulphate. 
The selenite and oxalate may be prepared by precipitation with the corresponding 
sodium salts ; both are insoluble. The spectrum of scandium, as obtained by passing 
a powerful induction spark between aluminium poles moistened with a solution of the 
chloride, is very complicated, and contains more than a hundred lines. All the lines, 
which are very characteristic, are fine, with the exception of some in the yellow and 
orange, and seven strong lines in the hlue-violet. Aline at 4374 is slightly more 
refrangible than a prominent yttrium line, with which it might be confounded. Some 
very faint bands, situated at 5900-5730, are probably due to the oxide, as are 
possibly also the broad lines in the blue-violet at 6193-6016 (Thalen, Co7npt. rend. 
xci. 45). 

Scandium agrees very closely in its atomic weight, and in the properties of its 
oxide and salts, with the element whose existence was predicted by Mendelejeff 
{Liebig's Annalen, SuppUmentband, viii. 133) under the name of Ekabor, e.g. in forming 
a white oxide, M-O'*, infusible, soluble with difficulty in acids after ignition, insoluble 
in alkalis ; also in forming colourless salts, and a sulphate which unites with potas- 
sium sulphate, yielding a double salt analogous in composition to common alum. 

Tbulium and Kolmium (?). Cleve {CompL rend. Ixxxix. 478), in attempting 
to prepare pure erbia, has been led to the discovery of two other earths which he 
designates as ‘dud holmia. On fractionating the mixtme, and subjecting the 

several fractions to spectroscopical examination, it was found that, in addition to bauds 
common to all the fractions, one band, A=6840, was strong in the residues rich in 
ytterbia, and wanting in those containing yttria and erhia, whilst two others, X = 6400 
and 5360, were strong in the yttria and ytterbia residues. The colour of the fraction 
treated for ytterbia was a violet-rose, whilst the yttria fraction had an orange tint. 

The metal characterised by the first hand, X~6840, Cleve proposes to name 
thulium; it would have an atomic weight of about 169*5 (the oxide being Tm”0®).. 
Its oxide has a clear rose-colour. The other metal, is characterised by the 

hands A = 6400 and 5360; it should have an atomic weight less than 162; its oxide 
seems to be yellow. 

J. L. Soret {Compt. rend. Ixxxix. 521) is of opinion that Cleve’s holmium is 
identical with philippium, inasmuch as the bands A = 6400 and 5360, which are said 
to he characteristic of it, are likewise found in the spectrum of philippium. Soret 
also claims to have observed Cleve’s thulium (A = 6840) in the portions of the gado- 
linite earths rich in ytterbium. 


z 

ZEOXiXTBS (v. 1066). The zeolites occurring in the basalt of the Limperich- 
kopf, near Asbach, have been described by E. Weiss {Jahrb. f. Min. 1873, 1319). 
Among those occurring together in a cavity, phillipsite (there of remarkable size) is 
the oldest, next follows natrolite, and lastly apophyllite. 

Danbr^e {Compt. rend. Ixxx. 606) describes the recently formed zeolites from the 
spring of Bourbonne-les-Bains, Dep. Haute -Marne. Crystals of chabasite occur in small 
cavities in fragments of bricks, while those which are found imbedded in the mortar 
consist of lime-harmotone. C. Doelter {Jahrb.f. Min, 1875, 175) describes chabasite 
from the clefts in the monzonite of the Mai Inverno and of the Palle Rabbi osi, Monte 
Monznni, and regards that of the latter locality as a secondary formation from 
anorthite. 

See further G-tsmokdin (p. 861) : Heulandite (p. 1030) ; Phillipsite (p. 1568)o 
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ZEORA. Tho ethereal extracts of Zeora sordida, remaining after the usnic acid 
has crystallised out, contain two neutral crystallisable substances, zeorin and 
sordid in, which have been- examined by Paterno {Atti della Beale j^ccademia dei 
Lined [2], hi. [1876]; Ber. viii. 1359; x. 1382; Gazz. chim. ital. IS'^T, 281, f508). 
The separation and purification of these bodies is difficult, on account of the small 
proportion per cent.) in which they occur in the lichen. The ethereal solution is 
evaporated down ; the brown viscid residue is treated with cold alcohol, which re- 
moves a resinous substance ; and the residue then left is boiled with a quantity of 
alcohol less than sufficient to dissolve the whole, so that nearly all the usnic acid 
present may remain undissolved. The alcoholic solution on cooling deposits the 
zeorin mixed with a small quantity of usnic acid, whilst the sordidin remains dis- 
solved, and may be obtained by further concentration. 

Zeofin, after purification by treatment with chloroform or boiling with 

potash-ley, which dissolves only the usnic acid, and crystallisation from ether-alcohol, 
forms very small but perfectly distinct pyriimids with hexagonal base, colourless and 
transparent, and having a vitreous lustre. It melts at 230®-231°, and volatilises 
without decomposition. It is but very slightly soluble in alcohol, ether, or chloro- 
form, and quite insoluble in water. It is a neutral body, not attacked by alkalis. 
Nitric acid dissolves it, with emission of red fumes, and formation of a yellow sub- 
stance insoluble in alcohol. It is but slightly attacked by dilute sulphuric acid. In 
composition and properties it is nearly allied to betulin. 

Bordidioi, after repeated crystallisation from alcohol, forms colourless 

laminae or needles which melt at 210°, and volatilise without decomposition. It is 
insoluble in water, but dissolves readily in alcohol and benzene, sparingly in ether 
and in chloroform. By heating with aqueous potash, it is converted into a crystal- 
line compound, which decomposes without fusion when heated above 250®. Zeorin is 
not decomposed by potash. 

ZEBECKTXTE, see Tschuking (p. 2062). 

ZIMTC. Atoinio weighty 65. Occurrence in Plants and Animals, — ^Lechartier a. 
Bellamy (Compt rend. Ixxxiv. 687) have found zinc in the human liver, in calf’s liver, . 
in beef, poultry-eggs, wheat, barley, maize, beans, and vetches. 

Metallurgy, — On the roasting of zinc-ores, and the causes of the loss of zinc in 
the process, see Hasenclever {Bmgl, fol. J. exeix. 284 ; eexvi. 165 ; Jahresh.f, Chem. 
1871, 980 ; 1875, 1014). A blast-furnace for the smelting of zinc-ores is described by 
F. L. Clerc {Dingl, jpol. J. ccxxiv. 179 ; Jakresb. 1877, 1117). 

Bcactions, — Zinc immersed in an alcohplic solution oi phosphorus ^ or in aqueous 
solutions of hydrogen ’phosphide, hydrogen sulphate, or iron salts, precipitates small 
quantities of phosphorus, sulphur, or iron on its surface, and retains them with 
great obstinacy. Zinc which has been kept in solutions containing phosphorus does 
not give up anything to water, alcohol, or ether, but carbon sulphide and chloroform 
dissolve phosphorus from it. It does not diminish in weight when heated at 140® in 
a stream of carbon dioxide, but it sustains some loss when agitated at ordinary tem- 
peratures with water and air. Zinc thus coated eliminates more hydrogen from dilute 
acids, &c. than unaltered zinc under conditions otherwise similar. Zinc may also be 
altered in like manner by solutions of hypophosphorous acid. Tho alteration appears 
to be due to surface attraction, not to chemical combination. 

On the action of Zinc at high temperatures on mixtures of Hydrocarbons and Organic 
chlorides, see vii. 183, and p. 1063 of this volume. 

Estimatiofi. — C. Fahlberg {Zeitschr, a/nal. Chem. 1874, 379) describes a volu- 
metric method of estimating zinc, depending upon the fact that this metal is completely 
precipitated from its solution in hydrochloric acid by potassium ferrocyanide, and that 
an excess of the normal solution is readily indicated by a solution of uranium. The 
accuracy of the method is not affected by the presence of manganese or aluminium, in- 
asmuch as manganese ferrocyanide is soluble In potassium ferrocyanide, and aluminium 
solutions are not decomposed by that salt. The presence of nickel or cobalt is, however, 
injurious, since both these metals form insoluble ferrocyanides ; but the quantity of 
them contained in zinc-ores is for the most part too small to have any sensible effect 
on the estimation. The ferrocyanide solution is made of such a strength that 1 c.c. 
of it will precipitate 0*01 g. zinc. It is titrated by means of pure zinc dissolved in 
hydrochloric acid, with addition of five times its weight of ammonium chloride. The 
2 inc ferrocyanide readily falls out in thin flakes, and is free from alkaline ferrocyanide. 

'2sJmmb originally assigned to sordidin the formula ; hut subsequent experiments 

showed that the substance (m. p. 180®) whose analysis led to this formula was contaminated with 
florin. 



1 


ZINC. 2161 

The end of the reaction is determined by the brown colour produced on addition of 
a, drop of uranium nitrate. 

Ores conifaining galena or copper p3rrites, besides blende, are treated with nitro- 
hydrochloric acid, and the solution, after boiling with a little more hydrochloric acid, is 
saturated with sulphuretted hydrogen. The precipitated heavy metallic sulphides are 
filtered off ; the iron in the solution is peroxidised with nitric acid ; and the solution 
is allowed to cool before adding excess of ammonia. The iron is separated as ferric 
hydrate, and the solution now contains nearly the whole of the zinc. The precipita- 
tion is repeated till no more zinc is retained by the iron. The several ammoniacal 
solutions are neutralised with hydrochloric acid, 10 to 15 e.c. of acid of sp. gr. IT 2 
being superadded, and the zinc is titrated with potassium ferrocyauide, regardless of 
the presence of manganese. 

A similar method is described by F. W. Lyte {Chem. News. xxxi. 222 ; 
xxxvi. 89). 

Zinc may also be estimated as oxalate in the same manner as manganese (Classen, 
p. 1264). The same reaction serves also to separate zinc from iron, which, in the 
state of ferric salt, is not precipitated by oxalic acid (p. 1104), 


Compounds of Zinc. 

On Alloys of Zinc and Copper, see Coppbb (p. 566). 

On the actimi of the ‘ Copper -zine Couple* on various substances, see p. 1071. 

Oxide, ZnO. Briigelmann ( P%5. Ghem. [2], Ixxxvii. 1082) prepares this 
oxide in the crystalline state by heating zinc nitrate. It forms white or faintly yellowish, 
shining, hemimorphous pyramids belonging to the hexagonal system, and has a density 
of 5*782 at 215°. It is much less easily attacked by solvents than the amorphous 
oxide. 

Zinc-dust. — The proportion of metallic zinc in the mixture of metal and oxide 
known by this name (vi. 1134) may be estimated by converting the hydrogen evolved 
by it into water by means of cupric oxide, and weighing the water (Fresenius, 
Zcitschr. Anal. Ghem. 1878, 465). 

A cask of zinc-dust partly wet, which was being conveyed in a steamer, became 
red-hot and gave rise to a conflagration {Bingl. pol. J. ccxsiv. 344). 

Zinc Ferrite, Zn0,Fe*0^, is formed by precipitating a solution of ferrous chloride 
and zinc chloride with potash, and agitating the mixture with air till all the ferrous 
oxide is oxidised to ferric oxide ,* the precipitate dried and ignited exhibits magnetic 
properties. 

Ziac Phospliates and Arsenates (Demel, per. xii. 1171, 1279). Frimary Zinc 
phosphate, ZnH'^(FO^)“+ 2H-0, is obtained, by dissolving zinc oxide in phosphoric 
acid, and concentrating the solution, in large transparent triclinic crystals, which are 
not altered by alcohol or ether, but are decomposed by water, phosphoric acid passing 
into solution, and a white crystalline powder separating which has the composition 
10ZnO,4P^O®,10H^O, and is probably a mixture of several phosphates. 

A solution of zinc oxide in arsenic acid evaporated to a syrupy consistence, de- 
posits after some time a crystalline crust composed of small plates, while the mother- 
liquor, on farther concentration, yields an abundant crop of small white needles. Both 
these products, after washing with ether, consist of secondary zinc arsenate, 
ZnHAsO'^-i-H^O. This salt is decomposed by water, either hot or cold, giving up 
arsenic acid, and being converted into a crystalline salt having the composition 
5Zn0,2As20®,5H^0, previously obtained by H. Salkowski (vi. 226). On adding an 
alkali to a solution of either of these salts in hydrochloric acid, a white bulky pre- 
cipitate is formed, consisting of normal or tertiary zinc arsenate, Zn3(AsO^)2 + 3H-0, 
which Salkowski obtained by precipitating a solution of zinc sulphate with sodium 
arsenate. 

Zinc-metUyly Zu(CH3)2. xhis compound, treated with tetrethylie silicate, yields 
ethylic orthosilicoacetate together with zinc-methyl-ethoxyl or zinc methylethylate 
(p. 1793): 

= Si(CH3)(OC2H^)«-hZn(CH3)(OC2H^). 

With acetyl chloride at low temperatures it forms acetone (Pawlow, N. Petcrsb, 
Acad. Boll. xxii. 497), 

Zn(CH«)- -h 2 OmCO.Cl) == ZnCl^ -1- 2CO(OT)^. 

VoL. VIII. 6 Z 
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With hromacetyl bromide it yields methyl-isopropyl carbonol, see Pentyl Alcohols 
(p. 1502). 

Zinc-ethyl similarly treated appears to yield an octyl alcohol. 

Zinc-ethyl treated with sidphurous acid yields ethylsulphurous or ethylsnlphinic 
acid, C^H^.SO^H (Znckschwerdt, Ber. vii. 292). 

ZZNlffWAXiDZTB. A variety of lithia mica from Zinnwald iir Bohemia (see 
Mica, p. 1320). 

ZZBCOM'* A. E. Tornebohm {Jahrh. f. Min. 1877, 97) finds that zircon occurs 
as a widely diffused accessory constituent of Swedish felsite-porphyry, eurite, helle- 
flinta, gneiss, and especially in Swedish granites, and has also been found in the 
granites of Switzerland, Saxony, Tyrol, and North America. 

e. A. Konig (ibid. 203, 944) has analysed zircons: (1). Occurring, together with 
needles of columbite, in the amazon-stone of Pike’s Peak, Colorado, in crystals 6 mm. 
long, exhibiting the combination P.coPoo. (2). Crystals of the combination 
P . OP . CO P, imbedded in quartz or astrophyllite in El Paso county, Colorado : 

SiO®. ZrO“ MgO H=0 Sp. gr. 

1. 28*00 60-00 — 8-93 3*47 = 100*40 4*065 

2. 29*70 60*98 9*20 0*30 — = 100*18 4*538 at 12° 

The analysis of the latter leads to the formula Fe%^°Si^”0‘‘®. 

F. Zirkel (Jahrhuchf. Min. 1876, 201) has detected zircon as a microscopic con- 
stituent in the granulites and mica-slates of Saxony, the gneisses and crystalline slates 
of North America, and the eclogites of the Fichtelgebirge. In these latter Sandberger 
found macroscopic zircon. 

ZZBCOZarzxrM. Atomic Weight, 90. Several compounds of this metal have 
been prepared and examined by S. -E. Paykull {Ber. vi. 1467 ; xii. 1719), viz., the 
tetrachloride, the chloride of zirconium and sodium, ZrCP,2NaCl, obtainable only in 

the djijy7^y,zircodiammonmm chloride, ZrCP,4NH® = CPZr<^^^ 2 |^^ 4 jQp analogous 

to platino' diammonium chloride (vii. 998), the hydrated oxychlorides, ZrOCPjSH^O, 
and 2Zr0CP,13H'O, the latter, which is amorphous, being formed on dropping a 
solution of the chloride into hydrochloric acid ; the hydroxide, ZrO(OH)^ which in 
the moist state appears to absorb carbonic acid from the air ; the nomnal suljphatc, 
Zr(SO'‘)^4H-0, and several crystallisable basic sulphates formed by combination of the 
normal salt with the hydroxide, e.g., SZrO^, 4SO®-f 15H-0, and 6Zr0^7S0®-i- lOH'-’O, 
down to the formation of the hihasic sulphate, ZrO'^.SO’*, or ZrO-,Zr(SO ‘)“^ + ‘'rH“0, 
which dries up to a gum. With potassium sulphate, several basic double salts 
hare been obtained, e.g., K-SO'‘,2[ZrO',Zr(SO‘*)^]-}- HH^O. The precipitate formed 
on boiling a solution of the mixed salts is also, as found by Berzelius, a highly 
basic double salt. The arsenate, 2(2Zr0^,As“0''’) -f- 5H-0, and a phosphate, 
5Zr0^4P''^0® - 1 - 1 2H-0, have also been obtained. The normal oxalate could not be 
prepared, but a double oxalate, ZrC-0‘*,2K2G^O‘‘4- 3H"0 or 4H“0, has been obtained. 

Soluble basic zirconium-compounds have also been prepared by Endemann {J. pr. 
Chem. [2], xi. 219). An alcoholic solution of zirconium oxydichloride prepared with 
the aid of heat yields, on addition of ether, an apparently crystalline precipitate, which, 

ClZr— Ov 

after washing with anhydrous ether, has the composition Zr’O^CF or 1 1 >0. 

OVLt—0^ 

It dissolves readily in water, and remains on evaporation at a gentle heat in the form 
of an amorphous powder. It is soluble also in cold alcohol, but is decomposed by warm 
alcohol. On adding ether to a solution of this compound prepared in the cold, a 
gummy precipitate is obtained, having the appearance of aluminium hydrate dried at 
a low temperature, and likewise soluble in water. It contains only 7HC1 to SZrO®. 
Endemann regards these compounds as analogous to the hydrochloride of metastannre 
oxide, SnCB-}-3Sn0-~2(Sn0Cl)“0, and to the compound 8HCl,9Sn02. An aqueous 
solution of normal zircmmim sulphate, gave on addition of alcohol, a precipitate which 
contained only 6SO'^ to 7ZrO^ and was soluble in water. The basic sulphate dissolves 
in a small quantity of water, but is instantly decomposed, on addition of a larger 
quantity of cold water, into a more basic salt which separates out and an acid salt 
which remains in solution. The salt precipitated by alcohol always retains alcohol, 
^rha^in the place of water of crystallisation. Zirconium oxydichloride, when 
repeatedly dissolved in water, and evaporated at a low temperaturf^, continually gives 
*off hycbochloric acid and becomes uncrystallisable. 
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ZOBLITZITE— ZOISITE. 


Alhaline tartrates givft with zirconium salts a white precipitate of 
tartrate having the composition 

^ OHOH— OOOv 

C^H^ZrO^ - ! >ZrO. 

CHOH— COO'^ 


zirconium 


The solubility o^ this salt in caustic alkalis and alkaline tartrates indicates the exis- 
tence of easily soluble double zirconium tartrates ; and such salts are in fact obtained 
in crystalline form by heating the acid tartrates of potassium and sodium with 
zirconia. Their composition has, however, not yet been determined, as they are very 
much disposed to split up into salts of various composition (R. Hornberger, Lid^ig's 
Annaleoi, clxxxi. 232). 

Cyanogen-com/gounds, — A solution of zirconium sulphate mixed with barium 
thiocyanate forms at jBrst a colourless solution of Tiormal zirconium thiocyanate^ 
Zr(GNS)'* ; but this solution quickly decomposes, depositing a yellow body (probably 
pseudothiocyanogen), while the compound Zr(CNS)2 remains in solution. 

Potassium ferrocyanide produces in zirconium solutions a j ell o wish-white precipi- 
tate, which soon turns greenish-blue, and forms when dry a powder having a fine blue 
colour with a greenish tinge, insoluble in water and decomposed by acids with 
evolution of hydrogen cyanide. Its composition is represented by the formula 
(Fe2)^i(CN)i2(Zr")^ analogous to that of Turnbull’s blue, (F^y^{CBy%Fe"y (Horn- 
berger). 

A hydrated magnesium silicate occurring at 'Zoblitz, at 
Handler near Limbach (A), and as a coating on chrome iron ore in the serpentine 
of Hrubschitz, Moravia (B), also at Lettowich in Moravia : 


SiO“ 

AFO» 

FeO 

MgO 

H“0 


Sp.gr. 

42*44 

4*67 

0*91 

38*49 

13*48 

= 99*99 

2*49 at 20° 

42*57 

9*12 

1*82 

32*90 

13*19 

= 99*60 

— 


Regarding the alumina as replacing part of the silica, these analyses leai<.I to the 
proportions : 

SiO= : Mg : H=0 
A = 1 : 1-3 : 1 

B = 1 : 1-15 : 1 


(A. Frenzel, Jalirh. f. Min^ 1875, 680). 

ZOXSXTXS. This mineral, originally found on the Sau Alp and at Sterzing in 
Tyrol, at Fusch in Salzburg, and at Baireuth and Conradsreuth in ‘Bavaria 
(v. 1085), occurs also in the island of Syra, in the corundum region of North Carolina, 
and in Delaware County, Pennsylvania. 

Analyses. 1. From the glaucophane-hearing rocks of Syra (Liidecke, 7eitschr. 
Gcol. Ges. xxviii. 258, 262). 2. Dark rose-red to faintly reddish zoisite, occurring, 
together with green zeolites and green and yellow grossular, in friable grey quartz 
which forms a vein in the mica-slate gneiss of Leiperville, on the Crum Creek, Dela- 
ware County, Pennsylvania. Sp. gr. =3*642 (Gr. A. Konig, Zeifschr. Kryst. ii. 302). 
3. From the Cullakenee Mine, Clay County, North Carolina ; greenish-white, formed 
from rose-red corundum. Sp. gr. 3*286 (Konig). 4. Greyish-white, formed from 
hlue-grey corundum, which is still present in the nucleus; identical with the 
unionite of Smith a. Brush. Sp. gr. 3*224. 



SiO=* 

APO= 


PeO 

MnO 

CaO 

MgO 


Na-O 

H“0 

1. 

42*85 

32*60 

trace 

— 

— 

21*37 

0*21 

— 

— 

2-55 = 99*58 

2. 

40*70 

33*30 

2*40 

0*70 

0*43 

19*70 

0*15 

— 

— 

2*40 = 9J-78 

3. 

40-70 

33*86 

0-81 

— 

— 

24*05 

0*22 

not det. 

0*63 = 100*27 

4. 

39*86 

33-84 

1*62 

— 

— 

23*82 

0*18 

0*09 

0*22 

0*78 = 100*41 


T. L. Smith {Commit, rend. Ixxvii. 440) has published under the name of ‘zoisite,’ 
the analf ses of two varieties, (A) light-green, (B) black, of a mineral which accom- 
panies the corundum of North Carolina. 

SiO“ A1=0“ ' Cr“0=’ CaO MgO Na-O H*0 

45*70 24*01 4-56 0*52 13*44 8*03 2-91 0*60 

45*90 13-34 11*46 — 12*20 12*53 3*39 0*66 

The proportion of silica is, however, rather large for an epidote or zoisite. The 
light-coloured variety has been described by Genih {Jahresh.f. Chem. 1873, 1152') as 
smaragdite. 
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AKTXHRAKtTPlKT, - C«H3(0H).C20‘'^.C«H3(0H). (Schunck a. Eoemer 

Ber. xi. 1176 ; Liebermann a. Bock, ibid. 1613). A dihydroxyanthraquinone formed 
in small quantity (2 p. c.) by the action of strong sulphuric acid on metahydroxyben- 
zoic acid. It may be separated from anthraflavio acid and metabenzdihydroxyanthra- 
quinone formed at the same time, by means of baryta-water, which dissolves those 
compounds, and purified by recrystallisation from glacial acetic acid. 

Anthrarufin sublimes readily at 120°-130°, and melts at 280°. It is nearly 
insoluble in water, and dissolves but sparingly in alcohol, forming a yellow solution 
from which it crystallises in yellow quadratic tables, exhibiting considerable iride- 
scence. It dissolves sparingly also in glacial acetic acid, and crystallises therefrom in 
regular yellow saw-shaped crystals. The solution exhibits a faint green fluorescence. 
Anthrarufin dissolves to a considerable amount in benzene, less freely in ether and 
carbon sulphide. Prom chloroform it crystallises in prisms. These solutions produce 
no absorption-bands, but only a darkening of the spectrum. 

A concentrated solution of anthrarufin in strong sid^huric acid exhibits a cherry- 
red colour by transmitted light and a strong scarlet fluorescence by reflected light. 
These colour reactions are extremely delicate. One part of anthrarufin in 1,000,000 
pts. sulphuric acid, shows an evident carmine-red colour in strata 1 inch thick, while 
^absorption- bands may be observed in solutions that appear colourless. Small quan- 
tities of nitric or nitrous acid change the carmine-red into a deep yellow which no 
longer exhibits any absorption-bands. 

Anthrarufin dissolves in potash-solution with greenish-yellow colour ; the addi- 
tion of 'hydrochloric acid produces an orange-coloured precipitate, which when boiled 
with zinc-dust changes to a green fluorescent liquid. It is almost insoluble in sodium 
carbonate and in ammonia. Alcoholic lead acetate gives no precipitate in solutions of 
anthrarufin, but alcoholic copper acetate gives a brownish-red precipitate. Anthra- 
rufin is not attacked by bleaching-powder, and does not produce lakes with .'dumina 
or oxide of iron. It yields a nitro-derivative. 

Anthrarufin boiled with potash-solution gives, at a certain degree of concentration 
of the liquid, a brownish potassium. salt crystallising in needles; and on further 
evaporation an indigo-blue salt is obtained, which on addition of water is reconverted 
into the brown-red modification. Finally, if the mass be heated to fusion, a dark-hlne 
lustrous mass is produced, which dissolves in water with a violet-blue colour ; and on 
removing the unattacked anthrarufin and adding hydrochloric acid, a yellowish-brown 
substance is obtained which on sublimation yields small brown-i’cd needles consisting 
of a trihydroxyanthraquinone or purpurin, which appears to differ 

from all the purpurins hitherto known; it dissolves with indigo-blue colour in potash, 
with violet colour in sulphuric acid. 

Diacetyl- anthrarufin, obtained by heating anthrarufin at 200'^ 

with glacial acetic acid, crystallises in yellow needles melting with decomposition at 
245° (Schunck a. Boemer), at 244° (Liebermann a. Bock). It is quite insoluble in 
potash-ley, very slightly soluble in alcohol, more freely in glacial acetic acid ; behaves 
with strong sulphuric acid like anthrarufin, and is reconverted into anthrarufin by 
boiling with potash. 

BVB:ROXBTHirXiA»riX.XXSrx:, C«H“NO = C^HMSfHCG^H^OH). Oxethylenc- 
aniline (E. Demole, Ber. vi. 1024). — This compound is formed by adding aniline in 
‘ molecular proportion to ethylene oxide in a well-cooled tube, then sealing the tube, 
exposing it for a few hours to a temperature of 50°, and fractioning the product till a 
portion is obtained boiling between 279° and 282°. It is a liquid colourless when 
recently prepared, very slightly soluble in water, alcohol, and ether, easily in chloro- 
fcrm.*^ts aqueous solution is coloured green by chloride of lime. When pure it 
m boils at 280°. 
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H'SrBSOXETKirx.XOX.xriXMXrs, cm^mo = C^H^NHCC-'H^OH). OxetJiylme- 
tohddiiie (Demole, Ber. vii. 6S6 ; Zzedzy’s Jmialen, dxxyiii. 123).— This base is pre- 
pared by heating molecular proportions of ethylene oxide and paratoluidine at 100=^ 
in a sealed i\-sk. The product, subjected to fractional distillation, yields a li< 3 [uid 
which boils at 286°-288°, and solidifies in dense tufts of white silky crystals melting 
at 37°, turning yellow on, exposure to light, very soluble in alcohol, ether, chloroform, 
and benzene, soluble also in water. It is a strong base, yielding a deliquescent hydro- 
chloride, and a’ plati no chloride which forms brown not very regular crystals, and is 
not decomposed by boiling with water or alcohol — a character by which it is dis- 
tinguished from the corresponding salt of hydroxethylaniline. The occalate forms 
small prismatic crystals or white tufts ; the acid sulphate crystallises in colourless 
prisms. 

Mcthylhydroxethyltoluidine, obtained by heating molecular proportions of hydrox- 
ethyltoluidine and methyl iodide in a sealed tube at 50°, is a fragrant unciystaliisable 
liquid ; its platinoehloride separates in tufts of red-brown very brittle crystals. By 
heating the monomethylated base with excess of methyl iodide at 100°, a liquid un- 
orystalli sable iodide is obtained, which dissolves very readily in water and in alcohol, 
but is insoluble in ether. When treated with silver oxide it gives up its iodine, and 
is converted into a strong base, the platinum salt of which forms hard, ruby-coloured, 
highly lustrous crystals, having the composition of dimethyl-tolyl-hydroxethylammo-- 
nmm platinoehloride, ^ = [(CH3)2(C“H0(0'H^OH)NOl]2PtClb With 

gold chloride very delicate tufts are obtained, having a splendid yellow colour, 

Dikydroxethyltoluidine, = is formed as a bye-pro- 

duct in the preparation of hydroxethyltoluidine. It is a colourless, viscid, uncrystal- 
lisable liquid, boiling without decomposition at 338°-340°; turns brown somewhat 
quickly in contact with the air : is less soluble in alcohol than the monohydroxethyl 
base. Its platimm salt is much more soluble in alcohol than that of the latter, and 
crystallises in shining ochre-yellow spangles. 

XirtTIiXia', Lesemur a. Horelle (Compt mid, Ixxxvii. 216) have pre- 

pared innlin from elecampane, dahlia, and chicory, and find, contrary to the statement 
of Ferronillat and Savigny {ihid. Ixviii. 1571), that, from whatever source this substance 
is obtained, it is identical in chemical and physical properties. 

Inulin prepared in the same manner from elecampane, dahlia, and chicory, gave 
with Laurent’s polarimeter a rotatory power, [aj^ — —36*56, —36*57, — 36-18 
respectively. Sodium in ulate has a rotatory power = —33°. Its acetic acid deriva- 
tives, obtained by the action of acetic anhydride, also correspond in character and 
composition ; compounds have been obtained of the formulae — 

Q12H1^0^(C2H^02)3 ; 0^231206(032.402)4; C12H1«05(02H402)S. 

Inulin also plays the part of a weak acid, forming with alkalis compounds which 
are soluble in water, but are precipitated therefrom by alcohol. These compounds 
are amorphous, viscid, and translucent ; they are unstable, as from their solution in 
water inulin is again precipitated on adding more water, or on passing carbon dioxide 
through the solution. 

XiiLCTXC ilCXBS, XSOMXiRXC. Wislicenus, from experiments on the lactic 
acid obtained from flesh (sarcolactic acid), was led to regard it as a mixture of two 
acids, viz. pamlactic acid, a dextrogyrate acid forming well-crystallised salts, and 
ethylmie-lactio acid, the salts of which show but little tendency to crystallise. Erlen- 
meyer, on the other hand, failed to obtain an ethylene-lactic acid from sarcolactic acid, 
finding indeed in the mother-liquors of zinc paralactate nothing but a small quantity 
of the zinc salt of ordinary lactic acid, together with a nitrogenous body. In another 
preparation of zinc saicolactate made according to Liebig’s directions (iii. 457 j be 
found that the solution of that salt crystallised to the last drop. Erlenmeyer also 
finds that ethylene-lactic acid, CH 2 OH.CH 2 .COOH, prepared by the action of hydro- 
chloric acid or of caustic soda-ley on ethylene-cyanhydrin, CH20H.CH‘‘.CN, is 
absolutely identical with the so-called hydracrylic add (vii. 717) obtained by the 
action of silver oxide on jS-iodopropionie acid, CH 21 .CH 2 .COOH. Wislicenus regarded 
the acids obtained by these two processes as isomeric, because he did not succeed in 
converting ethylene-lactic acid by the action of hydriodic acid into )8-iodopropionic 
acid; but Erlenmeyer finds that the ethylene-lactic acid prepared from ethylene 
cyanhydrin is easily converted by this reaction into jS-iodopropionie acid. It also 
yields the sparingly soluble zinc-calcium salt which is especially characteristic of 
hydracrylic acid. 

It appears, then, that there are but two metameric modifications c^%cti^or 
hydroxypropionic acid, viz. : « 
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OH»CH(OH).COOH OH2(OH).CH“ COOH 

Ethylidene-lactic acid Ethylene-lactic acid 

The first of these is however susceptible of two isomeric modification ^ ; one, the 
ordinary lactic acid of fermentation, being optically inactive, while the other (sarco- 
lactic or paralactic acid), obtained from flesh, is dextrogyrate. 

xrORWEGZVM. A metal occurring, according to Tellef Dahl (Ber. 1879, xii. 
1731), in a nickel-glance from the small island of Otero. It is fotmd as a black 
sulphide, together with copper, in the precipitate formed by hydrogen sulphide, and 
may be easily separated from copper by dissolving the precipitate in hydrochloric 
acid and mixing the slightly acid solution with a large quantity of water, whereupon 
the norwegium is precipitated as oxychloride. This metal^s very similar to bismuth. 
Its specific gravity is 9-441, and atomic weight 145-95 for HO, or 218-93 for 
melting point, 254°. Norwegium oxide, like bismuth oxide, is fusible and yields a 
metallic deposit before the blowpipe. The reactions of norwegium with potassium 
iodide, &c. are very much like those of bismuth. It is only in the reactions with 
alkalis and alkaline carbonates that any considerable difference between the two is 
to be observed, norwegium hydroxide being soluble in caustic potash and in a large 
excess of the carbonate of ammonium or sodium, whereas bismuth oxide is sparingly 
soluble or insoluble therein. 

OZiOIirE. Liquefactioii and Colour in the Gaseous State. — When a gaseous 
mixture very rich in ozone, obtained by the action of electricity on oxygen at a very 
low temperature, was submitted to strong pressure at a temperature of — 23^, an 
azure-blue colour appeared in the tube, and as the pressure increased, the colour 
deepened, until, when the gas was under a pressure of several atmospheres, the colour 
had become indigo-blue. On suddenly removing the pressure, a momentary white 
mist was observed in the tube, indicating a condensation to the liquid, or perhaps to 
the solid state. The blue colour is an essential character of ozone, and may be seen 
whenever a sufficient thickness of a mixture containing it is viewed. Thus the oxygen 
issuing from Berthelot’s silent discharge apparatus exhibits a sky-blue colour when 
viewed through a column 1 meter long (Hautefeuille a. Chappuis, Compt. rend. 
xei. 522). 

On the effect of Ozone on the Colour of the Atmosjphere, see Hartley {Chem. Soc. J, 
1880, xxxix. 113). 

PKEzrOE-BXAZXXars, or Azophenols (Weselsky a. Benedikt, Wien. A/cad. 
Ber. [2 Abth.], Ixxvii. 773 ; JBer. xi. 398). 

l>iplieiiol-dlazins, C®H'‘(OH).Niz:N.C®H‘*(OH). The oriho^ and^am-compounds 
are formed by the action of melting potassium hydroxide on the corresponding nitro- 
phenols. Metanitrophenol does not yield a diazin-compound. To prepare o-di- 
phenol-diazin, 5 g. orthonitrophenol are added to a four- or five-fold amount of 
potassium hydroxide melted with a small quantity of water, and the mixture, which 
has at first a red colour, due to the presence of potassium-o-nitrophenol, becomes 
dark green with metallic lustre, and begins ' o froth up strongly and give off ammonia. 
The froth sinks rapidly, leaving a dark red melt, which is to be dissolved in water 
and supersaturated with dilute sulphuric acid ; and the yellow-brown flocks thereby 
separated are freed from undecomposed nitrophenol by washing with water, then 
pulverised and exhausted with boiling ether. On leaving the ether to evaporate, the 
diphenol-diazin remains, and may be purified by crystallisation from alcohol. 

Orthodiphenol-diazin is insoluble in water, dissolves in about 300 pts. cold alcohol, 
more freely in boiling alcohol, abundantly in ether, and crystallises from alcohol in 
anhydrous laminae having a golden lustre; it melts at 171°, and volatilises without 
decomposition, subliming in reddish-yellow needles. It dissolves in alkalis, forming 
reddish-yellow solutions from which it is precipitated unaltered by acids. ' Its lead 
salt, C*'-^H“N-02Pb, separates as a red anhydrous precipitate on mixing the alcoholic 
solution of lead acetate and o-diphenol-diazin. The barium salt, prepared by adding 
titrated solutions of caustic baryta to alcoholic solutions of the diphenol-diazin, 
crystallises after some time in wavellitic groups of needles having a splendid red 
colour. At 100° it gives off its water of crystallisation, and acquires a fine brown 
colour. Tetrabrom-o-diphe^wl-diazin, prepared like the corresponding para-compound 
{infra) by treating o-diphenol-diazin in ethereal solution with excess of , bromine, 
ciystallises in needles having a dark yellow colour and metallic lustre. When fused 
with potash it turns reddish-violet. 

P^j^ra-diphenol-diazin is formed: 1. When jp-nitrophenol in portions of 5 to 
10 grams is added to a five-fold quantity of potassium hydroxide fused with a little 
waW, aft(»-the mixture is heated till it ceases to froth, and assumes a brown-violet 
c^lc^i^On saturating it with dilute sulphuric acid, crude jf>-diphenol-diazin separates 
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in tlie form of a yellow scum, which is to be collected, dried, dissolved in ether, then 
freed by filtration from considerable quantities of gummy and carbonaceous substances, 
and the ether^ finally evaporated ojBfi By repeated crystallisation from dilute 
alcohol, tl\_p-diphenol-diazin is obtained in bent needles or compact grains having 
a red- brown colour and mostly a steel-blue refiex. The product amounts to SO per 
cent, of the calculated quantity. For purification it is dissolved in dilute potash-ley, 
precipitated by carbonic acid, and recrystallised from dilute alcohol. 2. By the action 
of potassium-phenol on the nitrate of ^^^-diazophenol : 

(0H)0«HlKzz:N.N03 + O^^OK = + (0H)06H".Ni=zN.CsH4(0H). 

To prepare it, the solutio^ of 10 g. diazophenol nitrate in 200 c.c. water and 7*22 g. 
potassium-phenol are mixed ‘together, whereupon the liquid quickly turns dark red 
and begins to deposit a resin. On filtering the liquid after twenty-four hours, and add - 
ing dilute sulphuric acid, a copious dark red crystalline precipitate is formed which 
may be partly purified by washing with cold water and agitation with dilute solution 
of sodium carbonate. The paradiphenol-diazin then remains undissolved, and may be 
further purified by agitation with ether, which dissolves it, evaporating off the ether, 
and recrystallising the residue from alcohol with the aid of animal charcoal. 

Paradiphenol-diazin is nearly insoluble in water, but dissolves readily in alcohol, 
ether, and benzene, and crystallises in light brown shining tiielinie crystals, without 
metallic reflex. It melts at about 204°, and at the same temperature begins to 
decompose with strong intumescence. Its compounds with alkalis dissolve in w'ater 
and in alcohol with splendid orange colour ; it has not yet been separated from these 
solutions. The barium C‘-H®N-0-Ba-i-4H"0, obtained by mixing an alcoholic 
solution of the diazin with the equivalent quantity of caustic baryta in aqueous solu- 
tion, forms yellow crystalline granules which at 100° give off their water and turn 
brown-red. The lead salt may be prepared in a similar manner. 

TetrabroTm-'^-dijphenol-diasm, C’^H®Br^!N“0“, is obtained by treating the diphenol- 
diazin dissolved in 60 pts. of ether with an excess of bromine, as a granular substance 
■ which dissolves in benzene and crystallises therefrom in golden-yellow needles. It 
does not dissolve without decomposition in potash-ley, and when fused with excess of 
potassium hydroxide and a few drops of water, it yields a blue melt, which on ex- 
posure to the air becomes first violet and then red. 

SZXiXCOHr-XSTHTXi SERXBS. Compounds containing a double atom of silicon, 

— Si~, and therefore analogous to ethane and its derivatives, have been prepared 
by Priedel a. Ladenbuig {Ann. Chim. Fhys. [5], xix. 390). The starting-point for 
the preparation of these compounds is silicon tri-iodide, Si-I®, which is prepared by 
heating silicon tetriodide with finely divided silver (reduced by zinc from moist silver 
chloride), in sealed tubes at 290°-300° for several hours. The contents of the tube 
are freed from unaltered tetriodide by repeated washing with small portions of dry 
carbon bisulphide ; a larger quantity of hot carbon bisulphide is then added, and the 
mixture filtered as rapidly as possible out of contact with the moisture of the air. On 
cooling, the solution deposits small colourless hexagonal prisms of Si-I®, which fume in 
moist air, and dissolve in potash with evolution of hydrogen. Silicon tri-iodide may 
be fused in a vacuum, but decomposes partially at 250°. It cannot be distilled at 
atmospheric pressure or in a vacuum, but on heating it, a portion sublimes, and the 
remainder decomposes into the tetriodide and an orange-coloured substance which 
appears to be SiP. 

Bilioon tribromide, Si^Br®, is obtained by adding ’ an equivalent of bromine to a 
solution of the hexiodide in carbon bisulphide. It crystallises in rhombic plates, 
presenting the optical phenomena of biaxial crystals, and is therefore not isomorphous 
with the corresponding iodide. 

Silicon iricldoride, Si^Cl®, is obtained by gently heating a mixture of silicon tri- 
iodide and mercuric .chloride. The product is distilled off, rectified over mercuric 
chloride, and purified by fractional distillation. It is a colourless liquid, distilling 
between 144° and 148°, and crystallising at about — ; it fumes in the air, and is 

decomposed by water, with formation of a product which in great part dissolves in 
the acid liquid. All attempts to prepare this substance in the dry way by the action 
of silicon, silver, zinc, sodium, and hydrogen on silicon tetrachloride at a high tern- 
perature were unsuccessful. Troost a. Hautefeuille, however, have recently prepared 
Si-01® by the action of silicon tetrachloride on fused silicon, at a temperature at which 
porcelain begins to soften. 

Silico-oxalio hydroxide, H^Si-0^. — When crystals of silicon tribromide are intro- 
duced into ice-water, hydrogen is evolved, and a white substance depo^t^d -^ich, 
Softer drying in a vacuum %nd then at 100°, has a composition expressed by the 
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formula H-Si-0'^. Treated with potash, it gives off hydrogen in theoretical proportion, 
and when burnt with oxygen or heated in the air, it decjinposes with ineandeseence, 
leaving a residue of silica in the proportion required by the equation : H-Si^O*^ + 0 = 
H-0 + 2Si02 The air-dried substance contains 10*4 per cent, water, t^i formula 
^ H^Si^O^ + 2H20 requiring 12-8 per cent. The formation of silico-oxalic hydroxide may 
be explained by supposing that Si-(HO)® is first produced, and then converted into 
Si20‘'^(H0)^ by the loss of 2H^O, Although this substance is the chemical analogue 
of oxalic acid, it has no acid functions ; bases, even the most dilute, decompose it 
with evolution of hydrogen, just as oxalic acid under certain conditions is decomposed 
by potash. Silico oxalic hydroxide may also be prepared by the action of silicon tri- 
iodide on absolute alcohol, the ethyl iodide, which is formed at the same time, being 
removed by distillation. 

Silicon triethide^ Si2(C^HD® — Silicon tri-iodide is added in small quantities to 
zinc-ethyl in the proportion of Si-I® to 3Zn(G“H^)-. A brisk reaction ensues, and a white 
substance is deposited. The product is distilled, the distillate washed with water to 
remove zinc-ethyl, agitated with concentrated sulphuric acid (to remove a substance 
which appears to be the oxide of silicon-triethide, vii. 1083), again washed with 
water, dried, and submitted to fractional distillation. The distillate boiling at 150°- 
154° is silicon tetrethide, that coming over between 250° and 253° is silicon triethide, 
Si-(C-H^)® Silicon triethide is a limpid, slightly oily liquid, with a faint odour 
resembling that of silicon tetrethide. It burns with a bright flame, producing clouds 
of silica. Two vapour-density determinations, made at about 300°, gave the numbers 
8*53 and 8*63, theory requiring 7*96. The excess was probably due to the presence 
of the above-mentioned oxide of silicon-triethide. The density of the liquid silicon tri- 
ethide is 0*8510 at 0°, 0*8403 at 20°, compared with water at 0° and 20° respectively. 

STrccXHXMCIBE, C*H=NO*= | ’ This oompoirad, treated with 

OH^CQ/ 

bromine, yieldsdibromosuccinimide, which crystallises in rhombic prisms molting 

CBr.OOv 

at225°,togetherwithbromofumarimide, 1 1 >NH, molting at 160°-152° and 

CH.0O ^ 

another body, perhaps monobromosuccinimide, which melts at 105°-120° (Kisielinski, 
)Vien. Acad. Bcr. [2 Abth.], Ixxiv. 561. 

StrcciWirRAMIDI!, ‘, is obtained by evaporating the mixed solutions 

of potassium cyanate and asparagine : 

NH2.00.0H''^.CH(NH2).CO0H + KCON + HCl 
« KOI + NH2.CO.GmCH(NH.CO.NH=^)COOH. 

It forms colourless prismatic crystals, sparingly soluble in water, nearly insoluble 
in ether and in alcohol. It melts at 137°--138°, decomposing at the same time, with 
formation of amidomalylureide, which when evaporated down with hydrochloric 
acid of sp. gr. T12, yields malylureidic acid : 

Nmco.cmoH<co-;^j^ ho.co.ch'^.ch^O;^^ 

Amidomalylureide Malylureidic acid 

(G-uareschi, Gazz. Chim, ital. 1877, 404). 

strccijvrvii-succiwic ACXB, The diethylic ether of this acid, 

GH^.GO.CH.GO.OC'^H^ 

= I I 

GffbGO.GH.GO.OC-H* 

which Fehling obtained by the action of potassium on diethylic succinate, regarding it 
however as (v. 463), has been further examined by F. Herrmann {Ber, vii. 

1039). It is neutral, insoluble in water, but dissolves in alcohol, ether and benzene,' 
forming solutions which exhibit a splendid light blue fluorescence, and separates in 
large light-yellowish triclinic crystals melting at 126°-127°. On the crystalline form 
see Arzruni {Zeitsohr. Kryst. i. 449). 

Alcoholic potash added to its alcoholic solution throws down the monopotassmn 
comfomid, which, when treated with excess of potash, is converted into the 

dipotasmm-com^ound, which has a splendid orange colour, and forms a 

yellow solution in water. This solution is very unstable, but when recently prepared 
gives with magnesium salts a purple precipitate of the magnesium-compound 
CH^CO.C.GO.OC^H® 

Vg 

CH*.CO.C.CO.OC=Hs 


+ 2H20, 
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■whicli gxv^ off water and turns yellow at 80®, but recovers its original colour' when 
drenched with water. 

Ira E6in>en {Ber, viii. 1408) has also obtained this magnesium compound, but not 
in the pure sihte, by boiling the ether, with magnesia. He describes this 

ether as crystallising in flat needk'S with a tinge of yellow, and melting at 128®. By 
adding an alcoholic solution of soda to a solution of the ether in alcohol, or by the 
action of sodium^-amalgam on the latter, he obtained immediately a fine red bulky pre- 
cipitate made up of microscopic needles, which, after washing and drying (whereupon 
it turned yellow), had the composition of the sodium-salt, 0^^fi^'*Na'0® + 4H-0, This 
sodium-compound is very soluble in water, and hydrochloric acid added to the solution 
throws down the original ether. The barium com^ound^ C^‘^H^*BaO®+ H^O, is obtained 
in like manner as a precipitate, having a fine rose-red colour, and turning yellow on 
drying. It is not decomposed by boiling with water or alcohol. With lime-water, 
the lemon-yellow calcium-comjpotcndy is obtained. The ether, 

Qi2p[i4(()2pj5)80fi, is not attacked by acetyl chloride, ammonia, or nascent hydrogen; it 
is very slowly oxidised by potassium permanganate and by nitric acid ; decomposed 
by water at 150°. Hemsen does not consider that the constitutional formula proposed 
by Wislicenus for the acid, C^“H^®0®, is satisfactorily established. 

ikctlon of Alkalis on Diethylic Succinylsucclnate (Hermann, Ber. 
X. 107). The mode of action of alkalis on this ether varies accordingly as i: takes 
place in presence or absence of air. 

1. In absence of air. — 1. When the yellow alkaline solution is left for two hours, 
the undecomposed ether then precipitated by carbon dioxide, and the filtered liquid 
acidified with acetic acid, there is thrown down a crystalline greenish-white powder, 
which is sparingly soluble in cold alcohol, ether, and cold water. Kentral solutions 
of this body are coloured deep violet by ferric chloride. It melts at 98°, evolving 
carbon dioxide, to a pale yellow liquid, which does not solidify, and is readily decom- 
posed by boiling water, with copious evolution of carbon dioxide. According to 
analysis the substance is monethylic succinylsttccinate^ having the formula — 

CH2--C0— CH.COOC2H® 

CH^— CO— (!)H.COOH 

This formula is supported by the facts that the substance yields alcohol when 
heated with potash, and that it gives off at 100® a quantity of carbon dioadde agreeing 
with the following equation, thus yielding ethylic succinyl;pro^onate 

CH2— CO— CH.COOC^H® CH^— CO— CH.COOC^H® 

I 1 = CO^ 4. 1 I 

CH2— CO— CH.COOH CH2— CO-CH- 

The last product is an oily liquid of intensely bitter taste and faint odour, dis- 
solving easily in alcohol and ether, and sparingly in cold water. Its solutions are 
coloured a pure violet by ferric chloride. 

2. In the liquid filtered from monethylic succinylsuccinate, dilute sulphuric acid 
produces a yellowish-white, crystalline precipitate having an acid reaction, sparingly 
soluble in cold water, more freely in alcohol and ether. The solutions are coloured 
violet by ferric chloride. This substance is readily decomposed by boiling water, 
evolving carbon dioxide. It is regarded by Hermann as siLccinylsuccinic acid. 

3. The liquid from which the preceding substances have been separated contains 
yet another decomposition-product, which has not been isolated. 

n. In presence of air the decomposition described above is accompanied by absorp- 
tion of oxygen, in consequence of which there is formed, besides the foregoing decom- 
position-products, an acid which crystallises from boiling water in pale yellow, hair-like 
needles. This body dissolves very easily in alcohol, ether, and boiling water, the 
solutions exhibiting a greenish fluorescence, and giving a deep blue colour with ferric 
chloride. When cautiously fused with potash and afterwards acidified with sulphuric 
acid, it evolves carbon dioxide, and yields quinol. Brom these reactions, and the 
numbers obtained by analysis, it is inferred that the substance is guinoUdicarhoxylic 
acid, C®0-H''(COOH)^ 

VIWirii-TOlitTlDlSa'E, which Wurtz obtained by heating tolnidine 

with ethylene chlophydrin (vi. 1105), is also produced in small quantity by heating 
hydroxethylene-toluidine (p. 2165) for two or three hours at 280® in contact with the 
air : C®H^®NO = 4- H-0. It is very slightly soluble in alcohol ; crystallises from 

benzene in somewhat irregular nacreous crystals ; melts at 189®-! 90®. TJ^e^ sajj^e 
compound is formed by the distillation of hydroxethylene-toluidine oxalate, and as 
secondary nroduct (passing over at about 360°) in the preparation of hydroxe^lene- 
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toluidine. In this last case the product also contains a substance melting,atl55°- 
160°, the chemical nature of which has not yet been made out; it exhibits strong 
basic properties, and forms a hydrochloride which crystallises in needles./ 

Vinyl-toluidine, heated at 100° with methyl iodide, yields tSe compound 

^p|7'}qp7^2 ) 

which separates from alcoholic solution in splendid dark -red 

crystals, yielding a nearly colourless powder. It is not attacked by ^ caustic potash, 
but moist silver oxide decomposes it, with separation of silver iodide, and formation 
of a very strong base. From the reaction of vinyl-toluidine with methyl iodide, 
Demole infers that it has the constitution of a tertiary base, 
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VOL. VIII., Pt. II. 


On p. 1507, at foot, for paragraph on Perthiocyanic Acid, read as under 

PEX^THIOClTiiig'OGEKr or PSEUBOTHXOCTAXa’OaEiar, This, and 

not peHhioajanic acid, is the substance on which the experiments of Ponomareffl (p: 608) were made. 
The formula of perthiocyanic acid is (Atkinson). PonomarefE finds by further exporimenta 

iCom.pL rend. Ixxx. 1398) that perthiocyanic acid, heated with ammonia to a temperature not 
exceeding 100° (in his former experiments the heat was raised to 160°~160°;, yields a compound, 
which he designates as thiamelline, together with thiomelanurenic acid, 
Thiammeline is a white sandy powder which dissolves in 145 pts. of boiling water, and when heated 
with potash gives off ammonia and yields cyanate and thiocyanate of potassium. Hot strong 
hydrochloric acid resolves it into hydrogen sulpliide, sal-ammoniac, and cyanuric acid. Nitric acid 
oxidises it to ammeline nitrate. Heated with ammonia, it yields a body having the properties of 
melamine. Thiammeline dissolves in acids and alkalis, and forms precipitates with the sfUts of the 
heavy metals. On the composition of pseudothiocyanogen S(^ further page 1697. 
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^ Tbe Appearance of a seventb volume, being tbe first part of a 
third ^ sup^ement to Mr. Henby Watts’s valuable Dictionary of 
Ghemistry^ will serve to, remind tbe studions of tbe marvellously 
rapid progress of chemical science in recent years. This first in- 
stalment of tbe supplement is a solid volnme of upwards of 800 
pages, entirely devoted, as were tbe previous two supplements, to 
recent discoveries, wbjcb are explained concisely under tbe old 
alphabetical arrangement. Thus tbe record of chemical discovery 
is brought — or rather will be brought when the second volume is 
published — down to the year 1877, including, however, some of the 
more important discoveries which have appeared in 1878. The 
labours of the Editor and his contributors of course lie chiefly in 
methodising, arranging, and reducing to the most concise form the 
results of experiment and investigation, English and foreign; but 
many of the articles embody the fruits of original research. Among 
the most curious as well as practically valuable articles in the present 
volume is that on Flame, contributed by Professor E. T. Thohpe.’ 

Daily News. 

^ Watts’s Dictionary is well known to all who take any interest in 
chemical science. The second supplement was published in 1875, 
and the contributions to chemical literature have been so great since 
that time that it is found necessary to issue tbe third supplement in 
two parts instead of one, as has been the case usually. In chemical 
philosophy one of tbe most important articles is by Dr. Mills on 
cumulative resohition, a term proposed by the author as referring to the 
combination of a substance with itself after a certain portion has been 
withdrawn. Thus tbe compound known as magistery of bismuth is 
obtained by adding water to the nitrate of bismuth, when a precipitate 
is formed containing a portion of the metal. If more water be added, a 
farther precipitate is obtained containing a larger portion of the metal. 
The ordinary law of multiple proportion is inadequate to explain the 
series of changes ; but cumulative resolution gives the mathematical law 
governing the change. An article on Flame, by Professor Thobpe, 
is an important one, giving as it does the most recent views of 
chemists and physicists as to the source of luminosity in flames. Of 
articles relating to agriculture, there is one by Mr. R. WABmoTON, on 
barley, in which various analyses of the plant are given. Particular 
reference is made to experiments by Lawes and Gilbert, and, after 
giving some tabular statements, the following passage occurs : — The 
results quoted above teach us that with barley, as with other cereals, 
tbe ordinary supply of combined nitrogen from the atmosphere is quite 
insufficient for vigorous growth, and that to maintain crops of average 
luxuriance, nitrogenous manures are indispensable. The atmospheric 
supply of carbon is, on the other hand, quite sufficient for the crop.” 
The article on Forest Trees, by the same contributor, contains very 
elaborate tables, showing the composition of different trees, the quantity 
of materials removed from an acre of soil by forest trees, &c. Other 
important articles, of which we have only room to give the titles, are 
Analine Colours, Arsenic, Benzenes, Butter, Chemical Action, Chloro- 
phyll, Coal Gas, Dye Stuffs, Electricity, Ferments. In concluding this 
notice we must refer to tbe great value of the work to chemists, and 
may be allowed, perhaps, to express a hope that other brap^h^ of 
science will some day have their dictionaries modelled on the plan pf 
Mr. Watts’s encyclopaedic and invaluable work.’ 

Morning Adverttseb'? 
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